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Abstract: The Indonesian roof tile manufacturing industry relies heavily on manual operations,
specifically in transportation and inspection processes, which creates multiple issues, such as fatigue,
injuries, human error, and reduced productivity. Various industries in the Indonesian industrial
landscape have begun embracing a problem-solving approach known as the theory of inventive
problem-solving (TRIZ) to mine solutions for industrial issues. Nevertheless, its application in the
Indonesian roof tile manufacturing industry remains unaddressed. The study aims to solve manual
handling issues in the roof tile manufacturing industry using TRIZ. Three observations were outlined
from manual roof tile transportation and inspection, followed by the formulation of engineering
contradictions (ECs). The ECs were linked with system parameters, which were used as indicators
within the contradiction matrix to extract inventive principles as solution models for conceptual
development. The concept included an automated system with a conveyor belt (#15: dynamics)
for effective transportation, automated image capture (#28: mechanics substitution) for effective
inspection, and a flipping conveyor (#25: self-service) to eliminate manual contact. Although the
study addressed several issues stemming from manual operations, mechanical analysis, prototyping,
and usability testing still require improvements.

Keywords: TRIZ; roof tile; manufacturing; transportation; inspection; conveyor; flipping mechanism;
automation; image capture; conceptual development

1. Introduction

The Indonesian roof tile transportation industry remains a highly manual process
involving operators carrying heavy stacks of tiles over their backs and shoulders [1,2].
If repeated for an extended duration, the action can develop musculoskeletal pain and
disorders related to the shoulders, spine, and knees [1,3–5].

The manual handling of 350 to 400 pieces of roof tiles for eight hours a day exposes
workers to minor and severe injury risks, such as hand and foot accidents [6]. The workers
stay in complex postures (squatting or bending) during the process where clay is fed into
the press machine for long durations (eight hours a day), specifically during the inspection
process that involves sitting crossed-legged [7]. Furthermore, manual roof tile handling
can increase the risk of product damage [1].

Rosida, Astuti, Widyaputra, Puspitasari, Seyanto, Hisjam, and Zakaria [1] emphasised
the need to increase the roof tile transportation process productivity while reducing re-
liance on manual labour, such as introducing an automated transportation system. The
system reduces manual and material handling activities while lowering the risk of occupa-
tional musculoskeletal disorders by minimising employee medical care fees (doctor visits,
medication, and hospitalisations) [8,9].
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The TRIZ, which is an abbreviation for “Theoria Resheneyva Isobretatelskehuh Zadach”
in Russian and “Theory of Inventive Problem-Solving” in English, is a systematic problem-
solving approach that could resolve the issues encountered by roof tile manufacturing
companies. The TRIZ is a method for innovative problem-solving and forecasting based
on logic and information [10]. Altshuller [11] described the method in the subsequent
steps: identifying the issue, making comparisons and correlating the issue with general
TRIZ issues, identifying a general TRIZ solution that solves the issue, and developing ideal
solutions that address the issue.

Every element that has an impact on a system is a parameter in TRIZ. The system’s
parameters are interdependent with one another. While some parameters positively in-
fluence others, some also negatively influence others. The parameters that negatively
affect one another are in disagreement with one another. A 39 × 39 contradiction matrix
(engineering parameters, ECs) is the foundation of TRIZ, which involves changing the
system to increase ideality. The matrix suggests some principles from among 40 “Inventive
Principles” after inserting improving and degrading parameters. The TRIZ method can
be used to find a solution after interpreting these principles [12]. A list of 39 “engineering
parameters” were identified after the documents were examined, which leads to contention
(between improving features and worsening features). Table 1 lists 40 inventive principles
for problem-solving that have been defined [11].

Table 1. Engineering parameters and inventive principles of TRIZ [10].

Engineering Parameters Inventive Principles

1 Weight of moving object 21 Power 1 Segmentation 21 Skipping
2 Weight of stationary object 22 Loss of energy 2 Taking out 22 Convert harm into benefit
3 Length of moving object 23 Loss of substance 3 Local quality 23 Feedback
4 Length of stationary object 24 Loss of information 4 Asymmetry 24 Intermediary
5 Area of moving object 25 Loss of time 5 Merging 25 Self-service
6 Area of stationary object 26 Quantity of substance 6 Universality 26 Copying
7 Volume of moving object 27 Reliability 7 Nested doll 27 Cheap short living objects
8 Volume of stationary object 28 Measurement accuracy 8 Anti-weight 28 Mechanics substitution
9 Speed 29 Manufacturing precision 9 Prior counteraction 29 Pneumatics and hydraulics

10 Force (intensity) 30 Object-affected harmful 10 Preliminary action 30 Flexible shells and thin films
11 Stress or pressure 31 Object-generated harmful 11 Beforehand cushioning 31 Porous materials
12 Shape 32 Easy of manufacture 12 Equipotentiality 32 Color changes
13 Stability of the object 33 Ease of operation 13 The other way round 33 Homogeneity
14 Strength 34 Ease of repair 14 Spheroidicity-curvature 34 Discarding and recovering
15 Durability of moving object 35 Adaptability or versatility 15 Dynamics 35 Parameter changes
16 Durability of nonmoving object 36 Device complexity 16 Partial or excessive actions 36 Phase transition
17 Temperature 37 Difficulty of detecting 17 Another dimension 37 Thermal expansion
18 Illumination intensity 38 Extent of automation 18 Mechanical vibration 38 Strong oxidants
19 Use of energy by moving 39 Productivity 19 Periodic action 39 Inert atmosphere
20 Use of energy by stationary 20 Continuity of useful action 40 Composite materials

The TRIZ is currently applied more frequently in Six Sigma processes, project man-
agement, risk management, and innovation initiatives. The method solves problems by
analysing repeatability, predictability, and reliability through the study of problem and
solution patterns [13]. The three underlying hypotheses of TRIZ, “contradictions”, state
that any evolving system should resolve several contradictions that arise as a result of
evolutionary trends, desires, or opportunities for system development. The TRIZ model of
contradictions also adds a structured vision that connects characters and defines contradic-
tions to those applying the model. The process occurs by expressing the contradiction on
two levels: the “engineering contradiction”, which represents the opposition between two
system evaluation parameters and the “physical contradiction”, which defines two states
of the system action parameter that satisfy each conflicting objective [14].

Studies have examined the use of TRIZ in the development of construction techniques
and technologies, such as [15] detailing the step-by-step TRIZ analysis of the development
of formwork technology. The formwork patent examination is based on the 40 inventive
principles where the top 5 that appeared most frequently were culled from an analysis
of 176 Taiwanese patents from 1975 to 2005. The guiding principles include prior action,
combining, segmentation, cushioning in advance, and mediator. The work provided sev-



Buildings 2022, 12, 1456 3 of 15

eral examples of each principle to illustrate how formwork technology has advanced. The
contradiction matrix was employed to predict future development trends that identified
the formwork engineering industry’s future innovation trends, which included the follow-
ing creative principles: “Inversion, Segmentation, Property Transformation, Mechanical
System Replacement, and Extraction”. Observably, TRIZ offers a methodical approach to
technology research and analysis of construction technologies.

Figure 1 depicts a method developed by Akay, Demıray, and Kurt [12] for using TRIZ
to address manual handling problems. The study emphasised that rather than focusing
on a few particular issues, it was important to identify all factors that had an impact on
people. In addition, how “Inventive Principles” are interpreted is crucial for applying
TRIZ to manual handling issues. The proposed TRIZ methodology may prove to be an
effective tool for reducing manual handling issues, according to the authors’ conclusion.
Additionally, it can be used by engineers and workers who lack or have not yet acquired a
thorough understanding of ergonomics and human factors.
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Figure 1. TRIZ methodology for solving human factors (adopted from [12]).

The TRIZ aids in identifying and codifying universal principles of creativity to make
the creative process more predictable [16]. The TRIZ has been employed more frequently
in various Indonesian industries and sectors, such as the food industry, healthcare industry,
electronics industry, and transportation [17–21]. Several researchers have also successfully
integrated the use of TRIZ tools with other methods, such as Kansei engineering, lean
approach, environmentally conscious quality function deployment (ECQFD), and design
thinking [17,18,20,22]. The TRIZ is a versatile, innovative method that has been used in
manufacturing and production for continuous improvement [23] in numerous industries in
Korea [24] and in education to enhance students’ and educators’ problem-solving skills [25].

The use of TRIZ has become increasingly popular in solving many industrial problems
and has reached a maturity level in the TRIZ evolution stages [26]. The method has
been utilised by companies such as Siemens, NASA (National Aeronautics and Space
Administration), Procter and Gamble, General Motors, BMW (Bayerische Motoren Werke),
Schneider Electric, Apple, Ford Motor Company, Motorola, and Xerox [27,28].

Kim and Cochran [29] addressed the TRIZ method for axiomatic design content.
The TRIZ method was framed by Cavallucci and Weill [30] for use during the design
process. The TRIZ method was used by Ming Kaan et al. [31] to address the issue of
environmental protection during the product development process. The use of TRIZ was
mentioned by Cavallucci et al. [32] as a way to incorporate creativity into the design
process. The application of QFD and TRIZ together in product development was covered
by Yamashina et al. [33]. Mann [34] also covered the application of the TRIZ method in
design using various examples. In order to enhance a manufacturing system, Stratton and
Mann [35] combined the Theory of Constraints (TOC) and TRIZ. The application of TRIZ
in engineering designs was discussed by Ishihama [36]. In order to simplify the product
structure, Bariani et al. [37] combined TRIZ methods and “Design for Manufacture and
Assembly” (DFMA) to decrease the number of parts. In an effort to replace metal parts
with plastic ones, Cascini and Rissone [38] attempted to use product design tools with
the TRIZ method; they were successful. The vibration, noise, and energy loss issues in
hydraulic disc brake systems were resolved by Mao and Tseng [39] using the TRIZ method.
In order to solve the issues that arise because of high pressure and temperature in the plastic
materials of valve systems, Tsai et al. [40] used the TRIZ method. A computational design
exploration technique called GA+TRIZ was introduced by Khodadadi and von Buelow [41].
It helps designers define the design problem precisely, create a parametric model with the
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right variables, find a number of workable solutions, and resolve any conflicts between
competing design goals. A proposal for eco-innovation in renewable energy was made by
Alvarez et al. [42] and is based on knowledge management, TRIZ methodology, and exergy
analysis. Mansoor et al. [43] presented the potential TRIZ modelling approaches for issues
relating to green roofs and showed how to use the TRIZ database of creative principles and
ground-breaking solution approaches.

Even though the TRIZ method has been used by researchers and industry workers
for decades, it has only been applied frequently to product development, which is actually
insufficient. The TRIZ method is employed as a technique for solving technical issues, as has
been observed in all studies conducted to date. However, there has not been any research
on using the TRIZ method to address both technical and usability engineering issues in
the literature. Moreover, TRIZ usage in the construction and building industry is still quite
limited, and further research is needed, as concluded by Renev and Chechurin [44]. TRIZ
method can be applied to every industry and every branch of service. Nonetheless, its
use in addressing the manual issues in the Indonesian roof tile manufacturing industry,
specifically in the transportation and inspection process, remains unknown. The study
proposed a solution to the issues in the roof tile manufacturing industry using TRIZ with
an emphasis on the roof tile transportation and inspection system.

2. Methods

A typical roof tile manufacturing system comprises multiple processes, including
the mixing of raw materials, forming or shaping process, pressing, incineration, and
inspection [45]. The study highlighted the transportation and inspection process after
the incineration. The qualitative method and direct observations were adopted in the
study. The primary observations within the transportation and inspection processes were
identified based on relevant past studies, including (a) the entire roof tile transportation
system is manual [1]; (b) the entire roof tile inspection system is manual [1,46,47]; (c) the
operators can manually handle and touch the tiles during the inspection [7].

Relevant research questions (RQs) were formulated based on the aforementioned
observations as follows:

RQ1: How can TRIZ be used to resolve the manual labour contradictions in the transporta-
tion and inspection process of the Indonesian roof tile manufacturing industry?
RQ2: What are the inventive steps of the solution used to address the manual issues in the
roof tile transportation and inspection process?

The methodology chosen to be included first in the newly proposed solution is TRIZ,
based on the direct observation and formulation of the study hypothesis. Classical TRIZ
involves the systematic analysis of patents and engineering origin [48]. The classical TRIZ
tools used in the study were the engineering contradiction, system parameters, matrix of
contradiction, and 40 inventive principles (the solution models to the proposed ideas).

Problem formulation, contradictions, and inventive principles are the most critical
and useful tools for novel idea development, which direct the search for solutions with
the greatest possibility of success in replacement of traditional trial and error methodolo-
gies. The Problem Formulation was performed with a cause-and-effect graph to identify
contradictions. A crucial aspect of TRIZ is overcoming contradictions without making
compromises. The Contradiction Table is a 39 × 39 matrix of engineering parameters that
identifies at least one of 40 Inventive Principles to solve an identified contradiction. The
engineering contraindications perform best in conjunction with the inventive principles as
they are general principles for solving technical issues.

2.1. RQ1: TRIZ in Resolving Manual Labour Contradictions
2.1.1. Engineering Contradictions

Several engineering contradictions (ECs) can be formulated using the “if-then-but”
method based on the major observations on the issues in regular roof tile transportation
and inspection systems. The technique involves using the observations as the manipulative
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variable (under “if”), the positive aspect from the observations as the improving variable
(under “then”), and the negative aspect from the observations as the worsening variable
(under “but”) [49,50]. Three ECs were formulated based on the observations:

• EC1: If the entire roof tile transportation system is done manually, then transport-
ing the tiles becomes straightforward and less complex but human intervention is
constantly required.

• EC2: If the entire inspection system is done manually, then inspecting the tiles becomes
straightforward and less complex, but it is challenging to detect all defects manually.

• EC3: If the operator is allowed to handle the tiles during the inspection manually, then
it is easy for the operator to inspect both sides of the tiles manually, but there will also
be a risk of human-induced defects or damages to the tiles.

2.1.2. System Parameters

A parameter or system parameter in TRIZ refers to any factor that defines a system,
determines (or limits) a system’s performance, or describes the system’s characteristics.
A system parameter takes the perspective of the function instead of the system com-
ponents [50]. The subsequent step in the TRIZ approach involves parameterising the
contradictions before resolving them [51]. The improving and worsening variables (under
“then” and “but”) were linked with the 39 standardised system parameters of TRIZ [52].

Table 2 presents the linkage between the ECs and the system parameters. Notably,
EC1 was linked with device complexity (#36) for the improving variable and the extent of
automation (#38) for the worsening variable. The EC2 was linked with device complexity
(#36) for the improving variable and difficulty detecting (#37) for the worsening variable.
Finally, EC3 was linked with ease of operation (#33) for the improving variable and object-
affected harmful factor (#30) for the worsening variable.

Table 2. Linkages between engineering contradictions and the system parameters.

EC
Variables

System Parameters
Manipulative Improving (I) and Worsening (W)

EC1
If the entire roof tile transportation
system is done manually

I: then transporting the tiles becomes
straightforward and less complex 36: Device complexity

W: but human intervention is
constantly required 38: Extent of automation

EC2
If the entire inspection system is
done manually

I: then inspecting the tiles becomes
straightforward and less complex 36: Device complexity

W: but it is challenging to detect all
defects manually 37: Difficulty of detecting

EC3
If the operator is allowed to manually
handle the tiles during inspection

I: then it is easy for the operator to
manually inspect both sides of the tiles 33: Ease of operation

W: but there will also be a risk of
human-induced defects or damages on
the tiles

30: Object-affected harmful factor

2.1.3. Contradiction Matrix

The contradiction matrix is an arrangement of 39 improving parameters and 39 wors-
ening parameters (a 39 by 39 matrix), with every cell entry providing the most frequently
applied inventive principles to resolve or eliminate the EC [53]. In this step, the chosen
parameters for each EC from the previous section were cross-linked within the matrix to
identify a set of inventive principles.

The inventive principles are a set of rules proven to be effective in numerous appli-
cations and represent models of powerful, generic solutions [54]. Out of all the inventive
principles extracted from the contradiction matrix, the most suitable principle was selected
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to resolve the EC. Figure 2 illustrates the process of extracting the inventive principles
within the contradiction matrix based on the system parameters for all ECs. The intersected
cell between the system parameters contains the inventive principles (indicated within the
red box within each figure). Table 3 demonstrates the inventive principles extracted from
the contradiction matrix for each EC.
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Table 3. Inventive principles extracted from the contradiction matrix to potentially resolve contradictions.

EC Feature System Parameters Inventive Principles

EC1
Improving 36: Device complexity 15: Dynamics

1: Segmentation
24: IntermediaryWorsening 38: Extent of automation

EC2

Improving 36: Device complexity 15: Dynamics
10: Preliminary action
37: Thermal expansion
28: Mechanics substitution

Worsening 37: Difficulty of detecting

EC3

Improving 33: Ease of operation 2: Taking out
25: Self-service
28: Mechanics substitution
39: Inert atmosphere

Worsening 30: Object-affected harmful factors

The EC1 was resolved by extracting the principles of dynamics (#15), segmentation
(#1), and intermediary (#24). The EC2 was resolved by extracting the principles of dynamics
(#15), preliminary action (#10), thermal expansion (#37), and mechanics substitution (#28).
Lastly, EC3 was resolved by extracting the principles of taking out (#2), self-service (#25),
mechanics substitution (#28), and inert atmosphere (#35). The inventive principles function
as solution models in proposing the best solution or idea to resolve the ECs.

3. Results and Discussion

Regarding EC1 (Solution—conveyor belt system), the parameter of conflict included
the extent of automation. The automation level in the system is considered significantly low
due to manual handling when transporting the roof tiles. The dynamics principle (#15) was
the most suitable for resolving EC as the principle involves the conversion of an object (or
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process) from a more rigid or inflexible mode to a more movable or adaptive system [49,50].
One of the ideas proposed in the principle includes the use of a conveyor belt system.

Conveyor belt systems have been employed in multiple production industries for
the transportation of goods, including the marble industry, food industry (sushi restau-
rants), mining industry, and the airport industry (baggage handling systems) [55–58].
Conveyor belt systems have also been incorporated into roof tile production systems in
other countries [59,60]. A conveyor belt system can eliminate or minimise the need for
human intervention in the manual handling of roof tiles, thus preventing potential injuries
and long-term musculoskeletal disorders.

For EC2 (automated image capture system as the solution), the parameter of conflict
included the difficulty in detecting or inspecting a specific condition. Due to the manual
inspection process, operators encountered complexity in detecting all defects without
mistakes. The manual process could also be tiring and frustrating for the workers. The
mechanics’ substitution was the most suited for resolving the EC as it involves replacing
a mechanical means with a sensory (optical, acoustic, taste, or smell) means [49,50]. An
automated image capture system would be appropriate for resolving this EC based on
the principle.

Automated image capture systems have been utilised on different scales in various
industries to detect surface defects, including the automotive industry (detecting defects
on automotive coatings), the fruit processing industry (detecting defects on apples), and
the textile industry (detecting raw silk defects) [61–63]. Hence, the use of an automated
image capture system in roof tile inspections could potentially minimise the number of
defects from human error and reduce worker fatigue and frustration.

For EC3 (flipping conveyor system as the solution), the parameter of conflict included
the object-affected harmful factor. The operators are required to manually flip the tile to in-
spect for defects on both sides during the manual inspection process. The action introduces
a risk of defects or damages to the tiles caused by manual handling or contamination. The
self-service principle was the most appropriate for resolving EC3 as it requires the system
to service itself by performing supplementary and auxiliary operations [49,50].

The conveyor system (used to resolve EC1) could be paired with an auxiliary function
that flips the tile automatically during the inspection process. The mechanism within
the conveyor system (flipping conveyor) can be applied to resolve EC3. Similar concepts
have been employed in automatic parcel turning machines and numerous packaging
industries [64–66]. Allowing the conveyor system to self-service the flipping activity for
the inspection process will save more time and reduce risks of contamination, damage, and
defects compared to the regular manual handling process.

In order to find the ECs among the design parameters, a designer should carefully
examine a design problem to determine which parameters can be improved and which are
degrading. In the TRIZ literature, the parameters that need to be improved are referred to
as Useful Functions (UF), while the parameters that deteriorate are referred to as Harmful
Functions (HF). It is important to note that the term “function” in this field implies an
aspect of the intended result that may be desirable (UF) or undesirable (UD) (HF). The
designer can then consult the matrix of contradiction, where the 39 parameters that need to
be improved are listed along the rows and columns, respectively, and those that are getting
worse are listed along the bottom (see Figure 2).

3.1. Proposed Concept

Figure 3 depicts the process flow diagram for the new roof tile transportation and
inspection system. The novelty in the proposed system is observed in several processes,
namely the transportation, inspection, and flip processes.
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Figure 3. Process flow diagram on new roof tile transportation and inspection system.

3.2. RQ2: Inventive Steps of the Solution
3.2.1. First Inventive Step: Conveyor-Based Transportation and Inspection Process

The critical stage of the transportation process occurs from the incinerator stage (at the
start of the process flow diagram) to the stage where the product is ready to be packaged and
inspected. Conveyors are needed to transport the tiles, which are divided into four units:
conveyor 1 (feeder conveyor), conveyor 2 (top view inspection conveyor), conveyor 3
(flipping conveyor), and conveyor 4 (bottom view inspection conveyor). Conveyor 1
transports the tiles from the incinerator to the top view inspection process (#15: dynamics).
Conveyor 2 facilitates the crucial inspections on the top side of the roof tile (#28: mechanics
substitution). Conveyor 3 aids the flipping of the roof tile position from top view to bottom
view (#25: self-service). Lastly, conveyor 4 assists in the critical inspections on the bottom
side of the roof tile (#28: mechanics substitution). The lists below include the instruments
needed for the conveyor design:

Conveyor 1 (feeder conveyor) is connected with:

• A three-phase motor as a means of driving the feeder conveyor;
• An inverter as a tool to change the direction of motor motion;
• A reverse button as a manual sensor to turn on the reverse motor conveyor with auto

manual mode;
• A forward button as a manual sensor to turn on the forward motor conveyor with

auto manual mode;
• A stop button as a manual sensor to turn off the conveyor;
• A Programmable Logic Controller (PLC) as an instrument to store the automation system.

Conveyor 2 (top view inspection conveyor) is linked with:

• A three-phase motor as a means of driving the top view inspection conveyor;
• An inverter as a tool to change the direction of motor motion;
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• A reverse button as a manual sensor to turn on the reverse motor conveyor with auto
manual mode;

• A forward button as a manual sensor to turn on the forward motor conveyor with
auto manual mode;

• A stop button as a manual sensor to turn off the conveyor;
• A photoelectric sensor as a device that provides a signal to stop the conveyor at a

critical time to take photos;
• A PLC as an instrument to store the automation system.

Conveyor 3 (flipping conveyor) is connected with:

• A three-phase motor as the flipping conveyor driving tool;
• An inverter as a tool to change the direction of motor motion;
• A reverse button as a manual sensor to turn on the reverse motor conveyor with auto

manual mode;
• A forward button as a manual sensor to turn on the forward motor conveyor with

auto manual mode;
• A stop button as a manual sensor to turn off the conveyor;
• A photoelectric sensor as a device that provides a signal to stop the conveyor at a

critical time to take photos;
• A PLC as an instrument to store the automation system.

Conveyor 4 (bottom view inspection conveyor) is linked with:

• A three-phase motor as a driving tool for the bottom view inspection conveyor;
• An inverter as a tool to change the direction of motor motion;
• A reverse button as a manual sensor to turn on the reverse motor conveyor with auto

manual mode;
• A forward button as a manual sensor to turn on the forward motor conveyor with

auto manual mode;
• A stop button as a manual sensor to turn off the conveyor;
• A photoelectric sensor as a device that provides a signal to stop the conveyor at a

critical time when photos are taken;
• A PLC as an instrument to store the automation system.

3.2.2. Second Inventive Step: Flip Process

The flipping process is conducted to reverse the roof tile from the top view to the
bottom view. The process is performed at the conveyor for the bottom view inspection,
where a tool within the conveyor automatically pushes the tiles to engage the flipping
process, which comprises the following instruments:

• Flipping cylinder 1 to push the roof tile;
• Flipping cylinder 2 to push the roof tile;
• A PLC as an instrument to save the program of the flipping conveyor automation system.

The instrument utilised for the process requires a compressor as an air supply to
provide pressure to each flipping cylinder. Based on the preceding explanations, Figure 4
illustrates the complete process flow of the main functions and instruments employed for
the new roof tile transportation and inspection process.
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3.3. Potential Green and Carbon Consequences

The improvement in the roof tile transportation and inspection process mainly includes
the use of automation. The use of automation positively and indirectly impacts minimising
climate change. Automation enables a more flexible work model with reduced manual
labour and working hours. Although a slight trade-off in productivity could occur, reducing
working hours can lower greenhouse gas (GHG) emissions [67].

The industry could adopt a remote working model as the processes are automated.
Given that the transport sector is a considerable emitter of carbon dioxide, a better strategy
is needed to mitigate the impact of transportation emissions [68]. Remote working saves
energy and minimises GHG emissions [69]. The automated system enables an IT-enabled
remote working environment to deliver commuter GHG abatement [70].

The TRIZ component of the proposed methodology contributed to the design explo-
ration process in different capacities. In the case of roof tile transportation and inspection
systems, the TRIZ component assists in minimising climate change and enables a more
flexible work model with reduced manual labour and working hours. It also helped to
check and mitigate the impact of transportation emissions. The TRIZ matrix of ECs and
Inventive Principles assisted in determining the appropriate inspection system with a better
understanding of parameter dependencies and resolving tile transportation issues.

4. Conclusions

The study proposed a solution to the manual-related issues encountered by the In-
donesian roof tile manufacturing industry using TRIZ with an emphasis on roof tile
transportation and inspection system. Three ECs were formulated and linked with the
system parameters of TRIZ based on major observations within the roof tile manufactur-
ing industry. Several inventive principles were extracted to resolve each EC using the
contradiction matrix.

The study was based on two RQs highlighting the roof tile transportation and inspec-
tion system using TRIZ. The RQ1 addressed how TRIZ can be used to resolve the manual
labour contradictions in the transportation and inspection process of the Indonesian roof
tile manufacturing industry, while RQ2 addressed the inventive steps of the solution used
to overcome the manual issues in the roof tile transportation and inspection process. RQ1
was resolved by identifying the engineering contradictions using the “if-then-but” method,
which linked the contradictions with system parameters and extracted the inventive princi-
ples from the contradiction matrix based on the system parameters. The RQ2 was resolved
by applying the reasoning from the selected inventive principles to conceptualise solutions
to each contradiction such that the solutions are novel and unobvious in technical effects.

The solutions included a conveyor belt system to resolve EC1 (#15: dynamics), an
automated image capture system to resolve EC2 (#28: mechanics substitution), and a
flipping conveyor system to resolve EC3 (#25: self-service). The study demonstrated and
discussed the proposed concept of the automated system and its instruments. Apart from
reducing human errors, fatigue, and frustrations among workers, the improved system
exhibits the potential to enhance the productivity of the roof tile manufacturing process.

Directions for Future Research

Although the prototyping and usability testing of the concept was not included, the
current study will extend and explore the phase in another study, considering the impor-
tance of pursuing the transition of the proposed concept to the mechanical design analysis,
prototyping, and testing stages. In the mechanical design analysis stage, performing the
finalised detailed design, stress analysis, and simulations is vital. The prototyping stage
should include decisions on the methods used to prototype the design. For instance, future
studies should determine the appropriateness of traditional manufacturing, additive manu-
facturing, or rapid prototyping methods for the project. Finally, future research should opt
to administer the design of experiments to test the effectiveness of the prototype compared
to the manual method.
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