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Abstract: In this study, the effects of exhaust pipe design used in biogas-fueled cogeneration systems on engineering
performance and cost were investigated. First, the existing system was analyzed by field work, and then structural analysis was
applied with CFD (Computational Fluid Dynamics). The exhaust pipe route, pipe diameter, and material thickness of the existing
system were evaluated, and design improvements were suggested. It was determined that the shorter pipeline application with
the changes made in the pipe route and layout reduced pressure losses. Despite the use of an exhaust pipe with a smaller
diameter and made of thinner material in the proposed new design, compliance with the standards was ensured, and it was
shown to be safe against wind loads with finite element analysis. Considering the calculated maximum wind load of 5.52 kN
and the weight of the system, the maximum stress value was calculated as 108.691 MPa as a result of the Von Mises stress
analysis applied to the exhaust pipe system in the finite element analysis. This value showed that the system was 1.56 times
safer. In the deformation analysis, the maximum displacement value was measured as 0.13 mm, and this value is ideal. In the
cost analysis, it was determined that the proposed new system provides a cost reduction of approximately 53% compared to
the existing system. The results obtained emphasize the importance of engineering analysis in exhaust pipe design, and show
the applicability of the approach to increase economic and environmental sustainability in industrial facilities.
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1. Introduction

In the face of growing global energy demand and esca-
lating environmental concerns, the transition to renew-
able and sustainable energy sources has become more
critical than ever. Among these, biogas technologies
have emerged as a particularly valuable solution for
their dual role in waste management, and energy pro-
duction. By transforming organic waste—ranging from
agricultural residues, to industrial effluents—into com-
bustible gas through anaerobic digestion, biogas plants
offer a cleaner alternative to fossil fuels, while also con-
tributing to the reduction of greenhouse gas emissions
and promoting a circular economy.

Biogas plants appear as a sustainable solution where
organic waste is converted into energy through fermen-
tation. Biogas, which can be obtained from different
sources ranging from agricultural waste to domestic
and industrial waste, provides an alternative to fossil

fuels while also offering environmental benefits such as
waste management, and reduction of greenhouse gas
emissions.

To maximize the energy yield from biogas, cogenera-
tion systems (Combined Heat and Power - CHP) are
frequently employed. These systems enable the simul-
taneous production of electricity and usable thermal
energy, significantly improving the overall efficiency
of biogas plants. However, the effectiveness of cogene-
ration systems heavily depends on the performance of
their subsystems, one of the most critical being the ex-
haust infrastructure. The gases formed in biogas plants
are used for electricity production in solutions such as
cogeneration systems. In addition to electricity produc-
tion, cogeneration systems are pioneers in increasing
efficiency by utilizing the heat of the exhaust gas re-
leased into the atmosphere.

One of the most critical components of cogeneration
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systems is the exhaust pipes that come into play during
the use of the energy obtained. Exhaust pipes directly
affect system safety and efficiency by properly transfer-
ring the combustion gases of the biogas burned in gen-
erators or engines out of the facility. Thanks to correctly
designed and constructed exhaust pipes with appropri-
ate materials, exhaust gases are released safely into the
atmosphere. Otherwise, inadequate management of ex-
haust gas can lead to problems such as environmental
pollution, unwanted gas accumulation in or around the
facility, and efficiency losses.

While cogeneration systems have been widely adopted in
many sectors, insufficient attention is often paid to the
exhaust pipe design, which can result in pressure losses,
heat dissipation inefficiencies, and environmental haz-
ards. Properly engineered exhaust pipes not only opti-
mize gas flow and minimize backpressure, but also help
in complying with stringent emission regulations, both at
the national and international levels. Despite the wealth
of literature addressing cogeneration performance and
emissions, studies that investigate the mechanical and
thermofluidic behavior of exhaust pipes using CFD
(Computational Fluid Dynamics) and structural analy-
sis in a biogas-specific context remain limited.

In this manuscript, the cost effect of exhaust pipe design
principles was effectively investigated by performing
CFD (Computational Fluid Dynamics) and structural
analysis on exhaust pipes in biogas-fueled cogeneration
systems.

Moreover, the study evaluates how exhaust system
components can be optimized to meet ISO and local
regulatory standards, providing insights into improve-
ment methodologies for future system implementa-
tions. By reviewing state-of-the-art research, including
applications of exhaust design in industrial furnaces,
transport vehicles, and maritime systems, the manu-
script establishes a multidisciplinary foundation for
understanding and enhancing flue gas management in
renewable energy contexts.

In addition, how exhaust systems can be brought into
compliance with local and international standards and
possible improvement methods will be discussed. Thus,
it is aimed to make biogas plants safer, more efficient,
and sustainable by adopting correct applications from
both engineering and environmental perspectives.
The importance of exhaust pipe design stems from
the fact that it directly affects the overall performance
of the system by regulating gas flow and minimizing
pressure losses. In this context, the analyses and design
improvements made within the scope of the project
aim to contribute to the more efficient operation of
cogeneration systems.

Cogeneration systems provide simultaneous production
of both heat and electricity from the primary energy
source [1]. Studies in the literature have examined the
effects of exhaust pipe design on system efficiency and
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cost with different methods and have drawn attention
to the importance of optimizing design parameters.

The study by Tanriver and Ay [2] used computational
fluid dynamics (CFD) analyses and structural optimi-
zation methods to understand how it affects the spread
of infection in refuse chute throw pipes, and to improve
its design. Chootrakul Siripaiboon et al. [3] show that
CFD methods are used together with experimental
studies in separation gasifiers with integrated syngas
burners. Experimental verification of the temperature
and syngas composition values obtained in combustion,
pyrolysis, gasification, and drying zones provides an
important roadmap for increasing gasification efficien-
cy and reducing emissions. Similarly, CFD-based flow
and heat transfer analyses are carried out to improve
natural gas, air, and flue gas channels in tower type zinc
refining furnaces; it is aimed to increase combustion ef-
ficiency and thermal homogeneity in zinc refining pro-
cesses [4].

In steam boilers, the method of flue gas recirculation, al-
though the impact on system performance in controlling
the temperature of reheated steam is subject to debate,
there are studies suggesting that it significantly shapes
the thermal efficiency of steam boilers and emission con-
trol [5]. Moreover, ash accumulation in heat exchangers
can significantly change the radiation properties of the
flue gas-particle mixture and, lead to significant decreas-
es in heat transfer efficiency. Therefore, the development
of dynamic accumulation models and non-gray radiation
analyses can contribute to the design and optimization of
waste heat recovery devices [6].

On the other hand, in terms of energy efficiency and
emission reduction in the transportation and maritime
sector, it can be shown that the gases in the exhaust sys-
tems cause an energy loss of approximately 25%, but it
is possible to recover this energy by using thermoelec-
tric generators [7, 8].

It has been shown that emission control can be per-
formed with real-time data using deep learning-based
time series approaches for monitoring and predict-
ing exhaust pipe emissions from heavy trucks in road
transport [9]. Exhaust pipe vibration analysis is also a
critical issue in terms of reliability and durability in the
automotive industry, and stress and failure points in
flanges or other components can be detected with mod-
al and random vibration analysis [10].

Nejatzadegan et al. [11] investigated the efficiency be-
tween the exhaust manifold and engine parts accord-
ing to two different types of exhaust manifolds. Hasan
Ustiin Basaran [12] conducted a study to determine the
relationship between exhaust gas and temperature in
diesel engine systems. In their study, they showed that
delayed fuel injection moderately improved the exhaust
temperature. Zhang et al. [13] showed that when flue
gas waste heat is applied together with an absorption
heat pump and staged heat recovery technologies, boil-
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er efficiency can be increased by more than 12%. Shi et
al. [14] have conducted an alternative study to the tra-
ditional exhaust cooling systems used in diesel engines.
The study not only complies with safety standards, but
also provides fuel savings of over 4%. In addition, it has
shown superiority in terms of environmental and per-
formance by offering up to 90% emission reduction. Li
et al. [15] studied the use and cost effectiveness of devic-
es required for air pollution control in flue gas of coal-
fired plants. Tomasz Kalak [16] has shown that indus-
trial waste biomass can be an environmentally friendly,
low-cost, and sustainable energy source that can be
used as an alternative to fossil fuels in the production
of electricity and heat, and can be efficiently evaluated
with different conversion methods.

These literature reviews have provided a solid theoreti-
cal basis by supporting the engineering tools and design
approaches used in the project. Existing studies clearly
demonstrate the importance of parameters such as gas
flow rate, pressure loss, and material selection in the
project. In the light of this information in the literature,
the problems aimed to be solved during the project pro-
cess have been clearly revealed.

Ultimately, the aim of this research is to present a
cost-benefit analysis of alternative exhaust designs in a
real-world biogas cogeneration facility. The comparative
evaluation of existing systems and newly proposed con-
figurations is intended to offer engineers, plant design-
ers, and decision-makers practical guidance in making
sustainable, safe, and economically viable design choices.
Through this study, we hope to underscore the broader
role of intelligent engineering in advancing the efficiency
and reliability of renewable energy systems.

The purpose of this article is to reveal the efficiency of
the exhaust pipe design used in cogeneration systems
in terms of engineering and cost within the entire sys-
tem. For this purpose, an existing biogas-fueled cogen-
eration plant was examined, the design deficiencies of
these existing systems were determined, and a new sys-
tem was proposed. A cost analysis was performed by
comparing the existing system with the proposed new
design. Thus, it is aimed to provide readers, designers,
and engineers with a new perspective on exhaust pipe
design, demonstrating that design changes can lead to
more cost-effective and efficient engineering solutions.

2. Site Inspection

2.1. Biogas Plant

In order to increase the effectiveness of this study, a
field study was conducted at the Izaydas (Izmit Waste
and Residues Treatment, Incineration and Evaluation
Inc.) facility. Izaydas is the first hazardous and indus-
trial waste incineration and disposal facility in Turkey.
Operating under the Kocaeli Metropolitan Municipali-
ty, the facility has an integrated infrastructure that al-
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lows both domestic and industrial waste to be disposed
of without harming the environment. The facility offers
services such as waste incineration, biogas production,
hazardous waste storage, and energy production. The
facility uses cogeneration systems to recover the energy
generated during waste disposal, and generates electric-
ity and heat. The facility converts organic waste into an
energy source by using the anaerobic digestion method
during the biogas production process. The stored biogas
is transmitted to the cogeneration engines. The electri-
cal energy generated in the engines is transferred to the
grid, while the heat released is used in energy systems
or in-plant operations. The cogeneration system of the
facility is shown in P-Figure 1.

Figure 1. Biogas fueled cogeneration unit a) General view b) Gas
Engine

2.2, Exhaust Pipe Production Facility

An inspection was carried out at the Rotek Exhaust
Pipe System factory to observe the exhaust pipe pro-
duction on site. In the inspections, it was seen that the
designers manufactured the exhaust pipe in accordance
with EN 1856-1 [17] standards. In the exhaust pipe de-
sign, the exhaust pipe height, diameter, and material
are determined based on EN 13384 [18] standard. Dif-
ferent types of exhaust pipes are shown in P-Figure 2.
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Figure 2. Types of exhaust pipes a) General view b) Insulated pipe

3. Material and Method

3.1. Material

The main source of CFD analysis in cogeneration plants
is the gas engine. Calculations are made by considering
the data sheet information given according to the
type of gas engine. In this manuscript, the J 208 GS/
C21 General Electric Jenbacher gas engine is used as
the gas engine. The J 208 GS/C21 is a gas engine with
approximately 330 kW electricity and 480 kW heat
production capacity. Thanks to the cogeneration (CHP)
system, total energy efficiency can reach 85-90% [19].
The engine offers flexibility by operating with various
combustible gases such as biogas and natural gas. The
biogas produced by the plant from organic waste is
converted into energy by this engine. The gas engine is
shown in P-Figure 3 and the data sheet parameters are
shown in P-Table 1.

CE certified high temperature and corrosion resistant
products in accordance with EN 1856 -1 [17] and EN
1859 [20, 21] standards were selected for the exhaust
pipes of the system. Since these products are made of
stainless steel, they are resistant to corrosion from the
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exhaust gas [22]. Considering these references, a 1 mm
thick @180 mm diameter AISI 304 stainless steel ex-
haust pipe was selected. 50 mm thick, 80 kg/m3 density
rock wool thermal insulation was applied on the inner
pipe. As the outermost coating, an exhaust pipe made of
0.50 mm thick AISI 430 quality stainless steel was se-
lected in order to ensure that the exhaust pipe is located
outside the building and is resistant to rain effects.

Figure 3. General Electric Jenbacher J 208 GS-C21 Gas Engine

Table 1. Gas Engine Data Sheet

Parameter Unit Value
Exhaust gas temperature at full load °C 508
Exhaust gas temperature at bmep = 12.4 [bar] °C ~527
Exhaust gas temperature at bmep = 8.3 [bar] °C ~546
Exhaust gas mass flow rate, wet kg/h 1.858
Exhaust gas mass flow rate, dry kg/h 1.725
Exhaust gas volume, wet Nms3/h  1.444
Exhaust gas volume, dry Nm3/h  1.278
Max. admissible exhaust back pressure after engine  mbar 60

3.2. Method

In order to evaluate the effects of exhaust pipe design
on energy efficiency and cost effectiveness, software
performing CFD analysis was used, taking EN 13384-1
[18] standard as reference. Kesa Aladin program [23,
24], which was also used in previous studies, was used
to optimize gas flow, pressure loss, and diameter calcu-
lations for exhaust pipe design. Solidworks was used for
3D design of exhaust pipe, and Solidworks Simulation
[25, 26] software, which can be used in structural anal-
ysis, was used for static analysis. Wind load equations
expressed in TS 498 standard [27] were used in struc-
tural analysis [28, 29, 30]. Cost analysis was performed
using Excel program for Material Quantity and Cost
Analysis.

4. Results and Discussion

4.1. Exhaust Pipe Calculation and CFD Analysis

The full-load operating parameters of the Janbacher J
208 GS-C 25 gas engine used in the system are report-
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ed by the manufacturer. In addition to the gas engine
data sheet information, the information provided by the
boiler and silencer manufacturer is presented in PTa-
ble 2. The total thermal capacity of the gas engine (851
kW), exhaust flow rate (1858 kg/h), exhaust outlet tem-
perature (508 °C), and pressure losses in the exhaust
pipe system are shown in detail.

Table 2. Data Summary for CFD analysis

Motor Type: Janbacher Gas Engine J 208 GS-C 25

Specification Full Load Unit

Thermal capacity (Total) 851 kw

Exhaust gas mass flow rate 1858 kg/h
Exhaust gas temperature 508 °C

Max. admissible exhaust back pressure 6 kPa
Boiler inlet temperature 508 °C

Boiler outlet temperature 161 °C

Boiler pressure loss 0.95 kPa

Silencer pressure loss 1 kPa

Cap —=o

Exhaust Pipe 2 @219 ——

Exhaust Pipe 1 @ 273 ——

4.1.1 The Existing System

The current system is shown in P-Figure 4. The system
consists of a gas engine, boiler, muffler, and exhaust
pipe. The exhaust pipe has a section with a diameter
of @ 273 mm and another section with a diameter of @
219 mm. To ensure the exhaust pipe remains self-sup-
porting, its thickness has been increased, and it has
been supported by a base plate and flags mounted on
the cabinet.

The performance analysis of the existing exhaust pipe
design, based on the information in P>Table 2 and PFig-
ure 4, was performed using the Kesa Aladin software in
accordance with EN 13384-1 standard. The calculation
result is shown in PFigure 5.

According to the calculation results, it has been shown
that the current exhaust pipe design complies with the
standards by meeting both temperature and pressure
requirements.

4.1.2 The Proposed New System

Within the scope of the originality of this study, im-
provements have been made to the existing design. Ac-

Reactor

Gas Engine —| S

[
jiptallf

Boiler
Figure 4. The Existing System Design
- Atik gaz E |

Igletme tard Plana gére pozitif basing ile, Nemli
Kosul Formiil igar. Birim High Fire
Basing sarti Pzoe-Pzo Pa 0 +++
Pos. Pressure at Entry Pex-Pzo Pa 43987 +
Pos. Pressure inside Connector  Pew-Pzo Pa 27556 +
Sicaklik gartlarn tict-tg *C 483 +++
Sicaklik gartlarn tiro-tg *C 480.9 +++
Ek bilgi
Atk gaz tesisati
Atk gaz hizi W mis 3246

Standart EN 13384-1"in/in tim sartlar yerine getirilmistir. Atk gaz sistemi standarta

uygun bir sekilde yapilandinimigtir.
Uyarnilar Cihazin gergek itme basinc 2247 4 Pa.

Figure 5. Results of the exhaust cross-section calculations for the existing system
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cordingly, the existing silencer is positioned horizontal-
ly, whereas the silencer in the proposed improvement is
designed vertically. This way, the length of the exhaust
pipe route is reduced, which will decrease the exhaust
pipe lengths and resistance losses. The reduction in
length and resistance losses represents an engineering
improvement and thus leads to more optimal draft. The
proposed new system is shown in P-Figure 6.

Based on the information in PTable 2 and PFigure 6,
the performance analysis of the existing exhaust pipe
design was performed with Kesa Aladin software in
accordance with EN 13384-1 standard. The calculation
result is shown in P-Figure 7.

According to the calculation results, with the route
modification, it has been observed that draft is achieved
in the proposed new exhaust pipe design by selecting an
exhaust pipe diameter of @180 mm, and that it complies

Cap

p=2

Exhaust Pipe @180 —

-

i

Steel Construction —

Silencer\r
ML

PR —

with the standards by meeting both temperature and
pressure requirements.

4.2. Wind Load Calculation and Structural Analysis
for The Proposed New System

4.2.1 Load Calculation for Wind Load Analysis

Wind load values are needed to evaluate the durability
of the exhaust pipe and silencer design used in the
project. The wind pressure acting on the upper surface
of the structure is given in the equation below [27].

W = Cyq (1)

Here, g isthe wind pressure (Wind pressure and Suction
pressure) (kN/m?), and Cp is the suction coefficient.

Reactor

Gas Engine —

(]

Boiler

Figure 6. Design of The Proposed New System

7 [_l—[
£ TN N

Hesaplamanin sonucu - Atik gaz tesisat:

1sletme tlrd Plana gore pozitif basing ile, Nemli

Kosul Formiil isar.  Birim High Fire
Basing sarti Pzoe-Pz0 Pa 0 R
Pos. Pressure at Entry Paxc-Pz0 Pa 27955 +
Pos. Pressure inside Connector PexPzo Pa 158.4 +
Sicaklik sartlar -ty "C 4804 4+
Ek bilgi

Atk gaz tesisat

Atk gaz hiza Wi mis 49.17

Standart EN 13384-1"in/in tim sartlan yerine getirimigtir. Atk gaz sistemi standarta
uygun bir sekilde yapilandinimistir.

Figure 7. Results of The Exhaust Cross-Section Calculations for The Proposed New System
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C, is determined depending on the different wind
directions for the surface under consideration. Wind
pressure acts perpendicularly to the surface. In tower
type structures such as exhaust pipes, this value is
taken as 1.6. Thus, wind pressure in the exhaust pipes
is expressed as follows [27].

W=16 g 2)

Wind pressure is determined by the following equation.

9= 3)

If the approximate unit volume mass of air is taken as
q = 1.25 kg/m3, and the acceleration due to gravity is
substituted in m/s?, the wind pressure is expressed in
the following equation.

p2

1600

q= (4)

Although different wind speeds may occur due to lo-
cal topographic conditions, in general, the wind speed
is shown in PTable 3, according to the values spec-
ified in TS 498 September 2021 standard [27], based
on the structure’s height above the ground. This table
also summarizes the wind pressure associated with the
speed, in practical terms.

Due to local topographic conditions, different wind
speeds may occur, and these speeds may deviate from

the given values. Therefore, considering that the wind
effect will be severe in structures located at high alti-

V5 —

V4§ —

7m

Vi —

V2 —

11—

Container

3m

a)

Figure 8. Schematic representation a) Exhaust Pipe b) Wind Pressure
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Table 3. Summary of Wind Speed and Wind Pressure Based on
Height [27].

Height above ground Wind speed Wind pressure
(m) v (m/s) q (kN/m?)
0~8 28 0.5
9~20 36 0.8
21 ~100 42 1.1
>100 46 1.3

tudes or on steep slopes, the wind pressure should be
taken as q = 1.1 kN/m? [27].

Taking into account the wind pressure, the wind load
acting on the exhaust pipe system is calculated using
the following equation.

Fo=qcH (5)
Fo = 12{?0 cH (6)
C=mnD, )
D,=D,+2¢ (8)

Here, v represents the wind speed at different heights
and speeds, F;, represents the wind load, H represents
the ground height, c represents the exhaust pipe outer
wall perimeter, t; represents the insulation thickness,

1.6 * q=1.28 kKN/m? s »

2m

1.6 * q=0.80 KN/m?> =

w
8m
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D, represents the pipe inner diameter, and D,
represents the pipe outer diameter after the insulation
coating.

Here, when D, is taken as 180 mm and t; as 50 mm,
D, has been determined as 280 mm. The distribution
of the wind load on the exhaust pipe is schematically
shown in PFigure 8. Since the length of the proposed
new exhaust pipe on the cabinet is 7 m, the load distri-
bution has been considered accordingly.

As seen here, different wind loads are effective in the
first 5 m and the following 2 m lengths of the exhaust
pipe, due to the change in wind speed. Therefore,
customized wind load calculations are shown in the
equations below. Thus, wind load calculations are made
for different wind speed (V) and ground height (H)

combinations.
F, =16 v:cH, (9)
F, =1.6v2cH, (10)

Here, ;=28 m/s, H; = 8 m, v; = 36m/s, H; =2 m, so
F,=5.52 kN, and F,=2.28 kN are found.

4.2.2 Structural Analysis

In the above section, the wind load calculations and the
weight of the system have been defined as a force on the
exhaust system in the structural analysis module. Al-
though it is possible to apply different loads to differ-
ent regions in accordance with the standards, in this

project, a single force of 5.52 kN, the maximum wind
load-critical load, has been applied equally across the
entire system. The purpose of selecting the critical load
in the calculations is to test the maximum durability in
all areas of the exhaust pipe design.

Before the structural analysis, the 3D design of the ex-
haust pipe was made in the academic-student module
of the Solidworks program. The 3D design is shown in
»Figure 9.

The 3D design of the exhaust pipe was created in the
SolidWorks (academic-student simulation model) pro-
gram, and the steel construction was included in the
simulation model as fixed to the ground. A total of
167691 nodes and 83229 elements were used in the anal-
ysis. In addition, mesh quality analysis was performed
in the study. Mesh quality was found to be a minimum
of 0.052 and maximum 0.99. The Fixed Support, Mesh
structure, and load definitions have been established.
While defining the loads, wind load and system weight
were taken into account. Wind load was defined in the
program so that it would apply to both the exhaust pipe
and the construction. The Fixed Support, mesh struc-
ture, and load definitions are provided in PFigure 10.

Carbon steel (S275JR) has been used in the design of
the construction and silencer, while AISI 304 grade
stainless steel materials have been used for the exhaust
pipe. These materials have been defined within the
SolidWorks simulation module. Subsequently, finite el-
ement analysis was performed. The finite element anal-
ysis is shown in P>Figure 11.

ITEM NO. PART NUMBER MATERIAL QTY.
1 Container ST37 1
2 Silencer ST 37 1
3 Upper Chimney AlSI 304 1
4 Flans ST37 3
5 KonstrUksiyon ST37 1
6 Clamp ST 37 4
7 cap ST37 1

Figure 9. Exhaust Design for The Proposed New System

@ European Mechanical Science (2025), 9(2)
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Accordingly, the maximum stress on the exhaust pipe
was found to be 108.691 MPa according to the Von Mis-
es criterion. This value is within safe limits compared
to the yield strength of the steel material used (170
MPa). Thus, it was seen that the exhaust pipe is approx-
imately 1.56 times more resistant to the loads caused
by wind and the weight of the system. In the deforma-
tion analysis, the displacement and strain values of the
exhaust pipe were examined in detail. With the rise of
the exhaust pipe upwards, it was determined that the
displacement values in some areas were a maximum of
0.13 mm. This value is within acceptable limits for the
system and does not threaten the stability of the design.

4.3 Exhaust Design Cost Relationship

The proposed new exhaust system has shown that it

a)

meets the system requirements in terms of both CFD
and structural analysis, just like the existing working
exhaust system, even when the pipe route is reduced. In
this section, cost analysis is performed by comparing
the costs of the proposed new system that meets the
system requirements with the existing system. The cost
of the existing system is shown in P>Table 4, and the cost
of the proposed new system is shown in P>Table 5.

As a result of the cost analysis, it was determined that
the total cost of the existing exhaust pipe system was
5,133.00 USD. However, thanks to the design optimi-
zations and savings in material usage, the cost was re-
duced to 2,402.80 USD. This means a cost reduction of
approximately 53%. This saving was achieved by opti-

Model name: Assem?2
Study name: Static 1(-Default-)
Plot type: Mesh Quality1

b)

Figure 10. Design definitions: a) Fixed support b) Mesh configuration and load definitions

von Mises (Nfram”2 (MPa))
108,691

— l 97,622

. 86953

. 76,083

65,214

54,345

43,476
. 32,607
2,738
10,860

0,000

a)

Figure 11. Finite element analysis: a) Von Mises b) Deformation
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UIRES {rmirm)
1,200e +01
l 1,161e+01
_ 1,032e401

. 9,033e+00
7,743e+00

6,452e+00

5,162e+00

3,871e+00

2,581e+00
1,290 +00

1,000e-30

b)
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Table 4. The Cost of The Existing System

No Description Quantity  Unit Total

Vertical Sistem

1 @219 Length module 3.0 pc $270.00
2 @219 Adaptor 1.0 pc $90.00
3 @219Cap 3.0 pc $675.00
4 @273 Length module 3.0 pc $300.00
5 @273 Condense module 1.0 pc $120.00
6 @ 273 Te Module 1.0 pc $120.00
7 @273 Base plate and ribs 1.0 pc $846.00
support
8 (273 Flanges 0.0 pc $0.00
Connection pipe
9 @219 Length module 7.0 pc $630.00
10 @219 Adaptor 2.0 pc $180.00
11 @219 Te module 2.0 pc $216.00
12 @219 Dirsek 90 2.0 pc $216.00
13 @219 Dirsek 45 3.0 pc $270.00
14 @219 Flanges 10.0 pc $1,200.00
Total amount: $5,133.00
Table 5. The Cost of The Proposed New System
No Description Quantity  Unit Total
Vertical Sistem
1 @180 Length module 6.0 pc $168.80
2 (180 Cap 3.0 pc $210.00
3 @180 Condense module 1.0 pc $33.60
4 @180 Te Module 1.0 pc $33.60
5 @180 Flanges 4.0 pc $480.00
6 (@180 Steel construction 1.0 pc $500.00
Connection pipe
7 @180 Length module 2.0 pc $56.00
8 (180 Adaptor 2.0 pc $56.00
9 (180 Dirsek 90 1.0 pc $33.60
10 @180 Te Module 2.0 pc $112.00
11 @180 Flanges 6.0 pc $720.00
Total amount: $2,402.80

mizing elements such as CFD analysis, structural anal-
ysis, exhaust length, exhaust pipe diameter, material
thickness, and elbow design. Achieving the same du-
rability and efficiency targets with less material usage
offers a significant advantage in terms of both econom-
ic and environmental sustainability. This study clearly
demonstrates the potential benefits of cost-effective de-
sign applications in industrial facilities.

The cost analysis in this study shows that the cost anal-
ysis of exhaust design is of great importance in terms of
increasing recycling rates by encouraging cogeneration
systems, achieving energy efficiency targets, and com-

@ European Mechanical Science (2025), 9(2)

plying with environmental sustainability principles.

5. Conclusions

As a result of the examinations and analyses, it has
been revealed that the correct design and positioning
of exhaust pipes used in biogas-fueled cogeneration
systems are of critical importance in terms of both effi-
ciency and cost. In the current system, the horizontally
positioned silencer and long exhaust pipe line increase
pressure losses and cause unnecessary material usage,
making the design costly. The proposed new design,
thanks to the shorter pipe route, not only met the re-
quired standards but also achieved a safe structure by
using much smaller diameter and material thickness.

The data collected during the field survey and the pro-
posed new system were evaluated using CFD and struc-
tural analysis methods; the results obtained showed
that there were significant improvements that directly
affected the system efficiency and cost. In the current
system, it was observed that the gas engine exhaust op-
erating at 508 °C and 1858 kg/h flow (total 851 kW ther-
mal capacity) was carried by two different pipe sections
with diameters of 273 mm and 219 mm. In the analysis
of this design, it was determined using the Kesa Aladin
software that it complied with the standards in terms of
pressure losses and gas flow, but created high costs due
to unnecessary material usage.

On the other hand, in the new proposed system, the
exhaust line was shortened by positioning the silencer
vertically, the diameter was optimized as @180 mm and
the material thickness was reduced. In the CFD analy-
sis, it was seen that the temperature and pressure con-
ditions required by the standards were also provided
with this new design. Solidworks Simulation was used
in structural analyses; under the wind load (critical
condition defined as approximately 5.52 kN) and the
weight of the system, a maximum Von Mises stress of
108.691 MPa was calculated. This value corresponds to
a safety factor of approximately 1.56 when the materi-
al yield strength (170 MPa) is taken into account. The
maximum displacement under the same conditions was
determined to be only 0.13 mm, thus confirming that
the design has sufficient stability.

The cost analysis results are one of the most striking
findings in the project. While the total cost of the exist-
ing system was calculated as 5,133 USD, this amount
was reduced to 2,402.80 USD with the new proposed
design. A cost reduction of approximately 53% has
been achieved, demonstrating that the use of a shorter
exhaust route, smaller diameter, and thinner material
not only ensures compliance with standards but also
provides a significant economic advantage.

As a result, the new design approach, which is verified

both in terms of fluid dynamics and structural aspects,
combines efficiency, safety and economic criteria in
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a holistic way. This study reveals that it is possible to
achieve high performance at lower costs in biogas-fu-
eled cogeneration plants and that the same method can
be generalized in similar applications.

In future studies, long-term performance of high tem-
perature and corrosion effects can be investigated by
using advanced material combinations or multi-layer
exhaust systems. In this context, processing the ob-
tained data with optimization algorithms will allow for
more comprehensive improvement of exhaust systems
in terms of both cost and energy efficiency. Thus, adopt-
ing the same methods in similar biogas and cogenera-
tion plants will provide a guiding approach for both op-
erators and engineering applications.
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