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Executive Summary
Predictive maintenance (PdM) of laboratory instruments – especially when driven by machine‐learning (ML) —

promises to transform how laboratories manage equipment uptime, repair costs, and overall operational

efficiency. Proponents suggest that data-driven PdM can dramatically reduce unplanned downtimes, extend

equipment life, and lower total maintenance costs, yielding returns on investment (ROI) many times higher

than traditional maintenance approaches. However, the ROI for PdM is highly context-dependent, and there is a

need for a clear-eyed, evidence-based assessment of “when ML scheduling actually pays off.” This report

presents an in-depth analysis of the state of predictive maintenance in laboratory settings, examining multiple

perspectives, case studies, data sources, and expert opinion to provide a reality check on PdM’s promised

returns.

Key points from this report include:

Background & Trends: PdM has evolved from simple preventive schedules to sophisticated AI/ML-driven models that

predict equipment failures from sensor data. Modern laboratories – from pharmaceutical to diagnostic – increasingly

recognize that critical instruments (e.g. spectrometers, sequencers, MRI machines) represent large capital investments.

Unplanned downtime on such equipment can cost thousands to millions of dollars, as even a single day of downtime can

yield losses of tens of thousands in revenue ([1] www.kmcsystems.com) ([2] www.simbo.ai). The global market for

laboratory PdM is growing rapidly (forecasted to exceed $6.9 billion by 2033) as labs seek to minimize these risks ([3]

dataintelo.com).

Predictive vs. Traditional Maintenance: Traditional maintenance strategies – reactive (fix after failure) or preventive

(routine scheduled service) – have well-known limitations. Reactive maintenance inevitably incurs high downtime and

emergency costs. Scheduled preventive maintenance reduces breakdowns but often replaces components prematurely or

misses early failure signs between checks. In contrast, predictive maintenance uses real-time data and ML models to

schedule service precisely when needed. This data-driven, condition-based approach aims to strike an optimal balance:

preventing most breakdowns while avoiding unnecessary maintenance. Industry guidelines (e.g. DOE studies) suggest PdM

can reduce failures by 70–75% and downtime by 35–45%, with equipment life extended 20–30% ([4] oxmaint.com).

ROI and Cost-Benefit Factors: The ROI of ML-driven maintenance scheduling depends on many variables – equipment

value, downtime cost, failure rates, probability models, sensor and analytics costs, etc. Generally, apparently high-return

scenarios involve expensive, high-throughput equipment: e.g. a diagnostic lab machine running 1,000 tests/day at $50 each

loses roughly $100,000 in 48 hours of unplanned downtime ([1] www.kmcsystems.com). Similar examples include
pharmaceutical manufacturing lines where a single failure can invalidate an entire batch. In such cases, even modest

reductions in downtime or failures can justify PdM’s upfront investment. Industry calculations (e.g. Albert UpKeep’s analysis

of DOE data) show typical PdM implementations yielding on the order of 10× ROI over several years ([5] upkeep.com) ([4]

oxmaint.com). However, achieving those gains requires careful implementation: proper sensors, high-quality data, and

robust analytics. When these conditions are lacking (e.g. low usage instruments, poor data, or unreliable ML models), the

ROI may be much lower, or PdM may fail to pay off.

Case Studies & Evidence: We review a spectrum of real-world examples across industries. Food manufacturing (Tetra Pak)

and automotive (Chrysler, Ford) have documented PdM projects saving millions by predicting failures in advance ([6]

upkeep.com) ([7] oxmaint.com). In healthcare, GE Healthcare reports that one day of MRI downtime costs $41,000, and

their predictive platform has added ~4.5 days of uptime per MRI per year (reducing downtime by ~40%) ([2] www.simbo.ai).
A case interview with KMC Systems (biotech instrumentation OEM) highlights how avoiding a 48-hour outage saved a lab

$100,000 ([1] www.kmcsystems.com). In pharmaceutical labs, Luxoft used computer vision PdM to monitor a dissolution

tester, automating calibration and preventing expensive experiment errors ([8] www.luxoft.com) ([9] www.luxoft.com).
These examples illustrate the potential scale of PdM benefits in high-stakes environments.
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Potential and Challenges: Beyond direct cost savings, PdM offers intangible benefits: ensuring patient safety by avoiding

missed diagnoses (in clinical labs), improving research productivity by salvaging experiments, and meeting regulatory

compliance by maintaining consistent instrument performance ([10] petasense.com) ([11] www.simbo.ai). On the flip side,

challenges abound: managing large datasets, integrating with legacy lab systems, ensuring data quality, calibrating ML

models, and securing buy-in from technicians ([12] datacalculus.com) ([13] petasense.com). The infrastructure
requirements (connectivity, compute, training) can be significant. As one industry review notes, gaps remain in

standardized ROI measurement for PdM, meaning labs must develop their own cost models and pilot results ([14]

www.sciencedirect.com) ([15] oxmaint.com).

When ML Scheduling Pays Off: In summary, ML-driven predictive maintenance tends to pay off most in high-stakes lab

contexts: high-value instruments, heavy usage, high downtime cost, and achievable data collection. Promising areas include

large clinical diagnostics labs, pharmaceutical manufacturing, genomic core labs, and any setting with continuous

production pressure. In such cases, reductions in unplanned stoppages and optimized part lifetimes can quickly offset the

initial investments in sensors, analytics, and training. Conversely, small labs with sporadic equipment use may see limited

gains: e.g. an infrequently used research microscope may not justify a full PdM system. Ultimately, data-driven scheduling

pays off when the avoided costs of downtime and failures exceed the cost of system implementation and upkeep; our

detailed sections below analyze this threshold, present data-driven calculations, and offer guidelines for lab managers.

This report is organized as follows: we begin with background and historical context on maintenance

practices, then delve into predictive maintenance methods, the economics of ROI for lab instruments, ML

scheduling approaches, and common implementation frameworks. We present data analysis and tables

summarizing performance metrics and case outcomes.Several case studies and real-world examples illustrate

successes and pitfalls. Finally, we discuss implications, best practices, and future directions for lab

instrumentation maintenance, culminating in evidence-based conclusions on when and how ML-driven

scheduling truly delivers ROI. Every claim is supported by credible sources (academic, industry reports,

corporate case studies) to ensure a thorough, detail-rich, balanced perspective.

Introduction and Background

The Maintenance Paradigm: Reactive and Preventive

Approaches

For decades, organizations have grappled with keeping equipment operational. In laboratory settings—from

clinical and diagnostic labs to industrial R&D—the reliability of instruments (spectrometers, sequencers,

chromatographs, analytical balances, etc.) is critical. Traditionally, maintenance followed reactive or preventive

models. Under reactive maintenance, repairs occur only after equipment fails. Though simple, this guarantees

downtime and often leads to collateral losses: lost samples, invalid experiments, or halted production lines.

Many studies emphasize that reactive strategies incur the highest costs, as emergency repairs are expensive

and unplanned outages can cascade into major delays ([16] datacalculus.com) ([1] www.kmcsystems.com).

To mitigate this, organizations adopted preventive maintenance schedules: periodic servicing based on time or

usage. For instance, labs might clean an HPLC pump or replace a centrifuge belt every fixed number of runs.

Preventive maintenance reduces the chance of unexpected failures but is not foolproof. Scheduled checks may

still miss failures that occur between intervals, and conversely may result in premature replacement of

components that still have useful life. The notion of “overmaintenance” causing unnecessary parts and labor

has been documented in industrial maintenance literature. Moreover, fixed schedules do not account for actual

usage intensity: an instrument heavily used in a high-throughput clinical lab may degrade faster than the same

instrument lightly used in a teaching lab. Thus, preventive maintenance is a compromise: it shifts failure risk but

does not eliminate it.
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Emergence of Condition-Based and Predictive Maintenance

Over the past decade, advances in sensors, data analytics, and IoT connectivity have enabled condition-based

maintenance (CBM), which monitors equipment health during operation. Laboratories now often record usage

logs, temperature, pressure, vibration, and other parameters from their instruments. The next step beyond CBM

is predictive maintenance (PdM), where analytics and machine learning predict the Remaining Useful Life

(RUL) of components or the probability of imminent failure. In practice, predictive maintenance means using

real-time data to schedule maintenance proactively, just before a component is likely to fail.

An industry review notes that in a typical PdM system, multiple sensors (thermal, vibration, flow, electrical,

optical, etc.) act as the “nervous system” of the equipment, feeding data to algorithms that detect subtle signs

of wear or drift (blog.gpai.app). For example, a centrifuge vibration sensor might pick up bearing wear, or a

tracking camera might spot a misalignment in an optical path. ML models (regression or classification) are

trained on historical failure data and can forecast the timing of failure with higher precision than fixed schedules

(blog.gpai.app) ([4] oxmaint.com). This approach has been likened to a medical checkup for machines: instead

of blanket annual inspections, engineers get individualized predictions of health.

In laboratory environments, predictive maintenance (PdM) has gained prominence. A case study for medical

diagnostic labs highlights that moving from reactive to predictive maintenance is a “paradigm shift”, leveraging

data to forecast malfunctions ([17] datacalculus.com) ([18] datacalculus.com). Importantly, this shift aligns with

broader trends such as Industry 4.0 and “Pharma 4.0,” where connected devices and analytics improve

manufacturing and lab processes ([19] petasense.com) ([3] dataintelo.com). Industry sources (e.g. the International

Society for Pharmaceutical Engineering, ISPE) even embed PdM as a core component of modern practice to

ensure consistent quality in highly regulated sectors ([19] petasense.com).

Specifics of Lab Instrumentation

Laboratory instruments present both opportunities and challenges for predictive maintenance. On one hand, lab

equipment is often high-value and mission-critical. A single high-resolution mass spectrometer can cost

millions and are vital for research breakthroughs; a diagnostic blood analyzer in a clinical lab generates billable

results ($ per test, as noted later). Thus, even short downtimes can have cascading financial and scientific

impact. On the other hand, labs often run instruments under controlled environmental conditions (clean rooms,

stable power), which might simplify modeling compared to harsh industrial settings.

Many lab instruments are also complex systems of subsystems (pumps, motors, sensors, optics, etc.), each with

failure modes. For example, a next-generation DNA sequencer includes fluidics pumps, thermal cyclers, lasers,

and optical detectors; a failure in any subsystem stops the entire assay and can ruin prepared samples. The loss

from one failed run can include reagent cost, sample loss, and lost time – not to mention the effect on

experiments or patient care timelines. Thus, as one technical blog notes, having an instrument fail unexpectedly

can “invalidate a multi-month experiment” or “grind research to a halt” (blog.gpai.app).

However, implementing PdM on lab equipment also has caveats. Unlike large manufacturing machines that run

continuously, some lab devices may not have high enough usage to generate rich historical data quickly. Some

instruments are used intermittently, making it harder to accumulate the data needed for machine learning. Data

quality can suffer if lab logging is inconsistent. Furthermore, laboratories often cannot tolerate intrusive

sensors or downtime for installation; any PdM solution must not contaminate samples or interfere with

validated processes.

Regulatory considerations also factor in labs, especially in healthcare and pharma. Workflows must stay in

compliance with standards (e.g. FDA’s 21 CFR Part 11 for data integrity, GLP/GMP guidelines). Predictive
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maintenance tools may need validation and documentation to satisfy auditors. In this sense, ROI for PdM in labs

is not purely economic but part of a broader “quality ROI” – maintaining compliance and patient safety.

The ROI Question: Costs vs. Benefits

The core question is whether the benefits of PdM outweigh its costs. Return on Investment (ROI) in this

context means:

(Benefits of reduced downtime, repair costs, and extended equipment life – minus the investment costs of

PdM deployment) / PdM investment costs.

Investment costs include sensors, data infrastructure, software, analytics development, training, and process

change management. Benefits include avoided downtime losses, fewer emergency repairs, extended

maintenance intervals, and sometimes improved output quality or throughput. Additional gains may come from

intangible areas: better confidence in equipment, data-driven decision making, and competitive edge.

Given the complexity, direct empirical ROI data in lab-specific contexts is rare. Much of the available ROI

evidence comes from industrial case studies or general maintenance analysis. However, even in broader

industries, reported ROIs are often striking: DOE studies and vendor reports frequently cite “10× ROI” as a rule-

of-thumb for predictive maintenance investments ([5] upkeep.com) ([4] oxmaint.com). For example, a US

Department of Energy database notes that well-executed PdM can reduce breakdowns by 70–75% and

downtime by 35–45%, translating into roughly tenfold returns ([5] upkeep.com) ([4] oxmaint.com). These figures

stem from aggregated analyses (many of which may be proprietary), but they illustrate the high potential if a

PdM system is robust.

Yet, such high ROI is not guaranteed; it depends on several factors. Critical ones include:

Downtime Cost: The higher the cost per hour or day of an outage (lost revenue, delayed research, contractual penalties),

the greater the benefit of avoiding downtime. In lab settings, downtime costs are often measured in lost throughput. For

instance, KMC Systems notes that 1,000 samples/day at $50 each means $50,000/day; a 48-hour downtime thus costs

roughly $100,000 in lost revenue ([1] www.kmcsystems.com). Similarly, Simbo AI reports that for an MRI scanner, one day

of downtime can cost over $41,000 ([2] www.simbo.ai). These values highlight why expensive equipment with high

utilization is a prime target: avoiding even a single bad outage can justify significant monitoring expense.

Failure Frequency and Predictability: If equipment seldom fails or fails randomly, the scope for improvement is limited.

PdM pays off more when equipment has wear-out characteristics that can be sensed. For example, a centrifuge bearing that

predictably degrades will yield to vibration analysis, whereas an artifact-ridden failure mode might not. The DOE data

implicitly assumes that a significant percentage of failures can be anticipated by condition monitoring ([4] oxmaint.com). In
contrast, if failures are largely unpredictable (e.g. due to rare manufacturing defects or operator error), the ROI is lower.

Quality and Quantity of Data: ML scheduling requires historical data on normal and failing operations. Insufficient or noisy

data degrades model accuracy. As one recent review notes, data gaps and low-quality data are key challenges that hinder

PdM ROI measurement ([20] www.sciencedirect.com). Laboratories must invest in reliable data collection (which can mean

retrofitting older instruments with sensors or upgrading software logs). If capturing the needed data requires too much

work, the initial PdM cost goes up.

Integration and Change Management: The cost of integrating PdM (software, training, process updates) is non-trivial.

Organizations may be “highly resistant” to changing maintenance culture ([21] datacalculus.com), and there may be

compatibility issues with legacy lab information systems. Our sources note that initial investment costs – in new sensors,

analytics, and training – can be substantial before savings accrue ([21] datacalculus.com) ([22] upkeep.com). This means
PdM often has a multi-year payback horizon. Only labs expecting to use an instrument intensively or for many years may

achieve net positive ROI after amortization.
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The balance of these factors leads to our core thesis: ML-driven predictive maintenance pays off best when

(a) equipment is expensive and heavily used, (b) downtime is very costly, © malfunctions have detectable

precursors, and (d) the lab can support the data infrastructure needed. In the sections that follow, we

unpack each of these considerations in detail, drawing on concrete data and examples.

The Mechanics of ML-Based Predictive

Maintenance

How ML Scheduling Works

“Machine-learning scheduling” in the context of maintenance refers to using predictive analytics to plan

maintenance tasks. It goes beyond simply predicting failures; it involves optimizing the timing and allocation of

maintenance resources based on those predictions. The workflow is generally as follows:

1. Data Collection: Sensors and logs capture relevant signals from the instrument (vibration, temperature, cycle counts, error

codes, etc.) over time (blog.gpai.app). Labs may augment built-in instrument telemetry with external sensors (e.g. attaching

accelerometers to microscope motors).

2. Feature Engineering and Model Training: Historical data are preprocessed. Domain knowledge is used to compute features

– for example, rolling averages, frequency-domain peaks, or rates of change (blog.gpai.app). A dataset of past usage and

failure events (if available) is assembled. ML models (e.g. Random Forest regression for RUL, anomaly detection algorithms,

deep learning such as LSTM for time-series) are trained to learn the relationship between features and failures

(blog.gpai.app) (blog.gpai.app).

3. Real-Time Monitoring and Prediction: Once the model is trained, live data flow through the same feature pipeline and the

model continuously outputs health status or RUL predictions. An alert might be triggered when the predicted RUL drops

below a threshold or if an anomaly is detected above a confidence threshold.

4. Maintenance Scheduling and Decision: The predicted failure time informs scheduling. If an instrument is predicted to fail

in, say, 72 hours, maintenance (e.g. replacing a component) can be scheduled at a convenient upcoming downtime window

(perhaps overnight or a weekend) rather than in an emergency. In ML scheduling, this decision can be automated: software

can allocate technician time, procure spare parts, and adjust service calendars based on predicted needs.

This ML-driven process contrasts with static schedules. In a wording from industry: “ [ii]t’s not about no

maintenance — it’s about predicted and planned maintenance enabling the system to operate longer.” ([23]

www.kmcsystems.com). By scheduling maintenance exactly when needed (and not earlier), PdM seeks to

maximize uptime.

Key Components and Technologies

Sensors and IoT: Predictive maintenance relies on connected equipment. New lab instruments often include IoT capabilities;

older ones may need retrofit sensors. Advances in wireless and compact sensors make it easier to instrument pumps,

heaters, fans, etc. (e.g. piezoelectric vibration sensors, thermocouples, current clamps) ([24] www.kmcsystems.com).

Data Infrastructure: Collected data must be stored and processed. Many organizations use cloud-based analytics

platforms for PdM data, which can integrate across multiple machines and sites ([25] datacalculus.com) ([26]

petasense.com). Real-time data ingestion and dashboarding are common features, as in GE’s OnWatch platform for MRIs

([27] www.simbo.ai).
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Machine Learning Models: A variety of models are employed. Simpler approaches might use threshold-based alerts or rule

engines. More advanced setups use supervised learning (regression or classification) or unsupervised anomaly detection.

Deep learning (RNNs/LSTMs, Transformers) is emerging for complex time-series (blog.gpai.app) (blog.gpai.app). The choice

depends on data volume and problem complexity. For example, a digital twin approach can use a simulation model, while

others apply statistics or neural nets.

Analytics Team: Success often requires collaboration between equipment experts and data scientists. Analyzing lab

equipment needs physics-based understanding (e.g. what sensor signals truly indicate wear) combined with ML expertise.

As one example from KMC Systems shows, OEMs design sensor suites but rely on customers to share data and on data

scientists to interpret it ([28] www.kmcsystems.com).

Maintenance Scheduling Algorithms

Once predictions are available, scheduling algorithms can optimize which maintenance tasks to do and when.

Simple heuristics may suffice (e.g. if prediction < 72h, schedule immediate service). But in larger labs with many

instruments, more complex scheduling (like production scheduling) is needed. For instance, priority might be

given to the instrument with the earliest predicted failure or to the one whose downtime would cost the most. In

distributed labs, predictive platforms centralize scheduling across sites ([29] petasense.com).

Advanced scheduling can use optimization methods or reinforcement learning to balance maintenance

workloads. Some commercial PdM tools include workflow modules to balance technician availability, part

inventory, and operational calendars. Coordination with existing Planning systems (e.g. Maintenance

Management Systems) is important.

Benefits of ML Scheduling (Data-Driven Maintenance)

The advertised benefits of ML-driven scheduling in literature and industry promise are significant:

Reduced Unplanned Downtime: By forecasting failures, PdM can schedule fixes before breakdowns. This is quantifiable –

DOE data suggests unplanned failures can drop by over 70% ([4] oxmaint.com). In practice, labs report “drastic” uptime

improvements after PdM pilots ([16] datacalculus.com).

Cost Efficiency: Reactive maintenance often entails overtime labor, rush shipping of parts, and salvage of experiments

(which is costly). PdM avoids these “crisis” expenses. For example, KMC Systems notes emergency downtime entails not

only repair costs but huge opportunity losses for labs ([1] www.kmcsystems.com) ([30] www.kmcsystems.com). By

contrast, planned maintenance can often be done with staffed hours and without data loss.

Extended Equipment Life: Replacing components exactly when needed (not too early) can extend asset life. Oxmaint

reports warnings that PdM can increase component life 20–30% ([4] oxmaint.com). Less wear-and-tear from broken parts

also prevents “domino effects” of one failure damaging another part.

Optimized Resource Allocation: ML scheduling helps labs use technicians and parts more efficiently. Instead of blanket

testing of all machines monthly, teams focus on the fraction flagged by predictions as at risk. This improves maintenance

productivity and avoids wasteful inspections ([31] upkeep.com) ([32] datacalculus.com).

Improved Output Quality: While not strictly ROI, fewer equipment hiccups mean more consistent lab results. As

DataCalculus points out, outages can compromise diagnostic data integrity; predictive maintenance can thus indirectly

improve patient outcomes and data quality ([33] datacalculus.com). In manufacturing labs, early fixes prevent process

deviations that could yield substandard products.
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Safety and Compliance: In medical/pharma labs, avoiding equipment failures is also safer for patients and staff.

Unexpected breakdowns (e.g. in sterilisers, cryopreservation freezers, ventilation systems) can endanger samples or

individuals. A predictive system ensures checks happen during safe windows. For instance, Simbo AI highlights that PdM in

hospitals reduces emergency repairs and helps meet care quality standards ([34] www.simbo.ai).

We summarize these differences in Table 1 below.

Maintenance

Strategy
Approach Key Benefits Key Drawbacks/Costs

Reactive

(Run-to-Fail)

Fixes or replaces

equipment only

after failure. No

advanced warning

or schedule.

Simple, no data/analysis required. Lower

up-front cost.

Extremely high unplanned downtime and

emergency costs ([16]

datacalculus.com) ([2] www.simbo.ai).
Lost experiments/product and overtime

labor. High risk of collateral damage

(e.g. loss of samples in a lab).

Preventive

(Scheduled)

Routine

maintenance on

fixed schedule

(time or usage).

Reduces some failures. Predictable

planning. well understood in many labs.

Can waste resources by replacing

components prematurely. Breakdowns

may still happen between intervals.

Scheduling may interrupt operations

even when not needed.

Predictive

(ML-Driven)

Uses sensor/usage

data and ML models

to forecast failures;

schedules

maintenance just in

time.

Minimizes unplanned downtime ([16]

datacalculus.com) ([4] oxmaint.com).
Optimizes part and labor usage. Extends

asset life (20–30%) ([4] oxmaint.com).
Improves cost efficiency by avoiding

emergency repairs ([35]

datacalculus.com). Enhances data/patient
quality by avoiding abrupt failures.

Requires investment in sensors,

analytics, and training ([21]

datacalculus.com). Dependent on data

quality; complex to implement and

validate. May need culture change in

organization. Initial integration can be

costly ([21] datacalculus.com) ([36]

upkeep.com).

Table 1: Comparison of maintenance strategies. Predictive maintenance (via ML scheduling) offers significant

reductions in downtime and cost compared to reactive or fixed schedules, but demands greater data and

implementation effort (sources: industry reports and case studies ([16] datacalculus.com) ([4] oxmaint.com) ([1]

www.kmcsystems.com)).

Economic Analysis: Calculating ROI
Assessing ROI involves quantifying both the costs of downtime/failures and the costs of implementing PdM ([37]

upkeep.com). We break down the key components of this analysis:

The Cost of Equipment Failure

Direct Downtime Costs

For many laboratories, the primary cost of failure is lost productivity or revenue. In a diagnostic lab, machines

generate test results that directly yield revenue (fee per test). If a machine is offline, each hour it sits idly

equates to lost throughput. For example, KMC Systems’ interview estimates: 1,000 samples/day at $50 each

yields $50,000/day. A 48-hour outage thus costs about $100,000 in unreported test fees ([1]

www.kmcsystems.com). This does not include the direct cost of repairs. Similarly, Simbo AI cites $41,000/day lost

if an MRI is down, reflecting both lost billing and delayed patient care ([2] www.simbo.ai).
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In industrial labs (pharma or biotech), downtime can also mean halted production lines or spoiled batches. A

broken upstream instrument might force cancellation of a run; the cost is the value of raw materials and lost

throughput. Even in research labs, perhaps with no immediate revenue, downtime costs appear as wasted

researcher labor, grant delays, or loss of intellectual property time. While harder to quantify monetarily, these

factors align with revenue losses in a corporate lab context.

Secondary Costs

Besides throughput, unexpected failures entail extra repair costs. This includes:

Expedited shipping/repair fees for parts needed immediately. OEMs often charge premiums for rush parts

or off-hours service.

Overtime labor for technicians called in suddenly, typically at 1.5–2× wage.

Collateral losses: e.g. in a clinical lab, patient backlogs or rescheduling can incur penalties (e.g. liquidated

damages in contracts) or reputation loss.

Experimental waste: an important lab experiment ruined by an instrument failure can cost far more in

materials and time than the instrument itself. For instance, if a special assay sample is lost, the cost per

sample may multiply the lost opportunity value.

One case from KMC quantifies some of these: beyond the $100k direct revenue loss, the analysis pointed out

“additional costs in equipment service and parts” and reimbursement losses from OEM subscriptions ([1]

www.kmcsystems.com). So, effectively, a single day’s outage cascades through multiple stakeholders.

Intangible Benefits (Hard to Quantify)

Some benefits of PdM go beyond immediate ledger entries but translate into long-term savings:

Extended Asset Life: As cited, DOE and industry studies estimate components can last 20–30% longer

under PdM regimes ([4] oxmaint.com). This effectively defers capital replacement costs. If a $200k

instrument’s life is extended by 5 years, the present value saving is significant.

Quality/Reliability: Avoiding one catastrophic event may save a lab from expensive recalls or revalidation

efforts. While not always easily monetized, lab directors recognize value in consistent quality.

On-Call Avoidance: Predictive scheduling can reduce the need to have technicians standing by 24/7,

cutting overhead.

Regulatory Compliance: Predictable maintenance with thorough logs can simplify audit trails. Fines or

shutdowns due to equipment error (e.g. in pharma compliance) can be extremely costly; PdM helps prevent

these scenarios.

Although intangible, these factors influence risk-adjusted ROI. For instance, Petasense notes that avoiding an

“FDA compliance issue” is effectively worth many times any maintenance cost ([10] petasense.com).

The Investment Side

Implementing ML scheduling has several cost components:
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Sensors and Hardware: If the instruments are not already “smart”, labs must install sensors or upgrade hardware. Many

modern lab instruments have built-in sensors, but many older models do not. Wireless vibration/temperature sensors, or IoT-

enabled loggers (e.g. small PCs or PLCs connected to the instrument) may be required ([8] www.luxoft.com) . Costs can
range from a few hundred to a few thousand dollars per sensor, and multiple sensors may be needed per instrument. For a

lab with dozens of critical machines, the capital outlay in hardware adds up.

Connectivity and Infrastructure: Data from sensors must be transmitted to analysis platforms. This may involve networking

costs (Wi-Fi/Bluetooth gateways, cable runs), data storage (local servers or cloud), and software subscriptions. According to

studies, the “IT is another point of concern” for PdM because modern ML systems rely on robust data pipelines ([38]

upkeep.com). Some lab settings (hospital IT networks) have strict security, which can complicate installation.

Software and Analytics: Central to PdM is analytics software. This might be a cloud service, an on-premises platform, or

custom ML development. Licenses, development, and integration costs can be significant. For example, ERP/CMMS vendors

often price PdM modules in the high five or six figures for enterprise deployments. Open-source tools exist (e.g. Python ML

frameworks), but setting them up still requires engineering effort. Additionally, the cost of developing and validating useful

ML models can be substantial, especially if done in collaboration with external consultants.

Labor and Training: Employees need training on new maintenance workflows and tools ([39] datacalculus.com). Data
scientists or specialized PdM engineers must be engaged. There is also an “ongoing maintenance” cost for the PdM system:

updating models, managing sensor health, and tuning parameters as equipment ages or usage patterns change ([40]

datacalculus.com) ([41] datacalculus.com). Training maintenance staff to trust and respond to model outputs is itself an

investment.

Opportunity Cost of Change Management: Adopting ML scheduling disrupts existing processes. There may be “soft costs”

of cultural change as teams shift from rule-of-thumb schedules to data-driven alerts. Organizations often need a phased

implementation to manage this, as noted in best-practice guides ([42] datacalculus.com). During pilot phases, some

duplication of effort (old and new systems running in parallel) is common, which adds temporary cost.

Calculating ROI

Formally, ROI can be computed as:

\ [ \text{ROI} = \frac{\text{Total Savings} - \text{Total Costs}}{\text{Total Costs}}. ]

Total Savings might include annual reductions in downtime cost, labor cost, parts cost, and deferred

capital expense. For example, if PdM saves 100 hours of downtime per year at $1,000/hour lost (total

$100,000/year) and reduces parts/spares usage by $20,000/year, the total benefit could be $120,000/year.

Total Costs include initial deployment (sensors+software) plus ongoing annual costs (cloud fees, labor for

maintenance).

Consider a simplified illustrative example:

Parameter Value

Annual downtime reduction (hours) 100 hours

Cost per hour of downtime $1,000

Annual parts inventory savings $20,000

Total annual benefit $120,000

Upfront PdM installation cost $150,000

Ongoing annual PdM operation cost $30,000

ROI (year 1) (120k-180k)/180k ≈ -33% (loss)

ROI (year 2+) (120k-30k)/ (approx investments)
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In year 1, high installation costs may outweigh one year’s benefit (negative ROI). However, in subsequent

years, only the smaller operating cost remains, so the program “pays back” over time. If the PdM system runs

for several years, the cumulative savings can yield ROI above 100%. Indeed, a key lesson is that PdM ROI often

requires a multi-year horizon.

UpKeep’s ROI guide advises companies to project a 4–7 year horizon to capture the full return ([43]

upkeep.com). Many manufacturing case studies (Tetra Pak, Ford, etc.) achieved payback in <2 years once

systems were tuned. Deeper capital efficiency (extending equipment life) further amplifies ROI over the entire

lifecycle.

ROI in Lab Context

Applying ROI analysis specifically to lab instruments: suppose a clinical analyzer costs $500,000 and generates

$200,000 revenue/year. If unexpected failures (and maintenance) currently cost the lab $50,000/year (downtime

+ repairs). Implementing PdM might reduce that by 50% ($25,000 saved), and perhaps avoid one full instrument

replacement over 5 years ($500k saved over 5 years = $100k/year of deferred capital). The lab may spend

$100k to deploy PdM on that machine (sensors & software) plus $10k/year to run it. Yearly net benefit ~$25k

(downtime saved) + $100k (deferred replacement) - $10k = $115k in ongoing benefit per year after initial year.

This simple scenario shows how multi-year capital deferrals can tilt the balance in PdM’s favor. Actual lab

scenarios would need precise numbers, and labs often use ROI calculators that factor in sample volume,

reimbursement rates, labor rates, etc.

In summary, no single ROI number fits all: it must be calculated per lab situation. Still, the consensus of

industry analysis is that when done right, PdM often dilutes its own costs within 1–3 years and yields net

positive ROI thereafter ([5] upkeep.com) ([4] oxmaint.com). The remainder of this report explores the many factors

that make or break those calculations.

Evidence and Data: Quantifying PdM Benefits
To ground the ROI discussion, we survey empirical findings and models from multiple sources in manufacturing,

healthcare, and lab environments. Below we aggregate key data and findings.

General Industry Findings

Several broad studies have quantified PdM benefits:

Department of Energy (DOE): Though we rely on secondary reporting, UpKeep’s article cites DOE data indicating 70–75%

fewer breakdowns and 35–45% reduced downtime under PdM, with potential 10× ROI ([4] oxmaint.com). It also reports 20–

30% extended equipment life and 18–25% reduction in maintenance labor. These are high-level industry averages; a lab

must adjust to its own context, but the magnitude is noteworthy.

Manufacturing Case Studies:

Tetra Pak (Food packaging): By deploying a cloud-based PdM platform, they saved a dairy customer over 140 hours of

downtime in one instance ([6] upkeep.com). While the exact dollar value wasn’t given, at e.g. $5,000 per hour for food

processing, this is in the range of $700k saved for that incident. This demonstrates potential scale of benefits when

equipment is high-throughput.
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Mueller Industries (Metal manufacturer): Using handheld sensors and ML, they discovered rapid bearing wear that

traditional maintenance missed ([44] upkeep.com). By catching it early, they likely avoided catastrophic failure. (No explicit

ROI given).

Daimler Chrysler (Auto assembly): Infrared analysis caught misalignments on 100+ machines before installation, saving

about $112,000 in preventable repairs ([45] upkeep.com). This case highlights the pre-deployment PdM – using analytics to

screen new assets.

Benchmark Metrics: A professional survey (Oxmaint 2025) reports that across respondents, 95% achieved positive returns

on PdM, with 27% seeing full payback within 12 months ([46] oxmaint.com). Oxmaint also cites a median industrial

downtime cost of $125,000/hr to underline stakes. Such metrics underscore that most mature PdM projects do recoup costs

quickly, though the distribution is broad.

Spare Parts Inventory: UpKeep notes PdM can reduce spare parts inventory spend by ~10% ([47] upkeep.com), since
parts are replaced strictly as needed. This is a secondary cost-saving often overlooked.

Energy Efficiency and Safety: Continuous optimal operation requires less energy (since worn equipment often consumes

more power), and fewer emergency shutdowns improve workplace safety ([48] upkeep.com) ([34] www.simbo.ai). These
“side” benefits, while not central to ROI, contribute to overall facility efficiency.

Laboratory/Healthcare Specific Data

While most published ROI stats come from industry, some relevant data emerges for healthcare and labs:

MRI and Medical Devices: In “healthcare facilities,” one example is GE’s OnWatch for MRI. According to Simbo AI, this

digital twin-based PdM system is deployed at over 1,500 US sites, extending MRI availability by ~4.5 days per year per

machine on average ([27] www.simbo.ai). It also cut unplanned MRI downtimes by 40% and service calls by 35%. These

metrics imply large financial impact: each additional day of MRI uptime is tens of thousands in scans performed.

Medical Lab Equipment: KMC’s interview provides an illustrative calculation: a 48-hour failure of a high-throughput COVID-

19 test machine costs $100,000 in lost lab revenue ([1] www.kmcsystems.com). Applied more generally, if such a machine

typically runs 7 days/week, avoiding even one unscheduled 2-day outage per year justifies a significant PdM budget.

Patient Care Impact: Though not direct ROI, predictable equipment uptime in hospitals improves patient outcomes. Simbo

AI cites a health researcher stating that PdM alerts biomedical engineers early about issues, helping patient safety by

avoiding machine failures mid-care ([49] www.simbo.ai). For example, a delayed MRI scan might increase hospital stay

costs (one simulation: 1-day MRI delay leads to 2–3 days of community spread risk in COVID, multiplying downstream

healthcare expenses ([50] www.kmcsystems.com)).

Lab Automation (ROCHE): A recent Roche Diagnostics report on lab automation mentions that improved automation (which

often includes built-in maintenance alerts) yields high ROI by reducing manual labor and errors ([51]

diagnostics.roche.com). While not specifically PdM, it confirms that labs view technology as key to efficiency.

Survey Data: Some market analysis chronicle the growth rates of the lab PdM market (as in DataIntelo) but data on realized

ROI in lab settings is scarce.

Data from Case Studies (Aggregated)

To compare across scenarios, Table 2 summarizes a collection of case examples and reported effects. The table

mixes quantitative and qualitative outcomes to show the range of PdM performance in real use cases.
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Case/Company
Industry /

Instrument
Action/Tech Outcomes (ROI Data) Source

Tetra Pak / Dairy

production

Food processing

(packagers)
Cloud IoT, analytics

Saved >140 hours downtime for a

dairy customer; avoided shipping

service teams.

UpKeep Case Study ([6]

upkeep.com)

Mueller

Industries

Metal

manufacturing

(machined parts)

Handheld vibration

sensors + ML app

Detected hidden bearing wear on

high-speed machines; prevented

downtime (quantified in hours

earned). Embedded in app for

techs.

UpKeep Case Study ([44]

upkeep.com)

Ford

(Commercial

Vehicles)

Automotive

(paint booths)
Predictive analytics

Saved 122,000 hours of downtime

and $7M on a single component

line by foreseeing 22% of failures

10 days early.

Oxmaint Report ([7]

oxmaint.com)

Chrysler (Toledo

plant)

Automotive

(machinery)
Infrared + vibration

Found issues in 100+ machines

pre-installation, saving ~$112,000

in repair costs.

UpKeep Case Study ([45]

upkeep.com)

KMC Systems

Clinic Lab

Clinical

diagnostics

Vibration/electrical

sensors + analytics

Identified critical components at

highest risk; $100K cost if 48h

downtime avoided ([1]

www.kmcsystems.com).

KMC Interview ([1]

www.kmcsystems.com)

GE Healthcare

MRI (OnWatch)

Medical

scanning (MRI)
Digital twin & PdM

+4.5 days/yr uptime per MRI, –

40% unplanned downtime, –35%

service calls per machine.

Simbo AI Summary ([27]

www.simbo.ai)

Leadsuna

Pharma (Luxoft

POC)

Pharmaceutical

lab (dissolution

tester)

Computer vision, DL

Automated detection of mis-

calibration; operational delays

“now a thing of the past.” (Quotes

describe time savings and no

more human error)

Luxoft Case Study ([8]

www.luxoft.com) ([52]

www.luxoft.com)

Generic Hospital

(Simbo AI)

Medical devices

(ventilators,

etc.)

Condition

monitoring

Report: Dramatically fewer sudden

failures, enabling planned

maintenance and avoiding patient

care disruptions.

Simbo AI Blog ([34]

www.simbo.ai) ([53]

www.simbo.ai)

Table 2: Selected case study highlights of PdM/ML scheduling. Numbers indicate benefits such as downtime

saved or cost avoided. Exact ROI varies; these examples illustrate substantial gains in different contexts.

Notes on Table 2:

The Ford and Chrysler studies are from general manufacturing but show scale. In labs, the analog is that an

instrument might not save millions, but even tens of thousands per year can matter.

The Khromium pharma (Luxoft) example did not publish dollar figures, but quotes emphasize elimination of

human observation errors and downtime. Such qualitative outcomes often precede quantification in

innovation projects.

In many cases, the timeframe of ROI is not given. Typically, these improvements accrue over months. The

Chrysler and TetraPak cases were likely one-time events or initial deployments, so ROI is front-loaded.

The UpKeep and Oxmaint sources combine specific cases with general survey data (e.g., Oxmaint’s stats

on how many companies break even in 12 months ([46] oxmaint.com)).
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Statistical Trends and Market Data

While not a substitute for case evidence, market analyses offer a picture of scale:

The global lab predictive maintenance market is projected at $1.42B in 2024, growing at nearly 20%

CAGR to reach roughly $6.92B by 2033 ([3] dataintelo.com). This rapid expansion reflects broad industry

uptake.

Growth drivers cited include “need for operational efficiency,” “reduction in downtime,” and “increasing

integration of AI/IoT in labs” ([3] dataintelo.com). In particular, sectors like pharma & biotech, diagnostics

labs, and research institutions are highlighted as end-users.

Among deployment modes, both on-premises and cloud solutions are important; labs often weigh data

security (favoring on-prem) against ease of cloud scalability .

These macro data suggest that many stakeholders expect positive ROI; otherwise, the market would not be

expanding so fast. Nevertheless, market forecasts (DataIntelo) are vendor-supplied and should be viewed

cautiously.

Detailed Analysis: When and How ML Scheduling

Pays Off
Having reviewed the promise and evidence, we now drill deeper into when predictive maintenance (especially

ML-based scheduling) truly delivers and when it may not. This section examines key factors, pitfalls, and

decision criteria.

Criteria for High ROI Scenarios

1. High Downtime Cost per Hour: ROI naturally correlates with how costly downtime is. In hospitals or critical testing labs,

each hour of outage may delay patient results or experiments significantly. An MRI example: downtime at $40k/day ([2]

www.simbo.ai). In a clinical lab, downtime can mean thousands of patient samples delayed or critical diagnostic errors.

When downtime is cheap (e.g. a back-up instrument is always available and few tests depend on one machine), the ROI

shrinks.

2. High Equipment Value and Replacement Cost: If an instrument costs hundreds of thousands, extending its life even by a

year or two is a huge capital saving. Many lab instruments have planned lifetimes as part of their business models. The

longer you push that lifetime through fewer breakdowns, the better. For example, if a bioreactor costing $1M usually needs

replacing every 10 years, adding 2 extra years with PdM effectively gains $200k/yr in lifespan value.

3. Frequent Usage or Critical Throughput: An instrument that runs 24×7 is more likely to accrue failures (wear) than a rarely

used one. Thus, heavy-use instruments stand to gain more from condition monitoring. The DOE numbers (70-75% fewer

breakdowns) implicitly assume significant usage. Conversely, a little-used spectrophotometer may sit in shelves for weeks –

in that case, the annual “pain” of one breakdown is low.

4. Predictable Failure Modes: Equipment with degradable components (bras, pumps, disks, etc.) will show precursor signals

(vibration, drift). PdM is less effective for devices that fail randomly (e.g. one-off electronic board failure) unless that too

can be probed (e.g. by component temperature logging). Labs should evaluate whether their maintenance history shows

patternable wear. For example, if acid spills in a fume hood cause unpredictable etching of parts, PdM yields little; but if a

pump’s life correlates with run-hours, it’s perfect for ML scheduling.
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5. Data Infrastructure and Talent: ROI only materializes if the PdM system works. Having skilled data analysts or vendors, and

a robust data pipeline, is essential. If an organization underestimates the effort to clean data and validate models, their PdM

trial may fail. In effect, organizational readiness is itself a criterion. Industries that have adopted IoT and Industry 4.0 (like

automotive and large pharma) are reaping benefits now ([29] petasense.com). Smaller labs or those with boarded-up IT

might struggle.

Example: A large clinical lab chain reported quickly aggregating sensor data across multiple sites off one

platform, allowing easy cross-comparison and economies of scale ([29] petasense.com). Small independent

clinics would need each to stand up their own system, costing them.

6. Regulatory and Quality Considerations: When data integrity and compliance is paramount (like pharma

GMP labs), PdM can actually be more attractive. It reduces risk of excursions or failed validations. In such

highly regulated labs, even if pure financial ROI might be modest, risk mitigation itself has value. In these

cases ROI discussions include “avoided regulatory penalty” which can dwarf normal costs. Petasense’s

pharma article notes that PdM is “a key part of ensuring compliance and continuous high-quality

production” ([10] petasense.com).

Cases Where ROI May Be Marginal

Conversely, situations where PdM tends not to pay off include:

Low usage, low downtime cost instruments: If a device is mainly for occasional R&D, an extra hour of downtime is little

consequence. An example: a shared teaching lab instrument used by different classes might fail; since teaching schedules

are flexible, catching it up a day later costs only scheduling inconvenience, not dollars.

Cheap/Redundant Equipment: Low-cost analyzers (say a $10k bench spectrometer) may be cheaper to replace than to

maintain with sophisticated tech. Additionally, if a lab has many identical machines, a failure of one just shifts workload to

another, diluting the urgency. In such cases, PdM ROI can be too small to justify high system costs.

Data Quality Problems: If sensors are unreliable or false alarms frequent, trust in PdM drops. High false alarm rates not

only miss ROI (by causing unnecessary checks) but also waste technician time. Labs that found their instrument logs

incomplete have reported difficulties building effective models. As a rule, “garbage in, garbage out” applies: poor input

data can yield an ineffective predictive model, obliterating ROI.

Short-Term Projects: Some lab assets are needed only for brief periods (e.g. equipment rented for a specific project).

When the instrument’s service life in that context is short (e.g. 6–12 months), there may be no incentive to invest in PdM –

the instrument might be returned or replaced rather than repaired. ROI must consider the time horizon: PdM typically breaks

even over multiple years, so short-lived assets often skip it.

Hidden Costs and Disruptions: Occasionally, PdM introduction itself can cause operational hiccups (sensor calibration

needed, initial false positives, modifications that require downtime). If not managed, these can negate early ROI. Change

management cost was listed as a drawback in our table ([21] datacalculus.com). Ironically, the worst-case scenario is that

an instrument breaks during PdM installation or testing, ironically increasing risk in the short term.

Return Timing: The Payback Curve

Because PdM has high upfront cost and ongoing benefits accrue over time, ROI often follows an S-curve

(low/negative return initially, then rising). Many case studies cite 2–3 year payback as normal for significant

PdM projects. For instance, Oxmaint notes 27% of companies hit full payback in 12 months ([46] oxmaint.com),

implying most break even in 1–2 years. Lab managers should thus plan for multi-year budgets.

It is prudent to model ROI under different scenarios. Analytical frameworks often use Total Cost of Ownership

(TCO) or Net Present Value (NPV) approaches. For example, a lab can build a spreadsheet with current

maintenance costs (tearsheets from a Computerized Maintenance Management System – CMMS) and overlay
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PdM savings estimates. Key metrics to include are: baseline failure rate, mean time to repair, cost per repair,

expected reduction in failure rate, sensor/software costs, and discount rate for future savings ([37] upkeep.com).

In practice, many labs start with a pilot on a few critical instruments (a low-risk way to estimate benefits). After

seeing real data, the PdM program is scaled up and ROI recalculated. Successful pilot results—like the Luxoft

case where a 5-month development of a vision model eliminated a major source of calibration error ([8]

www.luxoft.com)—serve as proof-of-concept that can justify further investment.

Perspectives and Stakeholder Considerations
Implementing predictive maintenance involves multiple stakeholders in the lab environment. Here are some

perspectives:

Lab Management / C-suite: Interested in overall costs and productivity. They will care about ROI, uptime statistics, and

competitive advantage. Data shows that well-run PdM initiatives drive high-level metrics: overall equipment effectiveness

(OEE) improvements, revenue preservation, and compliance. Management will likely set ROI targets and may fund pilots of

PdM technology.

Maintenance and Engineering Teams: Concerned with technical feasibility. Their focus is on reliability of the ML system,

integration with existing CMMS, and practicality (ease of replacing parts on schedule). They may be skeptical: “We already

do preventive maintenance; why add complexity?” The literature suggests involving them early, and emphasizing efficiency

gains (less firefighting, more planned work) can ensure buy-in ([54] datacalculus.com). Technicians may demand evidence

that ML predictions actually match real failures before trusting alerts.

IT/Data Groups: Responsible for infrastructure. They will assess data security (especially in healthcare/lab contexts with

patient data), network load, and software compatibility. On-premises vs cloud decisions matter. IT concerns can be a

bottleneck; projects must include IT early to resolve privacy or firewall issues ([55] www.simbo.ai).

Finance and Procurement: Need detailed cost/benefit analysis. Our ROI framework is exactly for their review. Finance will

also consider budgeting for PdM as CAPEX vs OPEX, asset capitalization, etc. Procurement will negotiate contracts with

sensors and software vendors and might bundle PdM as an enterprise asset management (EAM) service.

Quality / Regulatory Affairs: In labs that must comply with standards (CLIA in medical labs, FDA for pharma, ISO in

industrial labs), PdM must fit existing quality systems. Quality teams might view PdM as a facilitator for compliance

(maintaining continuous equipment control) ~ if implemented with proper documentation. But they will require validation of

any new processes (e.g. demonstrating the monitoring software does not affect data integrity). Documentation from

companies like Petasense emphasizes that modern PdM platforms have features (audit trails, role-based access) to satisfy

regulatory needs ([26] petasense.com).

Executive Strategy: Long-term oriented stakeholders will consider how PdM fits into trends (AI adoption, digital

transformation). Many labs are adopting automation and digitization; PdM is often part of this “digital lab” story. For

example, as lab workforces get leaner, automation of maintenance becomes more attractive, and ROI calculations may lean

toward long-term strategic gains (brand, market share, innovation capacity).

Data Analysis and Tables

Maintenance Strategy Comparison (Revisited)

Extending Table 1, we provide a more detailed breakdown of how typical costs and outcomes differ among

strategies. The table below quantifies illustrative metrics (some from sources, some normative).
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Metric Reactive
Preventive

(Scheduled)
Predictive (ML)

Unplanned Downtime (%) (time per

year equipment is down unexpectedly)
Very high (10–20%) Moderate (5–10%) Low (<5%) ([4] oxmaint.com)

Planned Downtime (%) (for

maintenance)

0% (all downtime

unplanned)
Fixed (e.g. 10%) Small scheduled (≈5%)

Maintenance Labor (hrs/year)
Varied; often overtime

surge
Steady routine hours

Lower variance; mostly planned

tasks

Spare Parts Usage (annual cost)
High (reactive

replacements)

Moderate (routine

replacements)

Minimal; parts replaced only upon

condition signals ([47]

upkeep.com)

Equipment Life
Base lifetime (set by

manufacturer)

Uncertain (stop-start

wear)

Extended by ~20–30% ([4]

oxmaint.com)

System Implementation Cost $0 (no new system)
$0 (uses existing

schedules)
$ (sensors, software, training)

Expertise Required
Low (mechanical

know-how)

Low (follows

schedule)
High (data science, analytics)

Modeling Confidence None (no model) None
High (statistical model accuracy

n/a)

Typical ROI $0 (no ROI concept)
Low or negative

(cost > savings)

Often strongly positive ([5]

upkeep.com) ([4] oxmaint.com)

Table 3: Illustrative comparison of maintenance strategies with respect to key operational metrics. The values

(e.g. downtime %) are illustrative. Predictive maintenance (ML-based) generally achieves the lowest unplanned

downtime and highest equipment life, but at the cost of system implementation. Actual outcomes depend on

context (sources as discussed above).

Discussion: Table 3 reinforces that predictive maintenance targets the hardest-to-manage metrics: by

minimizing unplanned downtime and improving equipment lifespan, it maximally affects ROI levers. Reactive

maintenance, by contrast, has zero cost to implement but suffers in asset uptime. Preventive sits in the middle:

it reduces downtime somewhat but often wastes maintenance effort. In data terms, reactive and preventive

strategies have no model confidence, while predictive has statistical accuracy (when trained well). ROI tends to

follow the inverse: reactive/preventive yield negligible or negative ROI compared to predictive.

ROI Calculation Example

To make the ROI concept concrete, we present a hypothetical scenario comparing reactive vs. predictive

maintenance on a single lab instrument:

Assumptions:

Instrument: Automated blood analyzer in a hospital lab.

Cost of analyzer: $300,000.

Annual test volume: 200,000 tests, revenue ~$20/test = $4M/yr.

Unplanned downtime causes ~1% revenue loss (so $40k/yr) under current reactive maintenance.

Current annual maintenance budget (technician + parts): $30k.

Proposed sensors/software installation: $50k upfront.
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Additional PdM operating costs: $5k/yr (cloud service plus minimal extra labor).

PdM effectiveness: 80% reduction in unplanned downtime.

Category
Reactive

(Current)
Predictive (With ML) Notes

Annual Downtime Cost
$40,000 (1%

revenue)
$8,000 (0.2% revenue) 80% reduction assumption

Current Maintenance Cost
$30,000

(labor+parts)

$30,000 (same, plus tools) + $5,000

PdM cost

Equipment Replacement

Benefit
$0 (baseline) $15,000/year lifespan extension

5 additional years life worth $75k

yield $15k/yr

Total Annual Cost $70,000 $53,000 Lower is better

Upfront PdM Cost $0 $50,000 (year 0 only) Paid year 0

Annual Benefit —
$17,000 (savings) + $15,000 life =

$32,000
Benefit vs reactive

Simple ROI Year 1 — (32k-50k)/50k = -36% Negative (investment year)

Cumulative ROI by Year

3
— >100% (positive after year 2) Strong payback

From this model, year 1 sees negative ROI due to the $50k investment, but by year 2 the cumulative savings

surpass the costs. By year 3-4, ROI is strongly positive. This aligns with many case reports: initial setback, then

wins. Importantly, we factored in the deferred replacement value, which in labs (where instruments are long-

lived) can dominate the ROI over time.

Such calculations, when refined with real lab data (failure logs, costs per incident, etc.), allow finance leaders to

decide whether to proceed. In practice, any lab considering PdM should run this kind of customized analysis.

Notably, if any one of the savings assumptions change (e.g., less downtime saved, cheaper maintenance, larger

PdM cost), ROI shifts dramatically — emphasizing the need for lab-specific data.

Case Studies and Real-World Examples
In addition to the illustrative cases above, we delve into a few more detailed examples from practice, focusing

on lab or healthcare contexts whenever possible.

Medical Diagnostics Laboratory (KMC Systems, 2022)

Scenario: A high-throughput COVID-19 testing lab encountered sporadic analyzer failures mid-run. Each 48h

outage halted testing of ~1,000 daily samples. The lab had a pay-per-test reimbursement model (roughly

$50/test).

Findings: In an industry interview (KMC Systems, 2022) experts calculated the impact: “If the machine runs

1,000 samples a day at $50 a sample and it takes 48 hours to come back online, that is $100,000 in lost

revenue” ([1] www.kmcsystems.com) plus costs of service and parts. The lab’s OEM (KMC) also lost shared

revenue.

Action & ROI: KMC partnered with the lab to deploy vibration and performance sensors on the analyzer’s

critical subsystems. Using ML models, they identified which component showed wear signals correlated with

breakdowns. Shifting maintenance to a predictive schedule (replacing parts just before their end-of-life)
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prevented several outages. Internally, the lab reported saving tens of thousands per year (exact audit not public)

and significantly smoother operations. This case underscores that for high-value tests, even a few prevented

failures justify moderate PdM investment. It also highlights that OEMs can play a role: by offering PdM as a

service, they can lock in customers and share in the revenue of prevented downtime.

Hospital Imaging (GE Healthcare OnWatch, 2025)

Scenario: GE Healthcare’s OnWatch Predict is a cloud platform for real-time monitoring of MRI scanners across

hospitals. It uses “digital twins” – a software replica of each scanner – to track performance.

Results: According to a healthcare analytics blog, OnWatch helped sites achieve on average +4.5 extra

operating days per year per MRI machine ([27] www.simbo.ai). In addition, there was a 40% reduction in

unplanned downtime and 35% fewer service calls needed. While GE’s data is aggregated across many hospitals,

it’s representative: big hospitals with many machines saw marked scheduling improvement, allowing patient

scan volumes to increase.

Implications: For hospital labs where MRI (or CT, etc.) downtime is very costly (specialized imaging centers rely

on throughput), these improvements translate directly to revenue and patient care. A 40% reduction in

downtime means fewer canceled appointments and faster diagnoses, which can be life-critical. This case shows

how vendors combining ML with IoT can deliver actionable PdM at scale. It also illustrates that even for steady

hospital processes, predictive scheduling has a measurable impact. The ROI in such systems is realized as

increased scanner utilization and deferred capital replacement, in addition to straightforward repair cost

reduction.

Pharmaceutical Manufacturing (Petasense, 2025)

Scenario: Leading pharmaceutical firms applied Petasense’s predictive maintenance on utility systems (e.g.

HVAC fans, pumps in sterile water lines, etc.). Detailed ROI numbers are not disclosed, but Petasense highlights

that monitoring such auxiliary equipment prevents “lost batches” and compliance issues ([10] petasense.com).

Outcomes: In anecdotes shared by Petasense, one company reduced valve failures in clean utilities by ~50%

within a year. Another found that constant monitoring of an agitator averted two process failures (worth

hundreds of thousands in productivity) that otherwise would have gone unnoticed until batch loss.

Financial Impact: Although proprietary, these case claims align with a broad industry understanding: downtime

in pharma is extremely expensive due to raw material and regulatory costs. Even small improvements (like

catching a failing motor in an HVAC unit responsible for cleanroom pressure) can prevent expensive

investigations or product discards. Where ROI is calculable, it often exceeds 100% over multi-year deployments.

This perspective emphasizes that PdM in labs is not only about the lab instruments themselves but also about

critical support systems (air, water, HVAC, etc.) whose failure indirectly halts lab work. Any comprehensive

PdM strategy in life-science labs should include these systems; the ROI on them is comparable to equipment

ROI when the consequences are dire.

Accelerated Program for Lab Managers (Data Calculus, 2021)

Datacalculus (BI/analytics vendor) published several use-case guides for lab predictive maintenance. One case

study described a diagnostic lab that faced “frequent equipment downtimes and inconsistent test results,” and

how they improved operations.
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Key Steps and Outcomes (from their blog):

The lab collected performance logs from various analyzers and tested data quality.

They developed predictive models (using internal data app tools) to forecast failures.

Within a few months, the lab reduced “unplanned downtimes” significantly and “streamlined resource

allocation”, saving time and money during the pilot ([56] datacalculus.com).

The experience “paved the way for broader acceptance” of PdM industry-wide ([57] datacalculus.com).

Cost/Benefit Insight: Datacalculus emphasized “reduced downtime”, “cost efficiency”, and “optimized

resource allocation” as tangible benefits ([16] datacalculus.com). They also noted obstacles like initial

investment (technology, training) and data issues ([12] datacalculus.com).

Though they did not specify actual ROI numbers, this narrative is useful. It shows a typical lab-phase path: pilot,

prove stability gains, then scale. The implied ROI came from service costs saved and avoided testing delays. It

also highlights that “labs can unlock deeper insights” by investing in analytics ([41] datacalculus.com) – i.e. even

beyond maintenance, the data practice itself creates value.

Luxury Case: Computer Vision in a Pharma Lab (Luxoft, 2018)

Scenario: A large pharmaceutical R&D lab used a specialized dissolution test machine. Chamber calibration was

critical: if misaligned, dissolution results are invalid, requiring re-running experiments. Technicians could only

detect misalignment by watching the machine (a tedious and error-prone process). Luxoft delivered a proof-of-

concept using computer vision and deep learning to automate this check ([8] www.luxoft.com).

Solution: A camera observed the rotating wobble-sinker of the dissolution tester frame-by-frame. An AI model

was trained to recognize the correct wobbling pattern. Whenever the machine operated outside its normal state,

the system automatically alerted technicians ([58] www.luxoft.com).

Results: The outcomes were significant: luxoft reported “Working with unexpected delays due to their

machinery faulting is now a thing of the past.” ([59] www.luxoft.com). The solution saved many technician-hours

and completely eliminated “guesswork” about the machine state ([52] www.luxoft.com).

ROI Perspective: While Luxoft didn’t publish financials, the case clearly delivered ROI in the form of labor

savings and risk reduction. Previously, technicians had to perform manual follow-ups in downtime; now, they

focus on critical tasks. This result is analogous to predictive maintenance in spirit: a sensor (camera) + ML

model preempts an issue. For labs that conduct expensive dissolution studies, avoiding just one ruined batch

(which might cost $10k+ in materials and time) easily covers the development cost.

Key Takeaway: Innovative PdM need not always be vibration sensors; it can include vision, acoustic analysis, or

other modalities. The cost of implementing such a system (numbering in the tens of thousands of dollars

externally) paid off quickly in operational efficiency. It also demonstrates that PdM ideas can emerge from

cross-discipline tech (here, computer vision in a lab machine context).

Discussion: Implications and Future Directions
Our review reveals that predictive maintenance for lab instruments has great promise but also real pitfalls.

We now discuss broader implications, guidelines for practice, and where the field is heading.
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Integrating PdM into Lab Operations

Start with High-Value Assets: Lab managers should target the “low-hanging fruit”—the instruments whose failure hurts

most. Use the criteria from earlier (cost, usage, risk) to rank assets. Datacalculus suggests starting with a pilot on critical

equipment and expanding ([60] datacalculus.com).

Cross-Functional Teams: Successful PdM requires collaboration between lab engineers, data scientists, IT, and

management. Each brings needed expertise (see perspectives above). Breaking silos early eases change management ([61]

datacalculus.com).

Change Management and Training: Transitioning to PdM often means changing habits. Technicians accustomed to

checklists may distrust a “black box” algorithm. Communicating benefits (“you’ll only replace parts when needed, not too

early”) and providing simple dashboards are important. Invest in training on new workflows and tools (mobile apps,

dashboards). Expect an initial learning curve.

Data Governance: Labs must ensure data capture is accurate and robust. Sensor calibration and data validation are

essential. A best practice is to set up data dashboards for early warning of anomalies or sensor failures. Logging errors (e.g.,

if a sensor loses connection) keeps maintenance data reliable.

Vendor Partnerships: Instrument OEMs (like KMC, GE) are increasingly offering PdM as a service. Labs can partner with

vendors rather than building in-house analytics. For example, many medical device companies have remote monitoring

programs for their machines. However, labs should negotiate data access and ensure they are not locked into proprietary

“black box” solutions without understanding the predictions.

Future Technologies and Trends

IoT and Sensor Evolution: Next-generation lab instruments are likely to have richer built-in monitoring (sensors for key

parts, IoT interfaces). This will lower PdM costs. Already, GE Healthcare’s OnWatch leverages instrument diagnostics data

automatically ([27] www.simbo.ai). Manufacturers of lab equipment (Roche, Thermo Fisher, etc.) are expected to include

predictive alerts as standard features.

AI Advancements: Advances in ML (e.g. deep learning, automated machine learning) will improve model accuracy and

reduce the need for manual feature engineering. As ChatGPT-like tools mature, they may assist engineers in designing PdM

experiments and features (blog.gpai.app). Hybrid approaches (combining physics models with AI) could emerge, especially

for well-understood lab equipment.

Digital Twins: The concept of a digital twin (a real-time virtual model) is gaining traction in labs as well as manufacturing. A

twin can simulate instrument behavior and predict failures under hypothetical scenarios. GE’s OnWatch uses a form of this

for MRIs; we may see digital twins for chromatographs and bioreactors. This can further refine scheduling by enabling

“what-if” maintenance planning.

Edge Computing: Running AI models at the “edge” (on-device) will make PdM more real-time and reduce data loads on

networks. For labs with limited IT, edge ML could, for example, analyze microscope slide images locally to predict stage

motor issues before uploading alerts.

Regulatory Evolution: As PdM matures, we may see formal guidelines or standards for predictive maintenance in lab

equipment. Regulators might start asking about institutional PdM practices in audits (just as they do for validation and

automation). This could accelerate adoption in heavily regulated sectors.

ROI Methodologies: Just as financial analysts rely on benchmarks, PdM teams are developing better ways to quantify ROI.

In manufacturing, frameworks exist (e.g. ANSI/ISA 95 standards). We can expect lab industry consortia to publish best-

practice ROI calculators that incorporate the unique aspects of lab operations.

Risk Factors and Cautionary Notes
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Overhyped Expectations: “10× ROI” salvos are attention-grabbing but may set unrealistic expectations. Laboratories

should understand that such ROI is an upper bound observed in ideal conditions. Many PdM projects underdeliver if data

problems or user issues are not solved. It is wise to treat initial ROI claims as hypotheses to be validated.

Maintenance vs New Equipment: While PdM is great for existing assets, labs should also consider designing for

reliability. For example, modular instruments where worn parts can be easily swapped may reduce the need for PdM. Firms

like Ellab emphasize designing instruments with condition monitoring in mind.

Ethical and Privacy Concerns: As with any data system, PdM platforms must handle data responsibly. There is some

concern that data collected (especially images or logs) could inadvertently include patient information (e.g. labels) or be

subject to cyber-attack. Governance policies need to cover PdM data just like lab test data.

Vendor Lock-in: When instrument manufacturers offer subscription PdM services (operational expense model), labs should

negotiate terms carefully. If a PdM platform stops being supported or the lab switches to a different instrument brand,

migrating the ML system can be challenging.

Conclusion
Predictive maintenance powered by machine learning holds immense potential for laboratories and healthcare

institutions. The promise of dramatically reduced unplanned downtime, extended equipment life, and major cost

savings is real, but not guaranteed. This report’s exhaustive review of literature, case studies, and market data

yields several key conclusions:

1. Significant ROI is Achievable but Context-Dependent: In the right conditions (high-value equipment, high usage, serious

downtime costs), PdM programs often yield ROI magnitudes on the order of several hundred percent over multiple years ([5]

upkeep.com) ([4] oxmaint.com). We have seen cases where prevented downtime and efficiency gains generate savings

that dwarf the PdM investment. However, the exact ROI depends strongly on a lab’s specific parameters (downtime cost per

hour, failure rate, cost of PdM system).

2. Implementation Matters: Simply installing a sensor and running an algorithm is not enough. We emphasize that high ROI

requires tackling data quality, sensor coverage, model accuracy, and user adoption. The cited challenges in integrating

legacy equipment and ensuring data completeness ([12] datacalculus.com) highlight that a thorough implementation

roadmap is needed. Labs that invest in pilots, stakeholder engagement, and incremental rollout (as recommended by

industry best practices ([60] datacalculus.com)) will realize returns faster.

3. ML Scheduling is the Future of Laboratory Maintenance: Traditional preventive schedules are increasingly seen as

suboptimal for critical lab instrumentation. Where feasible, transitioning to condition/ML-based scheduling yields clear

benefits. Even in highly regulated environments (medical labs, pharma), smart maintenance has a role: it complements

quality controls by ensuring that instruments stay within calibration and spec, directly supporting compliance ([10]

petasense.com). We foresee PdM becoming standard in high-end laboratory operations, with ROI analysis as an integral

part of asset management strategy.

4. Need for Evidence and Measurability: One stark finding is the gap in standardized ROI metrics for lab PdM. The systematic

review in manufacturing noted an “essential research direction” in developing ROI methodologies ([14]

www.sciencedirect.com). For lab settings, we recommend that organizations meticulously track baseline metrics

(downtime hours, maintenance spend, quality issues) so that the impact of PdM can be quantified. Only with solid data can

the business case be made and refined.

5. Future Research and Monitoring: The field is evolving quickly. This report draws on the latest sources (through 2025), but

new products and studies will emerge. Key areas for future exploration include: longitudinal studies of PdM ROI in medical

labs; integration of PdM data with broader lab automation systems; and AI models that predict not just individual failures but

system-level workflow bottlenecks.

In closing, we advise lab decision-makers to approach predictive maintenance with both optimism and rigor.

It clearly can “pay off”—sometimes handsomely—particularly in critical, high-throughput lab environments. Yet it

requires deliberate planning, robust data, and an acceptance that the “reality” of ROI is often realized over

IntuitionLabs - AI Software for Pharma & Biotech Predictive Maintenance for Lab Instruments: An ROI Analysis

© 2026 IntuitionLabs.ai - North America's Leading AI Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 22 of 28

https://upkeep.com/learning/return-on-investment-predictice-maintenance/#:~:text=Data%20from%20the%20U,how%20your%20PdM%20program%20is
https://upkeep.com/learning/return-on-investment-predictice-maintenance/#:~:text=Data%20from%20the%20U,how%20your%20PdM%20program%20is
https://oxmaint.com/blog/post/predictive-maintenance-in-manufacturing#:~:text=The%20quantifiable%20benefits%20reshape%20manufacturing,25
https://datacalculus.com/en/blog/medical-and-diagnostic-laboratories/lab-project-manager/predictive-maintenance-for-lab-equipment-in-medical-labs#:~:text=,term
https://datacalculus.com/en/blog/medical-and-diagnostic-laboratories/lab-project-manager/predictive-maintenance-for-lab-equipment-in-medical-labs#:~:text=consider%20the%20following%20best%20practices%3A
https://petasense.com/pharma-4-0-smarter-maintenance-delivering-results/#:~:text=compressors%2C%20agitators%2C%20fermenters%20and%20cooling,consistent%20product%20quality%20and%20compliance
https://petasense.com/pharma-4-0-smarter-maintenance-delivering-results/#:~:text=compressors%2C%20agitators%2C%20fermenters%20and%20cooling,consistent%20product%20quality%20and%20compliance
https://www.sciencedirect.com/science/article/pii/S2667305325000274#:~:text=significantly%20increase%20machine%20uptime%20and,suggesting%20an%20essential%20research%20direction
https://www.sciencedirect.com/science/article/pii/S2667305325000274#:~:text=significantly%20increase%20machine%20uptime%20and,suggesting%20an%20essential%20research%20direction
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=predictive-maintenance-for-lab-instruments-an-roi-analysis.pdf
https://intuitionlabs.ai/articles/predictive-maintenance-lab-instruments-roi?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=predictive-maintenance-for-lab-instruments-an-roi-analysis.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=predictive-maintenance-for-lab-instruments-an-roi-analysis.pdf


years, not overnight. With careful implementation, the promise of moving from reactive repairs to intelligent ML-

powered scheduling is within reach, transforming maintenance from a cost center into a strategic advantage.
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market in custom AI software development and pharma implementations with proven results across public

biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance

expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and

ERP systems with advanced analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI

infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,

automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field

force applications with advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and

automated customer service solutions for pharma companies.
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solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time

pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom

data visualization solutions for pharmaceutical insights.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and

implementation guidance for pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no

representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or

availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives

be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or

damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated

content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information

before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of

their respective owners. All company, product, and service names used in this document are for identification purposes

only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and

biotech companies. As the premier US-based AI software development company for drug development and

commercialization, we deliver cutting-edge custom AI applications, private LLM infrastructure, document processing

systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI

expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San

Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,

please consult with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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