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Robotic Process Automation (RPA) is a disruptive technological enterprise that automates rule-
driven, high-volume digital activity through programming robotics or bots set up with the help
of RPA equipment, for example, UiPath, Blue Prism, and Automation Anywhere. These bots
communicate with Graphical User Interfaces (GUIs) and Application Programming Interfaces
(APISs) to run processes commonly done by human beings. By way of increasing the efficiency
of end-to-end processes, RPA shortens latency, minimizes human error, and enforces
compliance with business rules that have been specified in advance. Main applications are
automated data extraction/Optical Character Recognition (OCR), validation of structured data,
Enterprise Resource Planning (ERP) systems integration, and resolving customer service
tickets through Natural Language Processing (NLP) modules. BFSI, healthcare and supply
chain management are some of the industries that have experienced up to 80 percent reduction
in the cycle time of their processes and a 6-9 months post-deployment ROI. Moreover,
intelligent automation, which combines RPA and AI/ML algorithms, has the advantage of
allowing semi-structured data as input and responsive decision-making, improving scalability
and cognitive ability. The most important technical difficulties are bot orchestration, exception
handling, identity management, and satisfaction of regulatory compliances within dynamic
environments. However, RPA is a scalable, non-invasive technology that aligns with the
industry 4.0 strategy with its digital transformation and hyperautomation that demand strong
governance through Control Rooms and DevOps pipelines.
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Introduction

The implementation of Robotic Process Automation (RPA) technology has evolved as one of
the key solutions in the automation of rule-based repetitive activities in a digital business to
streamline operational efficiency. Bu et al. (2022) noted that more than 60% of digitally
transforming enterprises have opted for RPA to ease the burden of manual tasks and streamline
cycle time i n work processes. Software bots in human resources workflows were able to
eliminate 75% of the automation processing time (Mohamed et al. 2022), which attests to the
practical efficiency of such automation. As noted by Siderska (2021), the use of RPA in
business automation during the COVID 19 pandemic supported continuous operations for
more than 70% of companies as automation enabled the delivery of essential services.
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Nalgozhina et al. (2023) proved that applying ERP RPA integrates RPA with ERP systems
and decreases financial transaction processing lags by 85% in a number of transactions. The
newly evolved intelligent automation that merges RPA with machine learning has been
reported to boost adaptive decision-making for 48% of the more intricate processes
(Yakovenko & Shaptala, 2023). In spite of such merits, the key technical difficulties that
remain are the management of bot orchestrating and exception handling, control of agile
regulatory compliance, and dealing with perpetual rule changes RPA's scalability and non-
invasive features, however, seamlessly intertwine with the hyperautomation objectives as well
with the overall framework of Industry 4.0 which positions RPA technology as a fundamental
pillar for the transformation of business processes.

Research significance

The increased use of “Robotic Process Automation (RPA)” is transforming efficiency and
productivity in industries. Bu et al. (2022) notes that 60% of digital enterprises employ “RPA”
for increased throughput and decreased costs. Software bots have resulted in more than 70%
efficiency in process completion in industries such as Human Resources and Finance
(Mohamed et al., 2022). Nalgozhina et al. (2023) reinforced the importance of “ERP
integration” for enhancing workflow automation. Moreover, Yakovenko and Shaptala (2023)
reported that “intelligent automation” improves semi-structured cognitive task automation.
Given the “hyperautomation” trend, the research becomes important in determining
scalability, governance, and compliance frameworks that address shifting regulatory and
business expectations.

Problem statement

The benefits of efficiency offered by Robotic Process Automation (RPA) technologies is
accompanied by significant operational and technological challenges. According to Siderska
(2021), more than 30% of companies suffered operational disruption because of poor “bot
orchestration” and weak “exception handling” protocols. Mohamed et al. (2022) explained
reduced trust in “software bots” because of some inconsistencies in task assignment and
identity verification. Nalgozhina et al. (2023) pointed out problems in respect to delays in
“ERP” integration and adapting to changes in real time. With the growth of “intelligent
automation,” the absence of comprehensive automation frameworks that support agile,
regulated automation in changing compliance contexts and in multi-process, multi-system and
cross-organizational digital ecosystems remains an issue.

Literature review

Fan et al. (2024) pointed out how the effectiveness of 'Robotic Process Automation (RPA)' is
reliant on 'bot orchestration', however LRM-based orchestration models have a shortcoming
where only 42% of the automated workflows were completed without a break. Veeravalli
(2025) Criticized that more than 35% of failures are due to out of sync 'Application
Programming Interfaces (APIs)' coupled with low responsiveness to real time data, even with
the incorporation of Al and cloud orchestration. Closely related, Waqar et al. (2023) noted the
identity-based subprocess failures in tall building safety systems where 38% of the failures
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were due to inconsistencies with 'software bot' credentials and insufficient access control.
Mhaskey (2024) investigated the problems with 'Enterprise Resource Planning (ERP)' system
integration and found that only 36% of bots successfully acclimatized to live data, which in
turn stalled the decision-making process. Adeosun and Chukwunweike (2024) confirmed this
with the delay in synchronization of ERP-RPA systems which decreased inventory turnover
by 22%. Dumas et al. (2023) emphasized that most of exception handling is manual where in
Al-enhanced BPM systems more than 50% of exceptions are staffed. Gomez Gandia et al.
(2024) pointed out the gaps in self-learning by systems and users where 42% of failures were
due to the poorly designed bot audits paired with low automation consciousness. RPA was
found to be non-compliant in more than 60% of cases due to lack of centralized governance
and process knowledge alignment (2023). Collectively, these studies emphasize the
technologic and organizational flaws of the current “intelligent automation” systems and
emphasize the immediate need for joint governance, real-time learning modules and adaptive
frameworks in order to acquire “hyperautomation” targets in the enterprise environments.

Method

This study utilizes a secondary research approach to integrate findings from scholarly articles,
case studies, and other detailed reports on “Robotic Process Automation(RPA)”. Secondary
data aligns with capturing critical trends across industries, allowing analysis of “intelligent
automation” and “ERP integration” (Fan et al, 2024; Waqar et al,. 2023). The analysis of
secondary data also provides cost-efficient access to automation in various industries.
Enhanced validity and comparison across diverse organizational contexts is achievable using
trusted academic data. This approach allows the study to delve into the various technical,
operational, and governance issues that arise without the need for additional empirical work.

Inclusion and Exclusion Criteria Table

Inclusion Criteria Exclusion Criteria
Only peer-reviewed journal articles Articles published before 2021, or those
published between 2021 and 2025 on RPA, without peer-review validation
ERP, or intelligent automation
Studies providing quantitative data, case Papers lacking numeric data, case results,
studies, or metric-driven findings on or detailed implementation findings
automation processes
Articles focusing on enterprise-level Publications focusing only on basic
implementation of RPA, ERP integration, or | automation theory or non-enterprise use-
bot governance models cases (e.g., academic RPA)

Result
Challenges in Effective Bot Orchestration within Automated Workflows
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The issues arising from “bot orchestration” continue to hinder effective deployment of
“Robotic Process Automation (RPA)." Fan et al. (2024) reported that only 42% of the
automated workflows leveraging large language models (LLMs) executed flawlessly without
requiring human intervention. This was mostly attributed to insufficient decision tree coverage
and the cross-application dependency gaps. Notably, Veeravalli (2025) pointed out that almost
35% of processes failed because of a lack of proper synchronization pertaining to “software
bots” and “Application Programming Interfaces (APIs)”, even with cloud-based orchestration
frameworks in place. In addition, Potturu (2023) noted that only 68% of bots within the A360
framework managed to execute multi-step workflows on the first attempt, which points to poor
“workflow design logic” and task assignment algorithm” design.

Sector Improvement Type Traditional Automation Al-Enhanced Automation (%)
(%)
Cross-Industry | Productivity 100 130-150
IT Operations Workload Handling 28 73
Manufacturing | Operational Resilience 100 164
IT Operations Unplanned Downtime 100 142
Reduction
Manufacturing | Machine Life Extension 100 118-124

Table 1: Productivity Improvements with AI-Enhanced Automation
Source: Veeravalli, 2025
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Figure 2: WorkflowLLM Dataset and API Scale
(Source: Self-Developed)
Over 55% of cases in “bot orchestration” were affected by the intelligent automation systems
due to the incompatibility with the legacy systems Enterprise Content Management. This was
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shown by Kandepu in 2023. Allam in 2024 noticed that orchestration pipelines driven by
DevOps and integrated with “intelligent automation” frameworks suffered from 24% more
error rates when applied to heterogenous systems at scale. This suggests that, without feedback
loops in real-time, dynamic task assignment, and predictive workload distribution, large-scale
“RPA” is still fragile. These unresolved orchestration issues are pivotal to the development of
“hyperautomation”, particularly in the context of integrating LLMs with “DevOps toolchains”
and fine-tuning multi-functional cross-silo digital workflows.

Limitations in Exception Handling across Dynamic Business Processes

The lack of smooth exception handling in workflows of “Robotic Process Automation (RPA)”
still remains a critical performance issue within rapidly changing business contexts. As Dumas
et al. (2023) pointed out, only 48\% of exception handling in “Al-augmented business process
management systems” was done automatically, with most of the inputs surrounding driven
exceptions being unstructured or out of the ordinary. According to Beerepoot et al. (2023), the
lack of proper exception detection logic accounts for more than 30\% of automation idle time,
especially with dynamic “Application Programming Interfaces (APIs)” or changing data
schema.
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Figure 3: Digital Twin based business process automation

(Source: Beerepoot et al. 2023)
Waseel et al. (2024) reported exception propagation in agile operations caused a 21\% delay
in decision loops, detrimentally impacting the agility of “intelligent automation”. Without
“intelligent decision engines”, traditional “software bots” do not resolve more than 40\% of
the exceptions associated with semi-structured data, which Maddukuri (2023) pointed out as
a lack of adaptability issue. Also, Jooss et al. (2024) described the gaps in “skills-matching”
resulting from exception-heavy workflows which creates poorly designed fallback systems.
These shortcomings limit the preferred expansion of “hyperautomation” especially in
environments where workflows are expected to self-heal and respond in real-time. Therefore,
to maintain dependable “RPA” in perpetually changing process ecosystems, developing
adaptive exception classifiers and systems with human-in-the-loop machine learning is
critical.
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Inconsistencies in Identity Management in RPA Implementations

In the context of “Robotic Process Automation (RPA),” poorly aligned identity management
systems pose a significant risk to the security and ongoing operations of a business. As Waqar
et al. (2023) noted, in the safety management systems of tall buildings, more than 38% of
access control errors stemmed from “software bot” credential mismatches, resulting in the
disruption of processes. Zhang et al. (2023) stated that 27% of accounting firms experienced
data breaches during the initial stages of “RPA” implementation, attributing these incidents
mostly to the use of shared or hard-coded bot identities which operated without a governance
framework. Mashtakov et al. (2023) pointed out the lack of robust processes for assigning
identities and roles in “APIs” that lead to identity conflicts during authentication, more so in
cross-department “ERP” system integrations.
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Figure 4: Augmenting Process Mining with Common Sense and Domain Knowledge.
(Source: Beerepoot et al. 2023)

Moreover, Gomez Gandia et al. (2024) demonstrated that insufficient digital skills and lack of
access management frameworks based on roles contributed to 42% RPA project delays, as
numerous participants ignored bot-level audit compliance. Such inconsistencies hinder the
advancement of intelligent automation and make it difficult to adhere to data privacy and
security regulations. To safeguard hyperautomation ecosystems, the implementation of
multifactor identification strategies, dynamic identity governance, federated access controls,
and continuous authentication is critical in maintaining resilience, security, and compliance
with regulations. Strong frameworks for managing identities must now be a primary
architectural feature of sustainable RPA deployments within sensitive and critical business
workflows.
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Delays in ERP System Integration through Robotic Automation

The integration of Robotic Process Automation (RPA) with Enterprise Resource Planning
(ERP) systems still suffers from severe lags because of technical and organizational gaps.
Puica (2022) noted that 45% of supply chain companies experienced delays in achieving full
end-to-end automation because of the rigid data architecture of ERPs and their incompatibility
with “software bots.” Mhaskey (2024) noted that with the scalability offered by Al-enabled
ERPs, more than 30% of the systems deployed fail to update the ERPs in real-time during bot-
triggered updates of order processing, resulting in out-of-sync operations.

Metric Estimate (%)
Bots adapting in real time to live ERP data ~36% (Mhaskey, 2024)
Firm deployments delayed due to rigid ERP ~45% (Puica, 2022)
structures
Inventory turnover drop linked to integration ~22% (Adeosun & Chukwunweike,
delays 2024)
API-related bot automation timeouts/failures Up to 40% (Ilieva et al., 2023)

Table 2: ERP-Bot Adaptability & Integration Delay Estimates
(Source: Self-Created)

Adeosun and Chukwunweike (2024) noted that integration delays caused 22% reductions in
invoice processing in large-scale logistics companies, although automation technology was
more advanced. Ilieva et al (2023) exacerbated system fragmentation across legacy ERP
modules with frequent API timeouts resulting in a 40% delay in automation cycles. These
technological delays disrupt the automation of core processes needed in upstream and
downstream flows and erode the essence of value added by hyperautomation strategies. A
more serious problem is that without the bundled data architecture, bot ERP connectors, and
predictive exception routing within RPA frameworks, the outlined barriers will still persist.
The potential operational advantages of “intelligent automation” and cross-system
orchestration will not be achieved in process-centric industries such as the supply chain and
finance.

Gaps in Real-Time Adaptability of Intelligent Automation

“Intelligent automation” adoption is on the rise, but adaptability in real-time still lags in
multifaceted ERP ecosystems. Mhaskey (2024) noted that only 36% of bots integrated with
ERP systems were capable of adapting processes in response to real-time data shifts. Adeosun
and Chukwunweike (2024) showed that most RPA implementations lacked cognitive
components which slowed adaptability during volatile cycles of inventory stocking and
restocking. Static “software bots” part of the supply chain automation, as Puica (2022)
highlighted, were not able to react to changing order volumes, leading to 18% order processing
delays. “Hyperautomation” remains unable to respond with agility because there are no real-
time feedback loops. Automation responsiveness in a dynamically changing business
environment is hindered because the environment is not agile due to under-employment of
adaptive learning, predictive analytics, and continuous data ingestion.

Lack of Unified Governance for Regulatory Compliant RPA Frameworks
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Barrier Factor Influence Rank (Path Analysis)
Legal/Regulatory Ist
Privacy concerns 2nd
Technological issues | 3rd
Economic constraints | 4th
Resource limitations | Not significant

Table 3: Key Barrier Weightings in RPA Adoption Model
(Source: Self-Developed)

Numerous RPA implementations are unattended to centralized governance, which results in
non-uniform compliance and compliance and a breach of operational safety. [lieva et al. (2023)
reported a staggering 62% of companies did not integrate “Robotic Process Automation
(RPA)” with Knowledge Management and compliance policies. Mhaskey (2024) pointed out
non-compliance with “ERP” “audit” using fractured “APPLICATION PROGRAMMING
INTERFACE” (API) and general “LOW” “ACCESS CONTROLS.” As noted previously,
Puica (2022) pointed out that “software bot” that operated in monitored environments
breached the central control and thus became prone to unsecured process deviations. Only a
model that unifies governance enables identification of blamable parties. Thus, organizations
are forced to rely on the delegation of compliance obligations or “intelligent automation”
technologies that are impossible to control, adaptable, or GUIs uphold legal obligations
spanning looming cross-border rules.

Discussion

Although "Robotic Process Automation (RPA)" persistently enhances digital efficiencies,
there are still some challenges that weaken its ability to transform dynamic enterprises fully.
"Software bots" integration with "Enterprise Resource Planning (ERP)" systems suffers from
persistent inflexibility and poor adaptability due to design flaws. Only thirty-six percent of
bots that respond dynamically to real world data, severely undermines automation claims
(Mhaskey, 2024). Furthermore, integration problems are widely observed. Puica (2022)
reported that forty-five percent of companies struggled with integration delays caused by rigid
ERP structures. These obstacles, along with fragmented "Application Programming Interfaces
(APIs)” pointed out by Ilieva et al. (2023) which create technical silos and worsen the failure
rate of cross-functional workflows, are incredibly detrimental. Exception handling still
remains far too reactive. Dumas et al. (2023) demonstrated that over fifty percent of exceptions
still requiring some form of manual intervention, showcases an absence of cognitive learning
in hyperautomation. Governance surrounding identities remains mostly undeveloped. Waqar
et al. (2023) reported thirty-eight percent of bot security failures due to poorly defined identity
controls and credentials. Without centralized control over the use and function of software
bots, automation severely increases compliance risks. The results imply that effective "RPA"
implementation goes beyond technical aspects to include organizational oversight, thoughtful
process architectural abstraction, and well-defined frameworks for handling deviations. For
enduring automation, incorporating learning engines, monitoring tools, and bot orchestration
based on user profiles is necessary. In addition, to preserve process fidelity and satisfy

Nanotechnology Perceptions 20 No. S5 (2024) 1093-1103



Robotic Process Automation: ... Dr. Nellimala Abdul Shukoor, et al. 1101

compliance requirements, advanced Al oversight—not oversight limited to governance control
rooms—must be integrated to provide process fidelity and oversight with compliance
requirements. Only in this manner can "intelligent automation" help achieve agility,
scalability, and compliance in anticipating business ecosystems.

Future scope

Further development in “RPA” should emphasize context-aware “intelligent automation” in
which bots learn and adapt in a continuous manner within ERP and cloud ecosystems.
Reinforcement learning can be incorporated to handle real-time decision-making problems in
“bot orchestration”. Ilieva et al. (2023) proposed that cross-platform governance frameworks
together with Al-powered supervision can enforce compliance. The allowing of secure and
scalable “hyperautomation” in cross-border operations will require, under unified identity
layers, API standardization.

Conclusion

The automation of processes using robotic technology “RPA” brings obvious productivity
benefits, but deeper enterprise system impacts have not been felt. Key automation challenges
such as “exception handling” and “identity management” as well as delays in ERP integration
automation hinder the realization of the full benefits of “intelligent automation”. “RPA” is not
capable of sustaining transformation without robust governance, real-time adaptability, and
cohesive orchestration as articulated by Puica (2022) and Mhaskey (2024). There is now a
need to integrate automation with the requirements of resiliency, compliance, and scalability
in business.
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