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Conventional diesel engine, hydraulic hybrid, and fully electric powertrain
structures were modeled to assess fuel consumption in a sample urban
refuse collection truck. The components utilized in the modeling include
an internal combustion engine, transmission, electric motor, and battery.
To this end, the vehicle's driving cycle is initially analyzed and
characterized. The target vehicle is a light duty N series Isusu 8 tones
truck. Based on the simulations conducted in the MATLAB/Simulink
environment, the hydraulic hybrid configuration demonstrated the lowest
fuel consumption for the Refuse truck vehicle, achieving 27.6 liters of
diesel fuel per 100 kilometers. The fully electric configuration exhibited a
fuel consumption value closely approaching that of the hydraulic hybrid.
Eventually, based on the obtained results, the layout of the equipment for
the finalized configurations was designed in the Autodesk Inventor
software environment.

1. Introduction

With the rapid economic growth and
infrastructure development driven by
urbanization and motorization in developing
countries, the demand for fossil fuel-based
transportation is increasing swiftly. This surge
contributes to greenhouse gas emissions and
urban air pollution, adversely affecting residents'
health and diminishing overall urban well-being.
Consequently, identifying efficient solutions to
mitigate greenhouse gas emissions is of
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paramount importance. One such solution is the
adoption of hybrid vehicles in both urban and
non-urban environments. A hybrid vehicle
utilizes two or more power sources for
propulsion, typically combining a diesel or
gasoline internal combustion engine with a
secondary electric or hydraulic power source. Air
pollution poses both environmental and societal
challenges, generating numerous adverse effects
on human health, ecosystems, and climate. Air
quality in urban areas is a critical factor directly
influencing the incidence of diseases [1]. To
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reduce fossil fuel consumption and carbon
dioxide emissions, it is imperative to replace
conventional propulsion systems with advanced
alternatives. The wuse of hybrid vehicles
represents a viable strategy to address this issue
[2]. Research indicates that hybrid powertrains
can significantly reduce fuel consumption in
urban vehicles [3]. refuse trucks, due to their
specific operational requirements, necessitate
propulsion systems that outperform conventional
diesel trucks. The use of diesel trucks in this fleet
often faces challenges, as their internal
combustion engines frequently operate in low-
efficiency regimes. Moreover, a substantial
portion of the energy generated by the engine is
dissipated through frictional braking during
deceleration. In recent years, significant
advancements have been made in technologies
aimed at reducing energy consumption and
emissions. These include alternative fuels such as
compressed natural gas (CNG), hydraulic or
electric regenerative braking systems, hybrid
hydraulic and electric powertrains, and fully
electric trucks. These solutions not only enhance
fleet efficiency but also mitigate environmental
impacts. Key parameters, such as driving cycles
and the loading cycles of auxiliary hydraulic
systems, play a critical role in evaluating and
optimizing hybrid or fully electric powertrains.
These parameters are essential for predicting and
analyzing fuel consumption, emission levels, and
vehicle performance during the
design,simulation, and testing phases. The
derivation of driving cycles is influenced by
multiple factors, including vehicle type and
application, traffic conditions, weather, data
collection timing, and driver behavior, all of
which can significantly affect the outcomes.
Thorough analysis of these variables can enhance
the accuracy of hybrid system design and
optimization.

The operational cycle of refuse trucks comprises
repetitive  phases, including acceleration,
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constant-speed cruising, braking, and stopping.
During each cycle, a considerable amount of the
truck’s kinetic energy is dissipated through
frictional braking. This energy loss substantially
impacts fuel consumption and overall system
efficiency.

During stops, municipal waste is mechanically
loaded into the truck’s receptacle. The power
required for this process is supplied by an
auxiliary hydraulic system, with its pump
connected to the internal combustion engine via
the power take-off (PTO) shaft. To enhance the
performance of mechanized systems during this
phase, the driver increases engine speed to deliver
greater power to the PTO and, consequently, the
hydraulic pump. This process typically leverages
optimized mechanized designs to maximize
operational efficiency. However, advanced
methods, such as kinetic energy recovery and the
integration of modern technologies, can further
reduce energy losses and improve system
efficiency.

1.1 Hydraulic Hybrid

Filippi et al. [4] proposed a hydraulic hybrid
powertrain for a heavy-duty vehicle to reduce
fuel consumption and emissions. In their
proposed configuration, the internal combustion
engine is not directly connected to the wheels;
instead, power transmission to the wheels is
facilitated through a hydraulic pump, realizing a
series hydraulic hybrid structure. To optimize
fuel consumption, the internal combustion engine
operates in its most efficient regime, controlled
by a thermostatic controller. Through modeling
and simulation, they observed a remarkable 72%
reduction in fuel consumption. Similarly, Zou et
al. [5] introduced a series hydraulic hybrid
powertrain for a passenger vehicle operating
under the Urban Dynamometer Driving Schedule
(UDDS). The key advantage of their
configuration lies in the internal combustion
engine functioning within its optimal efficiency
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range, leading to reduced fuel consumption.
Compared to a conventional vehicle and
validated through experimental results, they
achieved a fuel consumption reduction of
35.59%. Barbosa et al. [6] developed a hydraulic
hybrid system to reduce fuel consumption in a
vehicle weighing 1100 kg. By deriving the
driving cycle of the target vehicle and validating
their model, they reported a 37% reduction in fuel
consumption compared to the conventional
configuration. Kim and Rousseau compared
electric and hydraulic hybrid systems for a truck
across various driving cycles. Their findings
indicated that in aggressive driving conditions,
the electric  hybrid exhibited  superior
performance and fuel consumption reduction
compared to the hydraulic hybrid. However, in
non-aggressive driving scenarios, such as urban
environments, the hydraulic hybrid outperformed
the electric hybrid. This is primarily due to the
significant energy recovery during braking in
urban driving cycles, which enhances the
efficiency of hydraulic hybrid systems through
repeated regenerative braking. Additionally, they
demonstrated that parallel configurations, for
both electric and hydraulic hybrids, generally
outperform series configurations [7]. Makour and
Rosti investigated the performance of tractors and
loaders with a proposed hydraulic hybrid system,
determining optimal operating conditions for
these off-road vehicles [8]. In a study by Makour
et al. [9] on urban buses, the average efficiency of
a vehicle equipped with a hydraulic hybrid
system was found to be 95%, compared to 77%
for a conventional counterpart. Furthermore, the
regenerative efficiency, defined as the ratio of
energy supplied to the vehicle to the Kinetic
energy available during braking, was
approximately 40%. This efficiency could be
further improved by optimizing the volume and
operating pressure of the hydraulic accumulator.

4820 Automotive Science and Engineering (ASE)

1.2 Electric Hybrid

Lin et al. [10] proposed an electric hybrid
powertrain to reduce fuel consumption in a
heavy-duty vehicle. They employed dynamic
programming (DP) to optimize power
management for a hybrid electric truck, aiming to
identify the most effective strategy for a specific
driving cycle by minimizing a defined cost
function. Two scenarios were evaluated: one
focused solely on fuel consumption and another
balancing fuel efficiency with greenhouse gas
emissions. The comparison elucidated the
adjustments required when emission reduction is
prioritized. The proposed strategy yielded
improvements ranging from 50% to 70%. Rapp
et al. [11] conducted a comparative analysis of
emissions between conventional and electric
hybrid vehicles. Their results indicated that, over
its lifetime, a hybrid vehicle emits 4.34 g CO,, per
ton-kilometer less than a diesel truck. This
analysis underscores the benefits of electric
powertrains, with emissions offset after
approximately 15,800 km (roughly 1.5 months of
operation). The break-even point, in terms of
distance and COg, is significantly influenced by
fuel type, battery production emissions, and
driving conditions, with variations in these
parameters extending the break-even distance.

Lin et al. [12] compared fuel consumption
between conventional and electric hybrid
vehicles, employing a control strategy to
minimize fuel use. Their model-based approach
utilized dynamic programming to identify
optimal control actions for maximizing fuel
efficiency. A near-optimal control strategy was
developed and implemented using a rapid control
prototyping system, enabling flexible algorithm
tuning and accommodating various input/output
configurations. Testing on a dynamometer
demonstrated that the proposed algorithm
enabled the hybrid truck prototype to achieve a
45% improvement in fuel efficiency compared to
its non-hybrid counterpart, outperforming a
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traditional rule-based control method, which
yielded only a 31% improvement in the same
hybrid vehicle.

Lejonin  [13] examined fuel consumption
differences between conventional and hybrid
heavy-duty vehicles. Four heavy vehicle
configurations with varying weights and three
parallel hybrid systems designed for heavy-duty
propulsion were analyzed. Simulation models for
both conventional diesel and parallel hybrid
configurations were developed using the
Autonomie software and tested on real-world
routes typical of trucks in southern Finland.
Results showed that for each additional ton of
total vehicle weight, fuel consumption increased
by 0.65 to 0.95 liters per 100 km, depending on
the route. Specific fuel consumption per payload
weight (fuel per ton-kilometer) decreased by an
average of 17% as gross weight increased from
40 to 60 tons, 23% from 40 to 76 tons, and 28%
from 40 to 90 tons. Hybridization was found to
improve combined fuel consumption by up to
6%, with greater benefits observed on routes
involving more uphill driving.

Purolator, a Canadian courier company, recently
integrated hybrid electric vehicles (HEVS) into its
fleet. Bachman et al. [14] assessed the fuel
savings and greenhouse gas (GHG) reductions of
Purolator’s hybrid trucks using GHGenius, a
model developed by the Canadian government.
Their findings indicated that Purolator’s diesel
hybrid trucks reduced GHG emissions by up to
23% in urban driving and 8% on highways,
aligning with the manufacturer’s claim of up to
25% CO; reduction with HEV fleets. However,
the lifecycle costs of hybrid delivery trucks
currently render them less financially competitive
than traditional diesel trucks, with
competitiveness varying based on factors such as
truck lifespan, diesel fuel prices, assumed
discount rates, and additional costs associated
with hybrid technology.

sabet et al.

Zhou et al. [15] investigated technologies to
enhance powertrain efficiency and performance
for fuel consumption reduction in heavy-duty
trucks. Their results demonstrated that improving
engine efficiency, reducing aerodynamic drag,
and minimizing rolling resistance could reduce
fuel consumption by 6% to 13% for daily and
highway driving cycles. Hybrid technologies
were found to achieve up to 16% fuel savings,
proving economically viable for daily operations.
Kwasi-Effah and Obanor [16] presented a model
of a 1325-kg series-parallel gasoline-electric
vehicle (GEV) with a maximum power output of
57 kW from the internal combustion engine (ICE)
and 50 kW from the electric motor. Modeling and
simulation conducted in MATLAB/Simulink
demonstrated a cost-effective tool for designing
gasoline-electric vehicles, facilitating component
optimization.

1.3 Fully Electric

Kiyakli and Solmaz [17] modeled a fully electric
vehicle to calculate the energy required to
complete a driving cycle, using MATLAB and
Simulink. They investigated how various
parameters affect vehicle performance and
energy consumption. The modeling results
indicated that the electric vehicle consumes 15.82
kWh per 100 km and achieves a range of 177 km
according to the New European Driving Cycle
(NEDC), introduced in 1997. Additionally, the
vehicle was tested using the Worldwide
Harmonized Light Vehicles Test Procedure
(WLTP), which showed an energy consumption
of 17.93 kwh per 100 km and a range of 157 km.
Regenerative braking contributed to an 8%
energy saving over 100 km.

Sharmila et al. [18] developed a simplified
electric  vehicle model wusing Simscape
components in MATLAB. This dynamic model
incorporated a drive cycle source, battery, driver
controller, power converter, motor, and vehicle
subsystem. VVasam et al. [19] analyzed the impact
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of road gradient on the dynamic performance of a
three-wheeled solar electric vehicle. In India,
three-wheeled electric vehicles are a key mode of
public transportation in congested areas. Road
gradient significantly affects vehicle
performance, and their study provided a detailed
analysis of its impact on the dynamic
performance of a three-wheeled solar electric
vehicle. A physical model was created using the
Simscape environment. Aduohan et al. [20]
proposed a methodology for designing and
developing electric vehicle (EV) powertrains
through modeling, simulation, and real-world
validation. While software simulation of EV
powertrains is critical in the design process,
validating these models against real vehicle
systems is equally essential for enhancing
reliability, safety, and performance. Their
approach utilized MATLAB/Simulink for
powertrain modeling and simulation, with results
validated on a real vehicle tested on a chassis
dynamometer.

The objective of this study is to identify the
optimal powertrain configuration for minimizing
fuel consumption in the relevant driving cycle. To
achieve this, forward modeling will be employed,
where the driving cycle is defined, and the driver
uses accelerator and brake pedals to generate
signals for other components (gearbox, throttle,
clutch). These signals are processed in sequential
steps, with feedback used to refine commands. In
contrast, backward modeling feeds the driving
cycle speed into the model, determining
powertrain components based on this input.
Initially, the municipal waste collection vehicle is
modeled in its conventional form, powered by a
diesel engine. Subsequently, hydraulic hybrid
and fully electric configurations are modeled,
followed by the layout of components in
Autodesk Inventor.

In many studies on driving cycle derivation, only
vehicle speed variations over time are typically
considered, assuming constant vehicle weight

4822 Automotive Science and Engineering (ASE)

and zero road gradient. For instance, the first
driving cycle for municipal waste collection
trucks, named "NYGTCL," was developed in
1995 by West Virginia University in New York
City. The data for this cycle, as shown in Figure
1, were collected from the daily operation of a
refuse truck.

The NYGTCL driving cycle not only provides
valuable insights into the movement patterns of
municipal waste collection trucks but also serves
as a foundation for enhancing efficiency and
reducing energy consumption in the design and
development of these vehicles. This cycle
includes nine stops, three of which are dedicated
to waste collection operations. As depicted in
Figure 2, the vehicle is engaged in urban service
tasks for 75% of the cycle, with the remaining
25% allocated to transit. These characteristics are
specifically designed to enable precise evaluation
of fuel consumption and pollutant emissions by
waste collection trucks. Given that these trucks
typically operate at low average speeds with
frequent stops, analysis of this cycle vyields
critical information regarding their
environmental  performance and  energy
efficiency.

Pakdel et al. [22] derived the driving cycle for a
refuse truck vehicle in Tehran, as presented in
Figure 3. According to their analysis, the vehicle
is stationary and engaged in service-related tasks
for approximately 47% of the driving cycle.
Additionally, 19% of the cycle is spent
accelerating, 16% involves cruising at a constant
speed, and 18% is dedicated to braking. This
functional breakdown is further illustrated in
Figure 4.

In the continuation of the study, the driving cycle
described (as derived by Pakdel et al. [22] for the
refuse truck vehicle in Tehran) will be used as the
reference for modeling.
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Figure 1: Driving Cycle of the refuse truck
Vehicle [21].

Main Engine Clutch Gearbox

Work and Movement

Figure 5: Conventional Structure of the refuse
truck vehicle block diagram.

2. Structure and Modeling
2.1  Conventional Structure

The structure considered for the refuse truck
Figure 2: Chart of Work and Movement of the vehicle is depicted in Figure 5. This structure is
refuse truck vehicle. initially modeled as a forward model in the

Simulink environment.

1 The developed model in the Simulink
] environment, as shown in Figure 6, consists of
driver, gearbox, internal combustion engine, and
il , vehicle dynamics blocks.
AR L

Figure 3: Driving Cycle of the refuse truck vehicle

in Tehran [22].
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Figure 6: Modeling the conventional structure of a
refuse truck vehicle block diagram.

211 Driver Block

This block is used to follow the driving cycle and,
in effect, traverse the path at the desired input
speed. The block operates by generating a final
command signal proportional to the input error.
Specifically, the input is the error signal, and the
output of the block is the command signal, which
corresponds to motor torque and braking (these
are the block’s outputs).

Additionally, this block employs a stateflow chart
to determine the driving mode used for gear
shifting. The stateflow chart, based on predefined
driving modes and the input driving cycle,
determines the neutral (idle) and drive states. This
is illustrated in Figure 7.

driver
[P EE— |
)
Crive ] c= ace_podal()
Drive Cysle T fom
0io infl W _spd
e—
Driver rake_pedal(%)
Wiy
T T 0winfg

Figure 7: Driver block structure.
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2.1.2  The internal combustion engine (ICE)
block

as illustrated in Figure 8, performs three main
functions: idle speed control, engine torque
determination, and fuel consumption calculation.
The idle speed control sub-block calculates the
required engine torque to achieve a specified
target RPM. The torque determination sub-block
processes three inputs - idle torque, engine drag
torque, and driver-commanded torque - and uses
interpolation from the engine's torque curve to
determine the available output torque. Finally, the
fuel consumption sub-block computes the fuel
usage rates for both driving and idle operating
conditions, completing the comprehensive engine
modeling system.The specifications of the
modeled internal combustion engine (ICE) along
with required constants are presented in Table 1.

2.1.1 Gearbox Block

This block, as illustrated in Figure 9, consists of
three main components: the clutch block, gear
shifting block, and engine-to-vehicle dynamics
linkage block. The clutch block receives inputs
including driving mode, reference speed, and
actual vehicle speed to determine the clutch
engagement state. The gear shifting block utilizes
a stateflow chart to determine the optimal gear
shift timing based on the vehicle's current speed.
Finally, the engine-to-vehicle dynamics linkage
block connects the engine's output torque to the
vehicle's drivetrain system, completing the
powertrain control architecture

Figure 8: Internal Combustion Engine (ICE)
Block Diagram.
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Table 1: Internal Combustion Engine (ICE) Table 2: The gearbox specifications
Specifications.
Vehicle specifications Value
Model 5YYTS5T
Growth weight (kg) 5200 i
1st Gear Ratio 3.155
Wheel radius (m) 0.35 .
2nd Gear Ratio 1.853
Rolling resistance 0.01 .
3rd Gear Ratio 1.665
D ffici .
rag coefficlent 055 4th Gear Ratio 1.000
The Eff.ICI.e ey of 085 5th Gear Ratio 0.721
transmission (%)
. . . Reverse Gear Ratio 5.068
Gear ratio of final derive 4.1
Air density (kg/m3) 1.202 engine speed
5 .
Engine MB_OM906LA - (2) desired gear

control indictor

Engine Maximum Power 279HP@2300rpm

[ Downloaded from railway.iust.ac.ir on 2026-02-10 ]
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gear !
s o
TC

The gearbox is modeled according to the gear eng spd (rpm)
ratios specified in Table 2. Note that the reverse Chart1

gear has not been implemented in this model due lock up cluch
to operational requirements, though it can be
modeled similarly to other gears if needed. The
gear shift commands are determined using a

control indictor1

stateflow chart that processes the vehicle speed Ll pepretod | s J
status received from the driver block, with the gear shift
resulting shift commands being sent to the
gearbox block as shown in Figure 10. Figure 10:Gear Shift Control Logic block
diagram.
wn The opposing forces acting on the vehicle -

,ﬂm‘:j-” 14 MW;*EHB including gravitational force (grade resistance),
— o ed | 1| e rolling friction, and aerodynamic drag - are

H o implemented in the simulation model as shown in

Figure 11.
Figure 9: Gearbox Control block diagram.
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Figure 11: Vehicle Resistance Forces Model block
diagram.

T AT
Hydro J
\ Motor/Pump

b

Tank = . utch Gearbox

Figure 12: Hydraulic hybrid structure of the
standard refuse truck vehicle block diagram.

Figure 13:Modeling of the hydraulic hybrid
system structure of the refuse truck vehicle block
diagram.

2.2 Hydraulic Hybrid

In this structure, as mentioned, a hydraulic hybrid
auxiliary system was utilized to perform service
tasks. The setup is such that if the hydraulic
hybrid auxiliary system is charged to a certain
level, it is used for service tasks. Otherwise, the
internal combustion engine is employed to carry
out these tasks. This configuration can be seen in
Figure 12.
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Finally, this structure was modeled as shown in
Figure 13. In this modeling, the hydraulic hybrid
components discussed in previous sections were
utilized.

2.3 Fully Electric stracture

The fully electric architecture of the refuse truck
vehicle is illustrated in Figure 14. Furthermore,
the system was modeled in Simulink environment
as shown in Figure 15.

The implemented structure includes the
following modeled components: electric
motor, vehicle dynamics, driving cycle,
battery system, current distributor, output
interfaces, and auxiliary loads. For this
model, an 85 kW electric motor was used,
with specifications provided in Table 3 and
motor configuration shown in Figure 16.

Table 3: Specifications of the electric motor.

Rated power (kw) 85

Rated torque (Nm) 220
Max torque (Nm) 530
Max speed (rpm) 10000

400

300

200+

-300

0 1000 2000 3000 4000 5000 6000 7000 &000 9000 10000

Figure 16- Schematic diagram of the electric
motor.
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Figure 15: Modeling of the Full-electric configuration system structure of the refuse truck vehicle block
diagram.

3. Result and discussion
3.1 Modeling Results of Conventional
refuse truck vehicle

The simulation results of the conventional refuse
truck vehicle model (Figure 17-a) demonstrated a
fuel consumption of 1.4 liters during the driving
cycle, with fuel economy measurements of 32.42
liters per 100 kilometers and 12.76 liters during
idling operation (Figure 17-b), while Figure 27-c
illustrates the performance characteristics of the
auxiliary system.

3.2 Modeling Results of Hydraulic Hybrid
refuse truck vehicle

The simulation of the hydraulic hybrid refuse
truck vehicle after completing the driving cycle
(Figure 18-a) showed fuel consumption of 5.8
liters during idling operation and 27.6 liters per
100 kilometers during driving (Figure 18-b).
Additionally, Figures 18-c and 18-d demonstrate
the operational strategy of the service system for
utilizing dual power sources.

Automotive Science and Engineering (ASE) 4827
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Figure 17: result of the Conventional refuse truck vehicle: a. driving cycle, b. fuel consumption, c. power of
the auxiliary system.
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Figure 18: result of the hydraulic hybrid refuse truck vehicle: a. driving cycle, b. fuel consumption, c. power
of the auxiliary system, d. power of the auxiliary system.

4828 Automotive Science and Engineering (ASE)


http://dx.doi.org/10.22068/ase.2025.713
https://railway.iust.ac.ir/ijae/article-1-713-fa.html

[ Downloaded from railway.iust.ac.ir on 2026-02-10 ]

[ DOI: 10.22068/ase.2025.713 ]

3.3 The modeling results of the fully
electric refuse truck vehicle structure

as illustrated in Figure 19, indicate that after
completing the driving cycle, state of charge
(SoC), based on the specifications outlined in
previous stages, reached 55%, as shown in Figure
35, while the battery power demand was observed
to be 25 kilowatt-hours.

For better compare the structures, it is advisable
to examine the fuel consumption of power plants
for electricity generation. According to the latest
published version of the Energy Balance Sheet ,
the average efficiency of the country of Iran
thermal power plants in 2022 was 39.1%.
Accordingly, considering the calorific value of
diesel as 10.5, approximately 0.24 liters of diesel
is consumed to produce 1 Kkilowatt-hour of
electrical energy. The urban waste collection
vehicle, based on modeling results, exhibited a
fuel consumption of 32.42 liters per 100
kilometers in normal operation and 12.73 liters in
idling mode for the conventional structure. In
contrast, the hydraulic hybrid structure showed a

g_L

sabet et al.

fuel consumption of 27.6 liters per 100 kilometers
and 5.89 liters in idling mode, indicating a fuel
consumption reduction of approximately 17.59%
in driving mode and 53.73% in idling mode
compared to the conventional structure.
Furthermore, the fully electric waste collection
vehicle structure demonstrated a battery power
demand of 125 kilowatt-hours for a 100-
kilometer journey. Consequently, to generate
approximately 125 kilowatt-hours of energy
required for the waste collection vehicle to travel
100 kilometers, about 30 liters of diesel would
need to be consumed in a power plant with an
efficiency of 39.1%. The comparison of fuel
consumption across these structures is illustrated
in Figure 20.

Based on the comparison conducted, the fuel
consumption of the hydraulic hybrid structure is
lower than that of both the fully electric and
conventional structures.The layout of the
equipment for the conventional structure (Figure
21-a), hydraulic hybrid structure (Figure 21-b)
and fully electric structure (Figure 21-c) of the
refuse truck vehicle is shown in Figure 21.

Figure 19: result of the hydraulic hybrid refuse truck vehicle: a. driving cycle, b. state of charge.
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Figure 20 : Comparison of fuel consumption of structures

Figure 21 : Equipment placement : a. conventional, b. hydraulic hybrid, c. fully electric.
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Conclusion

The objective of the conducted research was to
investigate and evaluate the feasibility of
implementing new powertrain systems for a
refuse truck vehicle. Through a review of existing
studies, the target vehicle was identified, and the
parameters affecting its fuel consumption were
determined. Based on the gathered information,
several structures were proposed to reduce fuel
consumption. The proposed structures were
modeled using MATLAB/Simulink software,
and all configurations were analyzed and
simulated. The results indicated that the hydraulic
hybrid structure was the most fuel-efficient for
the refuse truck vehicle. However, the difference
in fuel consumption between the hydraulic hybrid
and fully electric structures was minimal,
suggesting that the optimal structure may depend
on the specific driving cycle of the city in
question. Finally, Autodesk Inventor software
was utilized for the equipment layout design, and
all proposed structures were implemented for the
vehicle.
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