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Abstract

Robotics frequently entails the provisioning of resources in order to maximize long-term sustainability. When analyzing
investments and funding, economic theories and models assist in assessing the dynamics of the remedy market,
environmental impacts, and policy impacts. The numerous costs and challenges are identified in the current study. By
classifying the 12 encountered elements into causes and effects to detect the causal interrelationships, the study is successful
in providing guidelines for development of a model.
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Introduction:

With applications in everything from industry and healthcare to agriculture and space exploration, robotics has advanced
substantially. The robotics industry is global, with components and expertise sourced from around the world. For better
implementation, decision making in various contexts becomes essential. It encompasses a range of criteria regarding the
development, deployment, and management of robotic systems. However, when a new system is being implemented,
economic analysis becomes of paramount significance due to its direct and far-reaching impact on various aspects of a
manufacturing operation, a company’s bottom line, and the broader economy.

Literature Review:

To identify the economic factors were investigated from the published literature. The initial cost of acquiring (CA) robotic
systems, including hard- ware, software, and installation expenses (Savin, 2016). Operational and Maintenance costs
(OMC) include ongoing expenses related to running and maintaining robotic systems, such as energy consumption,
maintenance, spare parts and labor costs (Warszawski, 1985). Total cost of ownership (TCO) implies the holistic cost of
owning and operating a robotic system over its entire lifespan, including depreciation and disposal costs (Landscheidt &
Kans 2016).. Return on Investments (ROI) for a robotics project is calculated by considering factors like increased
productivity, reduced labor costs, and improved product quality (Ulewicz & Mazur 2019).. Evaluating the benefits of
robotics adoption, such as increased efficiency or quality, against the associated costs makes Cost Benefit Analysis (CBA)
an essential economic factor (Hu et al., 2020). Robotics decisions are influenced by Market Dynamics (MD) - factors
related to market conditions, such as demand fluctuations, price competitiveness, and supply chain disruptions (Daim &
Faili 2019) . Balancing Resource allocation (RA) impacts redundancy and safety against perils of the project crucially.
(Fechter et. al., 2018). Costs of Integration (CI) are associated with efforts required to integrate robotic systems into existing
processes or systems (Bataev & Aleksandrova 2020). Advanced robotics systems can involve various types of failures. At
such times minimizing the Costs of Downtime (CD) becomes a priority (Chang et. al., 2012).. Customization of the
solutions is a major challenge for this integration. The expenses incurred to comply with industry-specific regulations and
safety standards are referred as the Costs of Regulatory Compliance (CRC) (Holder, C..et al.,2016). Assessing the
economic viability of ramping up or down robotic activities to match shifting demand or business demands is part of the
Costs of Scalability (CS) process (Hamann & Reina 2021).. The management of hazards connected to robotics projects,
such as unforeseen expenses, market volatility, and technological obsolescence, is addressed in accounting of Risks and
Uncertainty (RU) factor (Liu et al., 2019).. In the context of robotics, economic criteria are interdependent, meaning that
changes or decisions related to one criterion can impact other economic criteria. Some criteria may be at odds with one
another. CA may be positively correlated with an increase in OMC because investing in more expensive hardware may
lead to higher maintenance costs. Conversely, an increase in ROI is negatively correlated with CA because higher
acquisition costs may impact the time it takes to achieve a positive ROI.
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Methodology:

Classification of factors into cause and effect to identify their relationships can be done by structural modelling based on
survey of relevant experts. Experts in the field of robotics who specialize in the economic criteria of robotics often come
from various backgrounds, including robotics engineering, economics, and business. These professionals have familiarity
and knowhow in comprehending the economic characteristics of robotics likr cost analysis, return on investment (ROI),
market dynamics, and resource allocation. The design, development, and use of robotic systems are deeply understood by
engineers and researchers (Raheel et al., 2023). Economists with expertise in industrial or technology economics can offer
significant perspectives on the financial consequences of the implementation of robotics. (Drews et al., 2017). They analyze
the cost-effectiveness, market dynamics, and broader economic impact of robotics. Professionals in the field of business
consulting, particularly those specializing in technology and automation, help organizations make informed decisions about
incorporating robotics into their operations. They often conduct cost-benefit analyses and develop robotics strategies
(Nissen & Seifert 2018). Academics in universities and research institutions may focus on the eco- nomic aspects of
robotics through interdisciplinary research (Pimsakul et al., 2021). They publish studies and papers that contribute to the
understanding of economic criteria in robotics. Experts in policy analysis and regulatory affairs examine the economic
implications of robotics regulations, incentives, and government policies. They assess the impact of policy decisions on
the adoption and deployment of robotics. (Leenes et al. 2017). Professionals in finance and investment analyze the financial
viability of robotics companies and technologies (Zolas et al. 2021). They provide insights into investment opportunities
in the robotics industry. Market analysts and research firms specialize in assessing market trends, demand, and competition
in the robotics sector. They help businesses make strategic decisions related to robotics adoption and market positioning.
Organizations and associations dedicated to robotics and automation often have experts or committees focused on economic
factors within the industry. They provide industry-specific insights and resources. Professionals working in government
agencies or regulatory bodies may specialize in the economic aspects of regulating robotics and automation technologies.
They help shape policies that balance economic interests with safety and ethics. Consulting firms with a focus on robotics
and automation offer a range of services, including economic assessments, feasibility studies, and cost-benefit analyses for
organizations considering robotics adoption.

Economic factors are fundamental in managing the costs associated with developing, acquiring, operating, and maintaining
robotic systems. Organizations need to allocate budgets effectively to ensure that their robotics projects remain financially
viable.

Robust economic analyses, encircling issues such as initial costs, operational and maintenance expenses, return on
investments, market dynamics, resource allocation, and risk assessment, are pivotal in influencing the success and
endurance of robotics enterprises. For the purpose of this study, emails were sent to selective experts from various fields.
Out of 73 questionnaires sent to various experts from above mentioned domains, 46 responses were received. The
respondents were required to rank effect of criteria on one another on a scale of 0 (No influence) to 4 (High influence). The
sample of the responses received is shown in Table 1. Out of 46, there were 7 responses incomplete responses. 39 fully
complete responses were received which were suitable for analysis. As illustrated in Table 2, direct relationship matrix (R)
is created by averaging the responses. The values are truncated for depiction To create the normalized relationship matrix
(N) in Table 3, divide each matrix element by the largest sum of the R matrix's rows and columns.

TABLE 1
CA TCO OMC ROI MD CBA RU CI CD CRC CS RA

CA 0 0 1 0 3 0 2 1 1 3 2 3
TCO O 0 0 0 3 0 2 1 2 2 2 3
OoMC 3 2 0 3 2 3 3 3 0 3 1 1
ROI 1 0 1 0 1 0 1 2 2 3 1 0
MD 1 0 2 0 0 3 1 2 0 1 3 3
CBA 2 2 0 0 0 0 1 0 O 3 3 0
RU 2 0 1 1 0 2 0 3 2 3 0 2
Cl 2 2 2 1 2 0 2 0 1 3 1 1
CD 2 3 1 1 1 1 1 3 0 3 0 1
CRC 2 2 3 0 1 2 0 3 2 0 3 1
CS 1 3 1 1 3 0 2 0 O 0 0 3
RA 2 0 3 2 1 3 1 1 3 0 2 0

TABLE 2
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CA TCOOMCROIMD CBARU CI CD CRCCS RA
CA 0. 196140 1.681.3431.71 1.751.371.5 1.09 1.531.31
TCO 1400 1.65 1.711.59 1.5 1.651.462.031.5 1.621.75
OMC1.621.43 0 1.681.40 1.34 1.281.591.561.53 1.781.21
ROI 1.561.15156 0 1.62 1.311.401 1.681.751.711.28
MD 1.811.431.37 1.030  1.31 1.651.401.531.53 1.591.75
CBA 1.341.121.68 1.561.15 0  1.711.371.401.59 1.341.34
RU 1.341.37 1.43 1.431.12 1.680 1.621.281.651.311.65
Cl 1.561.341.40 1.061.96 1.591.210 1 1.401.651.43
CD 1.751.461.18 1.781.43 1.751.281.430 1.5 13715
CRC 1.621.56 1.53 1.591.03 1.53 1.561.341.400 1.811.46
CS 1.341.461.62 1.281.46 1.461.711.281.561.620 1.53
RA 1.401.651.40 1.431.43 1.84 1.651.681.431.401.370

The Total Relationship Matrix (T) = N x (I-N)-1 is shown in Table 4. The normalized matrix helps standardize scales of
the direct relationship matrix while the matrix T accounts for all underlying interdependencies. The threshold value
calculated from the average of the elements of the matrix T is 0.918. The values greater than the threshold value are
highlighted.

TABLE 3

CATCOOMCROIMDCBARU CI CDCRCCS RA
CA 0 .11 .079.094.075.096.097.077.084.061.086.073
TCO.079 0 .092 .096.089 .084.092.082.113.084.091.098
OMC.091 .08 0 .094.079.075.072.089.087.086.099.068
ROI .087.065 .087 0 .091.073.079.056.094.098.096.072
MD .101 .08 .077.058 0 .073.092.079.086.086.089.098
CBA .75 .063 .094 .087.065 0 .096.077.079.089.075.075
RU .075.077 .08 .08.063.094 0 .091.072.092.073.092
Cl .087.075 .079.059.110.089.068 0 .056.079.092 .08
CD .098.082 .066 .099 .08 .098.072.08 0 .084.077.084
CRC.091.087 .086 .089.058.086.087.075.079 0 .101.082
CS .075.082 .091 .072.082.082.096.072.087.091 0 .089
RA .079.092 .079 .086 .08 .013.092.094 .08 .079.077 0O

TABLE 4

CA TCOOMCROIMDCBARU CI CD CRCCS RA
CA 0.87 0.94 0.93 0.940.880.98 0.970.890.940.93 0.970.92
TCO 1.00 0.890.99 1 0.951.03 1.020.951.021.00 1.031.00
OMCO0.94 0.90 0.84 0.930.880.95 0.940.890.930.94 0.970.90
ROI 0.93 0.87 0.90 0.830.870.93 0.930.840.910.92 0.950.89
MD 0.96 0.90 0.91 0.900.800.95 0.950.880.930.93 0.960.93
CBA 0.89 0.850.89 0.880.830.83 0.920.840.880.90 0.910.87
RU 0.90 0.870.89 0.890.840.94 0.840.870.880.91 0.920.90
Cl 0.90 0.86 0.87 0.860.870.92 0.890.770.860.89 0.930.88
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CD 0.9520.90 0.90 0.940.880.87 0.940.880.840.93 0.950.92
CRC 0.94 0.91 0.92 0.930.860.96 0.950.880.920.86 0.970.92
CS 0.93 0.900.92 0.910.880.85 0.960.870.930.94 0.880.92
RA 0.96 0.93 0.93 0.940.890.99 0.970.910.940.95 0.970.86

Results:

Table 5 helps interpret the results of the analysis. The sum of each row is calculated (Ri) and each column (Ci) calculated.
The higher the value of Ri+Ci the more the importance of the factor. The factors are ranked as per the degree of importance.
The factors having a positive value for Ri-Ci are classified as Causes while those having negative value are classified as

Effects.
TABLE 5
Ri Ci Ri+Ci Rankby Ri-Ci Classi-
Deg. Of fication
Imp.
CA 11.196 11.226 22.422 3 -0.030 Effect
TCO 11.940 10.760 22.701 1 1.180 Cause
OMC 11.048 10.943 21.992 8 0.105 Cause
ROI 10.800 11.011 21.811 10 -0.211 Effect
MD 11.044 10.477 21.521 11 0.567 Cause
CBA 10.524 11.425 21.950 9 -0.901 Effect
RU 10.708 11.335 22.044 7 -0.627 Effect
Cl 10.546 10.503 21.050 12 0.043 Cause
CD 11.046 11.012 22.059 6 0.034 Cause
CRC 11.054 11.132 22.188 5 -0.078 Effect
CS 11.035 11.443 22.479 2 -0.409 Effect
RA 11.272 10.945 22.218 4 0.327 Cause
The cause and effect diagram derived is depicted in Figure 1 below:
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Discussion:

The highlighted values in Table 4 total relationship matrix greater than the threshold value that a causal relationship exists
from the row to the column. A higher CA might lead to lower OC if it means investing in more reliable and efficient robotic
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systems, reducing maintenance and operational costs. The CA directly impacts ROI; a higher CA may require a longer
time to realize a positive ROI, potentially affecting the project's attractiveness. CA contributes significantly to TCO, as it
represents the initial investment in the robotic system. Lower OC can contribute to a quicker and more favorable ROI,
making the project financially more appealing. OC is a component of TCO, and reducing OC contributes to lower overall
TCO. Operational costs are considered in CBA, as they factor into the cost side of the analysis. RA decisions allocate
financial resources to CA and OC, impacting the capacity to invest in robotics and meet operational expenses. Ensuring
compliance with regulations may require additional expenditures, contributing to OC. Regulatory compliance is closely
related to risk management, as non-compliance can lead to financial penalties and reputational risks. Decisions related to
scalability can impact CA by requiring additional investments and OC by influencing resource allocation.

Conclusion:

The economics of robotics implementation are recognized, along with their influencing aspects. While six of the factors
are categorized as effects, the other half are causes. The cost of integration is regarded as having the least importance while
the total cost of ownership is given priority. The outcomes emphasise the significant influence that these components have
on each other, bringing forth their interdependencies and the necessity of taking a comprehensive approach when making
decisions about robotics integration.
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