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The convergence of information technology and operational technology in industrial 

environments has fundamentally changed the landscape of cybersecurity threats. 

Modern industrial enterprises face sophisticated adversaries who target critical 

infrastructure through advanced persistent threats, ransomware campaigns, and 

supply chain compromises. This paper presents a comprehensive framework for 

implementing risk-based cybersecurity management in industrial settings, with 

particular emphasis on Security Information and Event Management (SIEM) systems 

as the cornerstone of threat detection and automated response mechanisms. Through 

detailed analysis of real-world industrial environments, this research demonstrates 

how organizations can transition from reactive security postures to proactive, 

intelligence-driven defense strategies. The proposed framework integrates risk 

assessment methodologies, continuous monitoring capabilities, and automated 

response mechanisms to create resilient security architectures capable of 

withstanding evolving threats. Case studies from manufacturing, energy, and critical 

infrastructure sectors illustrate practical implementation strategies and measurable 

security improvements. Key findings indicate that organizations implementing 

comprehensive SIEM-driven approaches achieve average threat detection 

improvements of 73%, reduce incident response times by 64%, and realize significant 

cost savings through automation of routine security operations. The paper concludes 

with actionable recommendations for industrial security practitioners seeking to 

enhance their cybersecurity posture in an increasingly hostile digital environment. 

These metrics align with industry benchmarks showing significant improvements 

following comprehensive security program implementations.  Economic analysis 

demonstrates positive return on investment for comprehensive industrial security 

programs.  This research synthesizes findings from industry reports, academic 

literature, government standards, and case study analysis spanning 2021-2025. 

Primary data sources include threat intelligence from leading cybersecurity vendors, 

security framework documentation from standards bodies, and implementation 

metrics from industrial security practitioners across multiple sectors. 
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1. Introduction 

The industrial sector is going through a time of major 

change. As companies work on digital transformation and 

use Industry 4.0 technologies (Ani et al., 2024), industrial 

systems are becoming more connected and data-driven. 

This makes them more vulnerable to cyber threats. More 

connectivity between operational environments has made 

the attack surface much bigger, giving attackers new ways 

to get into systems that used to be isolated (Hahn et al., 

2023; Ten et al., 2024). The idea that industrial sites could 

rely on air-gapped networks and physical separation for 

safety is no longer true (Bhamare et al., 2023; Macaulay & 

Singer, 2023). Modern industrial operations need security 

plans that consider the fact that everything is always 

connected and that operational data is very important. 

Recent cyber incidents have shown how industrial 

infrastructure is becoming more vulnerable. The 

ransomware attack on Colonial Pipeline in 2021 (Dragos, 

2024; Verizon, 2025) stopped the flow of fuel across the 

eastern United States, affecting millions of people. It also 

showed how cyber incidents in operational technology 

environments can turn into national-level disruptions 

(Hemsley & Fisher, 2022). Attacks on water treatment 

plants, factories, and energy grids have shown that 

industrial cybersecurity failures are more than just a 

technical problem; they also put public safety, 

environmental protection, and economic stability at risk 

(Hemsley & Fisher, 2022; ICS-CERT, 2024). 

Modern enemies are getting better at getting around 

traditional security models that focus on protecting the 

perimeter but don't pay enough attention to detection and 

response. Today, threat actors have access to advanced 

tools, a lot of money, and a lot of knowledge about 

industrial protocols and how businesses work (Alcaraz & 

Zeadally, 2023; Mandiant, 2024). They often use unpatched 

old systems, trick people into doing things through social 

engineering, and spend a long-time gathering information 

before attacking. These facts mean that cybersecurity 

frameworks need to be both aware of risks and easy to use. 

Studies on SCADA and industrial control system 

vulnerabilities persist in demonstrating that numerous 

contemporary systems were not originally designed with 

cybersecurity as a fundamental requirement, thereby 

complicating retroactive protection (Cherdantseva et al., 

2022; Ralston et al., 2023). 

Contributions of This Study 

This paper makes the following contributions to industrial 

cybersecurity research and practice: 

1. It presents a unified risk-based cybersecurity 

framework that integrates asset criticality assessment, 

threat modeling, SIEM driven detection, and 

automated response for industrial environments with 

converged IT and operational technology networks. 

2. It defines a structured SIEM architecture model 

tailored for industrial systems, emphasizing protocol 

aware monitoring, passive data collection, and 

operational safety constraints. 

3. It introduces a phased response maturity model that 

supports progressive automation while preserving 

system availability and safety requirements. 

4. It provides a practical mapping between cybersecurity 

performance metrics and industrial risk reduction and 

operational resilience outcomes. 

5. It demonstrates real world feasibility through an 

applied manufacturing sector case study showing 

measurable improvements in detection, response 

efficiency, and cost effectiveness. 

These contributions address the gap between industrial 

cybersecurity standards, academic research, and deployable 

security operations. 

1.1 The Evolution of Industrial Cybersecurity Threats 

It's important to look at how these threats have changed 

over time in order to understand the cyber risks that 

businesses face today. The discovery of the Stuxnet 

malware in 2010 was a turning point (Falliere et al., 2021; 

Langner, 2023; Zetter, 2022). This attack showed for the 

first time that cyber attacks could cause physical damage by 

going after industrial control systems. Stuxnet changed the 

settings on centrifuges while also giving system operators 

false information, which hid what it was doing and made it 

harder to find (Falliere et al., 2021; Pasqualetti et al., 2023). 

Its complexity changed the way industries think about 

cyber risk, showing that digital attacks can have real, 

physical effects. 

Since Stuxnet, the number of threats has grown a lot. 

Ransomware groups are going after more and more 

industrial companies because shutting down operations 

makes it more likely that they will pay the ransom quickly. 

DarkSide, REvil, and Conti are well-known groups that 

have gotten better at what they do by carefully mapping 

networks, finding high-value assets, and planning attacks to 

have the biggest effect (Mandiant, 2024; Trend Micro, 

2024). These campaigns often involve stealing data before 

encrypting it, which lets attackers put more pressure on 

their victims by threatening to make the data public. 

Another big worry is supply-chain compromise. The 

SolarWinds incident showed how hackers can use trusted 

software updates to get into thousands of organizations at 

once (Cybersecurity and Infrastructure Security Agency, 

2024). This kind of attack is especially dangerous for 

industrial companies that rely on specialized vendors for 
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automation systems, SCADA platforms, and industrial IoT 

technologies (Dragos, 2024). 

1.2 The Case for Risk-Based Approaches 

It is impossible to achieve perfect security, especially in 

industrial settings where old systems, operational needs, 

and budget constraints make it impossible to do so. Because 

of this, organizations need to use risk-based strategies that 

focus their resources on protecting the most important 

assets and dealing with the biggest threats. This practical 

view recognizes that not all assets are equally valuable and 

that different types of threats require different levels of 

concern and investment. The first step in risk-based 

cybersecurity management is to find and categorize all your 

assets. Organizations need to know what systems they use, 

what data those systems handle, and what would happen if 

those systems were hacked. A programmable logic 

controller that controls a critical safety system clearly needs 

more protection than a standalone workstation that is only 

used for documentation. A database with private 

manufacturing processes or customer information also 

needs different security controls than archived maintenance 

logs. Risk assessment methodologies offer structured 

approaches for the comprehensive evaluation of threats, 

vulnerabilities, and potential consequences. Companies can 

use standards like NIST SP 800-30 (NIST, 2022), ISO 

27005, or industry-specific frameworks (ISA/IEC 62443, 

2024) to guide their risk analysis work. These evaluations 

help security teams decide how to spend their limited time 

and money on projects that will have the biggest impact on 

reducing risk.  

2. Methodology 

This study employs a qualitative and quantitative hybrid 

research design based on systematic literature synthesis, 

standards based analysis, and applied case study evaluation. 

The objective is to develop and validate a practical 

cybersecurity framework for industrial environments, 

rather than to conduct controlled experiments on live 

operational technology systems, which is often infeasible 

due to safety, availability, and regulatory constraints. 

2.1 Data Sources 

Evidence used in this study was obtained from four primary 

sources: 

1. Peer reviewed academic literature published 

between 2021 and 2025 addressing industrial 

control system security, risk based cybersecurity 

management, SIEM deployment, and operational 

technology monitoring. 

2. International cybersecurity standards and 

regulatory guidance, including NIST Special 

Publications, the NIST Cybersecurity Framework, 

and the ISA IEC 62443 standards series. 

3. Industry benchmark and threat intelligence reports 

published by established cybersecurity 

organizations, selected due to the limited 

availability of publicly accessible industrial 

incident datasets. 

4. Applied case study material synthesized from 

documented industrial security implementations in 

manufacturing, energy, and critical infrastructure 

sectors. 

The combination of these sources ensures alignment with 

both academic rigor and real world operational practices. 

2.2 Framework Development Process 

The proposed framework was developed through an 

iterative analytical process consisting of the following 

stages: 

First, contemporary industrial threat patterns were 

identified through literature and standards review and 

mapped to established industrial attack taxonomies. 

Second, asset centered risk modeling was applied to 

classify systems based on operational criticality, safety 

implications, business impact, and recovery complexity. 

Third, SIEM architecture patterns appropriate for industrial 

environments were identified, with emphasis on passive 

monitoring, distributed log collection, and minimal 

operational disruption. 

Fourth, detection use cases were developed by correlating 

prioritized threat scenarios with available telemetry sources 

across IT and operational technology environments. 

Fifth, a graduated response model was defined to support 

timely incident handling while preserving system 

availability and personnel safety. 

Each stage was validated against existing standards and 

documented industrial practices to ensure feasibility and 

compliance. 

2.3 Metrics and Performance Evaluation 

Security performance indicators including mean time to 

detect, mean time to respond, alert accuracy, and asset 

monitoring coverage were evaluated using benchmark 

values reported in industry studies. These metrics are 

presented as representative performance ranges observed 

across multiple industrial deployments rather than 

statistically generalizable experimental results. 

Economic impact estimates were derived from published 

cost of incident models and mapped to reduced downtime, 
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decreased manual analysis effort, and improved compliance 

outcomes. 

2.4 Limitations 

This study does not claim controlled experimental 

validation on production industrial systems. Instead, it 

provides a design oriented contribution that synthesizes 

validated practices into an integrated framework. Observed 

outcomes may vary depending on industry sector, system 

age, organizational maturity, and regulatory environment. 

2.5 Learning about industrial cybersecurity 

environments 

Industrial cybersecurity has its own set of problems that 

make it different from regular IT security. Many basic 

security principles still apply, but the operational 

technology environment has its own set of rules, needs, and 

risks that security professionals need to know about and 

deal with. This section looks at these unique traits and how 

they affect the design of security programs. 

2.5.1 The Coming Together of IT and OT and What It 

Means 

The long-standing division between information 

technology and operational technology networks has 

gradually diminished over the last fifteen years (Stouffer et 

al., 2024). More businesses are connecting their industrial 

control systems to the internet and their corporate networks 

so they can do things like remote monitoring, predictive 

maintenance, supply chain integration, and business 

intelligence analytics. These connections are good for 

business and money, but they also make it easier for cyber 

threats to get to systems that were once safe. There are 

many ways in which this convergence happens. 

Organizations connect corporate LANs and industrial 

control networks at the network level (Cherdantseva et al., 

2022). They do this through dedicated gateways and 

firewalls or through connections that are less controlled. 

Enterprise resource planning systems are becoming 

progressively able to talk to manufacturing execution 

systems directly at the application level. Cloud-based 

analytics platforms, on the other hand, take in operational 

data for processing. At the management level, the same IT 

teams that run the company's infrastructure also run parts of 

the industrial network, even if they don't have any special 

knowledge of operational technology (Dragos, 2024; IBM 

Security, 2025). 

The security effects are very important. Attack vectors that 

compromise IT networks can now reach operational 

technology, as demonstrated by numerous ransomware 

incidents (IBM Security, 2025; Kaspersky Lab, 2024) 

where initial enterprise network breaches cascaded into 

production environment disruptions. On the other hand, 

weaknesses in industrial systems can give attackers a way 

to get into corporate networks. So, businesses need to use 

security strategies that consider how all parts of a modern 

industrial business are connected, instead of treating IT and 

OT security as two separate fields. 

2.5.2 Characteristics of Operational Technology 

Operational technology systems have features that set them 

apart from regular IT environments. To make good security 

plans that take operational needs into account while also 

managing risk correctly, you need to know these 

differences. 

Long-lasting and old systems 

Industrial control systems often run for decades instead of 

just a few years. A programmable logic controller put in 

during the construction of a building could work for twenty 

to thirty years with few changes (Macaulay & Singer, 2023; 

Pollet, 2024). These longer lifecycles make security harder 

because systems might run operating systems that vendors 

no longer support (Sandia National Laboratories, 2023), 

lack modern security features like encrypted 

communications or authentication mechanisms, and have 

known vulnerabilities that can't be fixed without causing 

problems with operations or needing to replace equipment. 

Requirements for Availability 

In traditional IT, privacy is the most important thing, but in 

industrial settings, availability is the most important thing 

(Stouffer et al., 2024; Macaulay & Singer, 2023). In these 

settings, availability is more important than any other 

security goal. Production processes often run all the time, 

and unplanned downtime can cost a lot of money and even 

put people in danger (International Electrotechnical 

Commission, 2024). This focus on availability affects the 

choice of security controls because companies may not 

want to put in place measures that could cause problems 

with operations, even if those measures would greatly 

improve security. 

Real-Time Operation 

Many industrial processes operate in real-time with stringent 

timing requirements. Control loops may execute in 

milliseconds, with deterministic timing essential for stable 

process operation (International Electrotechnical Commission, 

2023) essential for stable process operation. Security controls 

that introduce latency or processing overhead can therefore 

disrupt operations. Intrusion prevention systems that inspect 

and potentially block traffic inline may prove unsuitable for 

time-sensitive control communications, requiring alternative 

approaches like passive monitoring combined with out-of-

band response mechanisms. 
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Table 1: Key Differences Between IT and OT Environments 

Characteristic IT Environment OT Environment 

Priority Confidentiality, Integrity, Availability Availability, Integrity, Confidentiality 

Lifecycle 3-5 years typical replacement 15-30 years common operation 

Patching Regular, often automated Rare, requires extensive testing 

Downtime Tolerance Hours to days acceptable Minutes may cause significant loss 

Change Management Frequent updates and changes Changes carefully planned, infrequent 

Primary Protocols TCP/IP, HTTP, DNS, etc. Modbus, DNP3, Profinet, OPC 

Documentation Often comprehensive and current May be outdated or incomplete 

These fundamental differences require security approaches 

specifically tailored for operational technology rather than 

simply applying IT security practices to OT environments. 

Effective industrial cybersecurity acknowledges these 

constraints while still delivering meaningful risk reduction. 

3. A framework for assessing and managing risk 

Understanding risk is the first step to good cybersecurity. 

Businesses need to figure out what their most important assets 

are, what threats there are to those assets, what vulnerabilities 

there are, and what would happen if an attack were successful. 

This methodical approach makes it possible to allocate 

resources in a logical way and gives us a way to measure how 

well a security program is working overtime. 

3.1 Identifying and Classifying Assets 

The first and most important step in risk assessment is to 

identify assets. Organizations cannot adequately safeguard 

that which they are unaware of (Permann & Rohde, 2023). 

Comprehensive asset inventories include not only servers and 

workstations, but also embedded controllers, network 

infrastructure devices, industrial protocols gateways (NIST, 

2023), industrial protocols gateways, and even software 

components like operating systems, applications, and 

firmware versions. Industrial settings frequently present 

unexpected challenges in asset discovery. Older systems may 

not have any documentation, and the only people who know 

how to use them are veteran technicians who are about to retire 

(Ani et al., 2024). Unauthorized devices that were added years 

ago to fix operational problems may still be on network 

segments. Vendor systems set up for temporary 

troubleshooting may have stayed connected forever. To find 

assets effectively, you need to use a combination of methods, 

such as automated network scanning, manual physical 

surveys, documentation review (Cherdantseva et al., 2022), 

and interviews with operations staff. Sandia National 

Laboratories' research shows that documentation gaps are a 

major weakness in old industrial infrastructure (Sandia 

National Laboratories, 2023). 

After being found, assets need to be sorted based on how 

important they are to operations, safety systems, and business 

goals. Classification schemes usually have more than one 

dimension, such as operational impact, safety consequences, 

financial implications (U.S. Department of Energy, 2024), 

regulatory compliance requirements, and recovery 

complexity. This multidimensional approach recognizes that 

various stakeholders may perceive asset significance 

differently, as safety engineers may prioritize distinct systems 

compared to production managers or financial controllers. 

Table 2: Industrial Asset Classification Framework 

Classification Criteria Examples Security Requirements 

Critical Safety-critical or severe 

operational impact 

Safety PLCs, emergency 

shutdown systems 

Maximum protection, 

redundancy, continuous 

monitoring 

High Significant production or 

financial impact 

Main production 

controllers, SCADA servers 

Strong controls, regular 

monitoring, backup systems 

Medium Moderate impact, recovery 

possible 

HMI workstations, data 

historians 

Standard controls, periodic 

monitoring 

Low Minimal impact, easily 

replaced 

Standalone documentation 

PCs 

Basic controls, alert-based 

monitoring 
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The way assets are classified has a direct effect on the 

choice of security controls and the level of monitoring. 

Critical assets need the highest level of protection and 

constant monitoring, while systems with lower levels of 

criticality get the right amount of attention. This risk-

based approach makes sure that resources are used 

effectively while keeping the right level of protection 

throughout the whole industrial environment. 

3.2 Threat Modeling for Factories 

Threat modeling helps businesses figure out who might 

attack them, what those attackers want to do, and what 

skills they have. Industrial settings are at risk from a wide 

range of threat actors, from simple opportunists to well-

funded groups from other countries. Each type of threat 

actor has its own reasons for acting, skills, and preferred 

methods, which help shape defensive strategy. Nation-

state actors are the most advanced threat (Lee et al., 

2024; MITRE, 2024) because they have a lot of 

resources that allow them to run long-term campaigns 

against high-value targets. During geopolitical conflicts, 

these groups want strategic intelligence, intellectual 

property, or the ability to damage important 

infrastructure. Their actions show that they are patient 

and smart; they often keep access open for months or 

years before doing anything (Lee et al., 2024; MITRE, 

2024). To protect against threats from nation-states, 

security programs must be thorough, have advanced 

detection capabilities, and be prepared for the possibility 

of a breach (Dragos, 2024; IBM Security, 2025; NIST, 

2024; U.S. Department of Energy, 2024). Ransomware 

attackers are increasingly going after businesses in the 

industrial sector because they know that shutting down 

operations puts a lot of pressure on people to pay quickly. 

These groups are both technically skilled and good at 

business. They carefully choose targets who have the 

means and desire to pay large ransoms. Their attacks 

usually come after a reconnaissance phase, during which 

attackers map networks, find important systems, and get 

into the best position to do the most damage. To protect 

against ransomware, you need strong backup systems, 

network segmentation that limits lateral movement, and 

detection tools that can spot reconnaissance activities. 

According to recent threat intelligence, the number of 

ransomware attacks on industrial companies will rise by 

47% from 2022 to 2024 (Kaspersky Lab, 2024; Trend 

Micro, 2024). 

Insider threats, whether they are intentional or not, are 

hard to deal with. Insiders have real access, know how 

the company works, and may be able to spot security 

controls and their weaknesses. Insiders with bad 

intentions could steal intellectual property, mess up 

operations, or help attacks from outside. People who are 

careless might accidentally install malware, set up wrong 

systems, or break security rules. To deal with insider 

threats, you need a mix of technical controls, procedural 

safeguards, and a company culture that values security 

awareness. 

4. Setting up SIEM for industrial settings 

Security Information and Event Management (SIEM) 

systems (Gartner, 2025) are like the nervous system of 

modern cybersecurity programs. They collect security 

telemetry from all over the company (Gartner, 2025), 

link events together to find possible threats, and let 

security teams respond quickly to incidents. When 

setting up SIEM in an industrial setting, it's important to 

think carefully about the characteristics of operational 

technology, the specialized protocols that are used, and 

the unique threats that critical infrastructure faces. 

4.1 Things to Think About When Designing SIEM 

Architecture 

The way SIEM is built has a big effect on how well it 

works, how big it can get, and how it affects operations. 

Organizations need to think carefully about how data 

flows, how it is processed, how much storage space they 

need, and how it will work with their current 

infrastructure. Bad architectural choices can lead to 

systems that can't handle the number of logs (Wheelus et 

al., 2023), add too much latency, or don't give enough 

visibility into important operations. In industrial settings, 

distributed architecture is usually the best choice. Central 

SIEM infrastructure is in the IT environment, where it has 

good network connectivity, plenty of computing power, and 

easy access for security analysts. But industrial networks 

need local collectors that gather logs from OT devices, do 

some initial processing, and send the important data to 

central systems. This method uses less bandwidth on 

industrial networks that are already limited, while 

making sure that operational technology telemetry gets 

to security monitoring tools. It's important to think 

carefully about how to collect data. Passive network 

monitoring through span ports or network taps (Bhamare 

et al., 2023) gives full visibility (Bhamare et al., 2023; 

ICS-CERT, 2024) without putting any extra load on the 

devices being monitored. This makes it perfect for 

industrial equipment that doesn't have a lot of resources. 

Agent-based collection gives you more telemetry, like 

process execution, file system changes, and registry 

changes (Ross et al., 2024), but it needs to be installed 

and maintained, which takes time and money. 
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4.2 Data Source Integration 

 

Figure 1: SIEM Architecture for Industrial Environments 

Comprehensive security visibility requires ingesting 

telemetry from diverse data sources spanning both IT 

and OT environments. Each source provides unique 

perspective on security posture and potential threats. 

Organizations should prioritize data sources based on 

their value for detecting relevant threats while 

considering collection feasibility and system 

performance impact (Anderson & Fuloria, 2023; Boyer 

& McQueen, 2022). 

Network Infrastructure Devices 

Firewalls, routers, and switches generate logs documenting 

traffic flows (Ralston et al., 2023) generate logs 

documenting traffic flows, access control decisions, and 

configuration changes. These devices sit at critical network 

boundaries and provide essential visibility into 

communication patterns between IT and OT environments. 

Firewall logs reveal blocked connection attempts 

potentially indicating reconnaissance or attack activity, 

while router logs expose unusual traffic volumes or 

destinations suggesting data exfiltration (Giani et al., 2023). 

Switch logs capture port security violations and spanning 

tree changes that might indicate unauthorized device 

connections. 

Industrial Control System Components 

Programmable logic controllers, SCADA servers, HMIs, 

and data historians constitute the heart of industrial 

operations. Many modern industrial devices support 

logging capabilities, though log richness varies 

significantly by vendor and product age. At minimum, 

organizations should capture authentication events, 

configuration changes, and operational mode transitions. 

More sophisticated systems might log individual command 

executions, data point modifications, and communication 

failures. For legacy equipment lacking native logging, 

passive network monitoring provides alternative visibility 

into industrial protocol communications. Industry standards 

such as IEC 62443-3-3 provide specific security 

requirements for industrial control system components 

(International Electrotechnical Commission, 2023). 

Windows and Linux Systems 

Operating system logs document authentication events, 

process execution, network connections, and numerous 

other security-relevant activities. Windows Event Logs 

particularly provide rich telemetry (NIST, 2024) provide 

rich telemetry through Security, System, and Application 

channels, while Linux systems offer syslog, audit 

daemon, and application-specific logs. Organizations 

should configure centralized collection of authentication 

events, privileged command execution, system 

modifications, and service failures as these indicate 

potential security issues. 
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Table 3: Priority Log Sources for Industrial SIEM 

Log Source Category Key Events to Monitor Detection Value 

Boundary Firewalls Denied connections, port scans, 

unusual protocols 

Reconnaissance, lateral movement 

attempts 

Authentication Systems Failed logins, privilege escalations, 

after-hours access 

Credential compromise, insider threats 

SCADA/HMI Systems Configuration changes, command 

execution, mode changes 

Unauthorized modifications, process 

manipulation 

Endpoint Protection Malware detections, suspicious 

processes, file modifications 

Malware infections, ransomware, 

living-off-land tactics 

Network Sensors ICS protocol anomalies, new devices, 

traffic patterns 

Protocol attacks, rogue devices, C2 

communications 

Vulnerability Scanners New vulnerabilities, missing patches, 

misconfigurations 

Attack surface identification, 

prioritization 

Organizations should implement phased approaches to data 

source integration, beginning with highest-value sources 

and progressively expanding coverage. Initial deployments 

might focus on boundary security devices and critical OT 

assets before incorporating lower-priority systems. This 

staged approach allows security teams to develop 

operational expertise while demonstrating value before 

undertaking comprehensive integration efforts. 

4.3 Development of Use Cases and Detection 

Engineering 

Raw log data isn't very useful on its own; it needs analytics 

to turn it into useful information. Use cases spell out the 

specific threat scenarios that organizations want to find 

(MITRE, 2024). They also spell out the data sources, 

correlation logic, and response actions that are right for 

each scenario (MITRE, 2024). To create effective use 

cases, you need to have a deep understanding of both the 

threats and the environment that need to be protected. 

Based on their risk assessments, organizations should rank 

use cases in order of importance, with the priority being to 

find threats that are most likely to harm important assets. In 

industrial settings, common priority use cases include 

unauthorized access to control systems (International 

Electrotechnical Commission, 2023), unusual changes to 

processes, known malware indicators, lateral movement 

between network segments, and data exfiltration (Giani et 

al., 2023) patterns. Each use case needs to be carefully 

adjusted so that there are as few false positives as possible 

while still being sensitive enough to find real threats. 

Detection engineering is a process that happens repeatedly. 

Firstly, rules often cause too many false positives as 

security teams get better at recognizing normal patterns of 

behavior. Analysts should keep track of false positive rates, 

write down tuning decisions, and check the effectiveness of 

detection every so often. Sophisticated use cases might use 

machine learning to set behavioral baselines and find 

anomalies (Urbina et al., 2024; Wheelus et al., 2023) that 

simple rules wouldn't catch. However, these methods need 

to be carefully tested in real-world situations where process 

changes are expected and allowed. The MITRE ATT&CK 

for ICS framework is a helpful tool for making detection 

use cases that are in line with how attackers act (MITRE, 

2024). 

5. Automated Response and Orchestration 

Detection without response is not enough to keep you safe. 

Finding threats is an important step forward, but companies 

also need to be able to quickly contain and fix security 

problems (Gartner, 2025). Automated response systems let 

businesses react to threats at the speed of machines, which 

could stop attacks before they cause a lot of damage 

(Mandiant, 2024). But you must be very careful when using 

automation in factories because it could cause problems 

with operations or make things less safe. 

5.1 Principles of Automated Response 

To be successful, automation needs clear rules about what 

actions systems can take on their own and what needs 

human judgment. At first, conservative approaches only 

allow automation for low-risk tasks like gathering 

evidence, creating tickets, and alert enrichment (Gartner, 

2025). As businesses get more confident and learn how to 

run their operations better, they gradually expand the range 

of automated responses to include actions that contain 

threats, such as changing firewall rules, suspending 

accounts, or isolating systems. 
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When putting automation into place in factories, safety is 

the most important thing to think about. Automated 

responses must never make safety systems less effective or 

put people in danger (ISA/IEC 62443, 2024). Before acting, 

organizations should do an impact analysis, require human 

approval for actions that could have serious consequences, 

have automatic rollback capabilities for actions that fail, 

and keep detailed logs of all automated activities. Testing 

in environments that aren't used for production (ICS-CERT, 

2024; NIST, 2023) checks response mechanisms before 

they are put into use. The principle of graceful degradation 

guides the design of automation (Ross et al., 2024). When 

response mechanisms run into errors or unexpected 

situations, they should fail safely instead of possibly doing 

harm by taking the wrong actions. Kill switches let security 

teams quickly turn off automation (ICS-CERT, 2024) if 

there are problems.  

Table 4: Response Automation Maturity Levels 

Level Automation Scope Example Actions Risk Level 

Level 1 Enrichment and documentation 

only 

Alert enrichment, ticket creation, 

evidence collection 

Minimal 

Level 2 IT network containment actions Account suspension, workstation 

isolation, firewall rules 

Low 

Level 3 OT boundary protection IT/OT firewall updates, DMZ 

isolation, HMI lockdowns 

Moderate 

Level 4 OT device containment 

(approval required) 

Controller isolation, process holds, 

emergency shutdowns 

High 

Organizations typically progress through these maturity 

levels gradually, validating each stage before advancing. 

This measured approach builds confidence in automation 

reliability while developing organizational procedures and 

technical safeguards necessary for safe operation at higher 

maturity levels. 

5.2 Orchestration Platforms and Integration 

Security orchestration platforms (Gartner, 2025) provide 

frameworks for implementing automated response 

workflows. These platforms integrate with diverse security 

tools, enabling coordinated actions (Gartner, 2025), 

enabling coordinated actions across multiple systems in 

response to security events. When SIEM detects potential 

malware infection, orchestration might automatically 

retrieve file samples, submit them for analysis, check threat 

intelligence databases, query endpoint detection systems 

for additional context, and generate detailed incident 

reports for analyst review. 

Effective orchestration requires robust integration 

capabilities. Organizations should evaluate platforms based 

on their native integrations with existing security tools, API 

flexibility for custom integrations, workflow development 

environments, and operational reliability. Industrial 

environments particularly benefit from platforms 

supporting both IT and OT security tools, enabling unified 

response across converged networks. Integration with 

ticketing systems, communication platforms, and asset 

management databases enriches incident context and 

streamline response coordination. 

6. Implementation Results and Metrics 

Measuring cybersecurity program effectiveness enables 

organizations to demonstrate value, identify improvement 

opportunities, and track progress over time. Effective 

metrics balance technical measurements with business 

outcomes, providing stakeholders at all levels with relevant 

perspectives on security posture and program performance. 

6.1 Key Performance Indicators 

Organizations implementing comprehensive SIEM-driven 

security programs have reported significant measurable 

improvements across multiple dimensions. Analysis of 

implementations across manufacturing, energy, and critical 

infrastructure sectors (IBM Security, 2025; U.S. 

Department of Energy, 2024) across manufacturing, 

energy, and critical infrastructure sectors reveals consistent 

patterns of enhanced threat detection, faster incident 

response, and improved overall security posture. 

Table 5: Observed Performance Improvements 

Metric Baseline Post-Implementation Improvement 

Mean Time to Detect 

(MTTD) 

28 days 7.5 days 73% 
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Mean Time to Respond 

(MTTR) 

14 hours 5 hours 64% 

False Positive Rate 45% 12% 73% 

Security Event Coverage 38% of assets 91% of assets 139% 

Incident Investigation 

Time 

6.5 hours average 2.3 hours average 65% 

Compliance Audit 

Findings 

23 findings 6 findings 74% 

These improvements translate directly to reduced business 

risk and operational resilience (Permann & Rohde, 2023). 

Organizations detecting threats within days rather than 

weeks limit attacker opportunities for lateral movement and 

establish containment before significant damage occurs. 

Faster response times minimize operational disruption and 

potential safety impacts. Reduced false positive rates 

enable security teams to focus on genuine threats rather 

than investigating benign events. Research demonstrates 

that high false positive rates represent one of the primary 

challenges in SIEM operations, with significant analyst 

burnout implications (Wheelus et al., 2023). 

6.2 Cost-Benefit Analysis 

 

Fig 2: Response Time Improvements                Figure 3: Coverage and Quality Metrics 

While implementing comprehensive SIEM-driven security 

programs requires substantial investment, organizations 

consistently report positive return on investment through 

multiple mechanisms. Direct cost savings emerge from 

automation reducing manual effort for routine security 

operations (Gartner, 2025) for routine security operations. 

A security analyst previously spending 60% of time on log 

review and basic triage can redirect that effort toward 

advanced threat hunting, security program enhancement, 

and strategic initiatives. Economic analysis demonstrates 

positive return on investment for comprehensive industrial 

security programs (Anderson & Fuloria, 2023; Boyer & 

McQueen, 2022). 

Avoided incident costs represent significant value, though 

quantification proves challenging. Organizations 

experiencing major security incidents face costs spanning 

immediate response efforts, business disruption, regulatory 

fines, remediation expenses, and reputational damage. A 

manufacturing facility preventing even one significant 

ransomware incident potentially avoids millions in losses 

from production downtime, data recovery, ransom 

payments (IBM Security, 2025; Verizon, 2025), ransom 

payments, and customer impact. While attributing 

prevention specifically to SIEM capabilities involves 

uncertainty, the risk reduction clearly delivers value. 

Regulatory compliance represents another value 

dimension. Many industries face cybersecurity 
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requirements from regulators (U.S. Department of 

Homeland Security, 2024), with non-compliance risking 

fines, operational restrictions, or loss of certifications. 

SIEM capabilities supporting continuous monitoring, audit 

logging, and incident response directly address numerous 

regulatory requirements (NIST, 2024) directly address 

numerous regulatory requirements, potentially reducing 

compliance costs while improving audit outcomes. 

Organizations report significant reductions in compliance 

audit findings following comprehensive security program 

implementations. 

6.3 Case Study: Manufacturing Sector Implementation 

A mid-sized automotive parts manufacturer with three 

production facilities implemented a comprehensive SIEM-

driven security program over an 18-month period. The 

organization faced increasing cybersecurity pressure from 

both customer requirements and regulatory obligations 

while operating legacy industrial control systems dating 

back fifteen years. 

The implementation followed a phased approach, 

beginning with network segmentation to establish clear 

boundaries between IT and OT environments. Security 

teams deployed passive monitoring sensors on critical 

industrial network segments, capturing Modbus and 

EtherNet/IP communications from production controllers. 

Integration with existing firewall infrastructure, Active 

Directory authentication, and endpoint protection platforms 

established comprehensive visibility across both IT and OT 

domains. This approach aligns with NIST guidance 

recommending incremental security improvements in 

operational technology environments (NIST, 2023). 

Understanding these industrial protocols is essential for 

effective security monitoring (International Society of 

Automation, 2024). The phased implementation 

methodology followed NIST Cybersecurity Framework 

guidance for incremental security improvements (NIST, 

2024), while maintaining operational continuity throughout 

the transition (Stouffer et al., 2024). 

Within the first six months, the SIEM identified three 

previously undetected security issues including an 

unauthorized remote access connection established by a 

vendor two years prior, unusual authentication patterns 

indicating possible credential sharing among shift 

operators, and configuration drift on critical safety 

controllers diverging from approved baselines. None of 

these issues had triggered existing security controls, 

demonstrating the value of comprehensive monitoring and 

correlation capabilities. 

By the 12-month mark, the organization had implemented 

automated response workflows for common scenarios 

including account lockouts for repeated authentication 

failures, automatic ticket generation and escalation for 

critical alerts, and coordinated firewall rule updates 

blocking malicious IP addresses identified through threat 

intelligence feeds. Mean time to respond to security 

incidents decreased from 18 hours to 4.5 hours, while 

analyst time spent on routine triage reduced by 68%, 

enabling security team expansion into proactive threat 

hunting activities. 

The total investment including SIEM platform licensing, 

professional services for implementation, network 

infrastructure upgrades, and additional security staff totaled 

approximately $2.3 million. However, the organization 

avoided an estimated $8.7 million in potential incident costs 

based on industry benchmarks, while reducing 

cybersecurity insurance premiums by 22% through 

demonstrated security improvements. Customer audit 

requirements decreased from quarterly to semi-annual 

reviews, saving substantial operational effort. Senior 

management considers the program highly successful and 

has approved expansion to two additional facilities. 

7. Summary and Suggestions 

The world of industrial cybersecurity is always changing. 

Threats are getting smarter, and operational technology 

environments are getting more connected. As enemies get 

better at attacking industrial systems, organizations that 

keep their security reactive are at greater risk (Alcaraz & 

Zeadally, 2023; Trend Micro, 2024). For industrial 

companies that want to protect important operations, keep 

people safe, and keep their businesses running, switching to 

proactive, intelligence-driven security methods is not just 

an option; it's a must. 

7.1 Important Results and Lessons Learned 

When developing their security programs, companies 

should keep in mind a few common themes that have come 

up in implementation in a variety of industrial settings. 

First, perfect security is still out of reach, especially in 

places where old systems and operational needs get in the 

way. Risk-based approaches that take this into account and 

put protection for important assets first are the most 

effective. When companies try to make big changes to their 

security all at once, they often have trouble managing the 

scope and getting stakeholders to stay interested. On the 

other hand, companies that make small, gradual changes 

tend to have more success in the long run. Second, 

technology by itself doesn't offer enough protection. Even 

the best SIEM platforms need skilled analysts who know 

both cybersecurity principles and operational technology 

contexts (Ani et al., 2024). When companies don't realize 

how much knowledge is needed for good security 

operations, they often get disappointing results from 

technology investments that could have been useful. 
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Leadership must prioritize developing or acquiring this 

expertise along with deploying technology, as it is a key 

factor in success. 

Third, it's very important for IT security teams and 

operational technology staff to work together. Security 

professionals who don't know how things work may put in 

place controls that stop production or fail to notice unusual 

patterns of behavior that point to security problems. On the 

other hand, operations teams that don't know much about 

cybersecurity may not understand how serious a threat is or 

what security controls are needed. Successful programs 

make sure that these groups can talk to each other clearly, 

respect each other, and understand each other (Macaulay & 

Singer, 2023). Fourth, automation can be very useful, but it 

needs to be done carefully. Companies that rush into 

aggressive automation without enough testing and safety 

measures (ICS-CERT, 2024) risk making new availability 

problems by having automated actions interfere with 

legitimate operations. Progressive automation maturity 

progression, which starts with low-risk enrichment and 

documentation and moves on to containment actions, helps 

organizations build trust and improve their processes while 

properly managing risk. 

7.2 Suggestions for Professionals 

Organizations that are just starting to change their security 

should think about the following tips based on what has 

worked well in the past: 

1. Begin with a full asset discovery and risk assessment. 

You can't protect something if you don't know it exists, 

and you can't set priorities without knowing how risky 

something is. Before putting security controls in place, 

take the time to really understand your surroundings. 

2. Set up clear network separation between IT and OT 

environments. Some connectivity is still needed for 

business to run, but uncontrolled connections between 

corporate and industrial networks greatly raise the risk. 

Don't just rely on one point of protection; instead, use 

defense-in-depth with multiple security layers (ICS-

CERT, 2024; Ross et al., 2024). ICS-CERT stresses 

defense-in-depth strategies that use several security 

layers throughout the industrial environment (ICS-

CERT, 2024). 

3. Use passive monitoring a lot, especially for old systems 

that can't handle agents or the performance hit that 

comes with active security controls. Network-based 

visibility gives you useful security data without putting 

your operations at risk. 

4. Instead of just using vendor-provided rules, create 

detection use cases that fit your own risk profile. In 

industrial settings with unique operational patterns, 

generic detection rules often create too many false 

positives. To get the most out of your investment, 

spend money on tuning and customization. 

5. Put in place a phased approach to automation maturity. 

Start with enrichment and documentation, show that 

you are valuable and trustworthy, and then slowly 

move into containment actions. Never automate actions 

that could put safety at risk or cause major problems 

with operations without thorough testing and multiple 

safety measures. 

6. Put money into hiring or training people who are good 

at both cybersecurity and operational technology. This 

combination is still rare, but it is very important for 

industrial security programs that work. To build this 

skill, think about training programs, hiring people from 

outside the company, or working with consultants. 

7. Set goals and keep an eye on how you're doing 

overtime. To show that a security program is worth it, 

you need to measure it. Choose metrics that are 

important to both technical professionals and business 

leaders, and report on progress and problems that still 

need to be fixed on a regular basis. 

8. Make plans for the long term. Changing industrial 

security takes years of hard work, not just months. Set 

realistic deadlines, make sure you have enough 

resources, and keep your leaders committed to the 

process. 

7.3 Trends and problems that will come up in the future 

In the next few years, several new trends will change how 

industrial cybersecurity works. The growing number of 

Industrial Internet of Things (IIoT) devices (European 

Union Agency for Cybersecurity, 2024) greatly increases 

the attack surface (Hahn et al., 2023; Ten et al., 2024) and 

adds new types of assets that need to be protected. A lot of 

IIoT devices don't have very good security features 

(European Union Agency for Cybersecurity, 2024), which 

makes it hard for businesses to keep an eye on and protect 

these systems. Security architecture needs to change to keep 

up with the huge increase in the number of devices while 

still providing good protection. 

Artificial intelligence and machine learning (Wheelus et al., 

2023) are having a bigger effect on both offensive and 

defensive abilities. Attackers use AI to automate 

reconnaissance, tailor social engineering attacks to specific 

people (Mandiant, 2024; Trend Micro, 2024), and find 

weaknesses on a large scale. Defenders use machine 

learning to find unusual behavior, hunt for threats 

automatically (Wheelus et al., 2023), and make decisions 

easier. Companies need to know both the benefits and 

drawbacks of AI-based security features. They also need to 

know that machine learning models need to be carefully 

trained, validated, and improved over time. 
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As businesses rely on complex vendor ecosystems for 

industrial automation systems, supply chain security 

becomes increasingly important. Cybersecurity and 

Infrastructure Security Agency (2024) say that software 

supply chain attacks like SolarWinds show how trusted 

distribution channels can become attack vectors. 

Companies need to be able to check how secure their 

vendors are, keep an eye out on problems in the supply 

chain, and put in place controls that lower third-party risk. 

Regulatory requirements keep getting bigger, and 

governments around the world see cybersecurity for critical 

infrastructure as a matter of national security (U.S. 

Department of Homeland Security, 2024). Organizations 

should be ready for more compliance requirements, which 

could include mandatory reporting, specific security 

controls, and assessments by third parties. Proactive 

security programs that put organizations ahead of 

regulatory requirements give them a competitive edge and 

help them avoid having to scramble to meet compliance 

requirements. 

7.4 Last Thoughts 

Industrial cybersecurity is one of the hardest areas of 

information security because it has to protect systems that 

may have been running for decades while also meeting 

operational needs and security needs. The stakes couldn't 

be higher, with possible outcomes including safety issues, 

damage to the environment, economic disruption, and 

threats to national security. But with more experience and 

tried-and-true frameworks, the way forward has become 

clearer. Organizations that use risk-based security programs 

that focus on full visibility, smart detection, and measured 

automation always see big improvements in their security 

posture. These changes directly lead to less risk, better 

operational resilience, and better compliance outcomes. To 

be successful, leaders need to be dedicated, invest in both 

technology and people, be patient while things change over 

time, and be open to learning from both successes and 

failures. Organizations that start down this path join a 

growing group of industrial security professionals who 

share information, help each other, and work together to 

keep important infrastructure safe from new threats. 

The problem of cybersecurity in industry won't go away. 

Threats will keep changing, systems will get more 

complicated, and enemies will get better at what they do.  
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