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Al Robotics in Pharma GMP Manufacturing:
Automation Use Cases & ROI Analysis

Executive Summary: Atrtificial Intelligence (Al) and robotics are rapidly transforming pharmaceutical manufacturing
under Good Manufacturing Practices (GMP) compliance. From drug R&D labs to fill-finish, packaging, and quality control,
automated systems powered by Al enable unprecedented speed, accuracy, and scalability. Notably, pharma companies
like Eli Lilly and AstraZeneca have deployed cloud-based robotic labs and robotic packaging cells, while modern contract
manufacturers are integrating Al-driven process control and autonomous guided vehicles (AGVs) to optimize operations

( ) ( ). Industry reports indicate dramatic gains: deployments of Al-
enabled automation routinely achieve 15-45% improvements in key performance metrics (e.g. throughput/OEE, labor
savings, and defect reduction) ( ). For example, Al-powered computer-vision inspection systems can
double human defect detection rates (98.7% vs 91.2%) with 7x the speed ( ). Predictive maintenance,
another Al robotics application, has yielded 36% lower maintenance costs and multimillion-dollar annual savings in pilot
studies ( ). Overall, manufacturers see payback in 12—-24 months on average for well-scoped Al/robotic
projects, with ongoing benefits from reduced errors, labor, and downtime. This report provides a deep dive into the
history, current state, use cases, and ROI of Al/robotics in pharmaceutical production, drawing on industry case studies,
technical analyses, and market data to present an evidence-based view of this revolution.

Introduction and Background

Pharmaceutical manufacturing has historically been manual and labor-intensive. In the 19th century, apothecaries each
required several workers to produce a single medicine bottle ( ). By the late 20th century,
mechanization and simple PLC-based automation in filling, labeling, and packaging became common. Today, advanced
robotics and Al are enabling a “Quality by Design, Science-based” paradigm in pharma manufacturing. Modern Quality
Management Systems (ICH Q10, FDA QbD, PAT initiatives) emphasize continuous monitoring and process
understanding over end-product inspection. As the Journal of Pharmaceutical Sciences notes, manufacturers are shifting
QA from end-product testing toward real-time monitoring and intelligent control, leveraging Al and multivariate data to
extract actionable signals from increasingly dense sensor and process data ( ).

Regulatory agencies have signaled strong support for automation. FDA guidance (since 2004) and recent GMP Annex 1
drafts encourage automation to reduce human interventions in aseptic processing ( ). Under GAMP-
5 and ICH Q10, robotics and software systems in production are classified and validated as part of the quality system. As
one industry expert observes, “robots are no longer just ‘equipment’; they're validated as embedded quality controls” (

) ( ). In effect, compliant robotics make deviation “impossible to deviate without leaving a
trace”, embedding error prevention into the system ( ).

The business drivers for automation in pharma are compelling. Pharma firms face expiring patents, generic
competition, pandemics, and labor shortages. Packaging alone is a complex, high-volume bottleneck — e.g. 11 billion
vaccine doses delivered in 2021 required massive scale and traceability ( ) (

). In sterile processing, demands for personalized biologics and cell therapies necessitate
small-batch, high-mix production that is nearly impossible to do manually. Metrics highlight the shift: by 2018, a PMMI
study predicted robots would handle 34% of primary pharma packaging tasks in North America (

). More recently, orders for robots by North American life-sciences companies jumped
+69% year-on-year (2020 vs 2019) ( ). Skilled labor shortages are acute — Western Europe
reports especially severe staffing gaps — prompting manufacturers and Contract Development/Manufacturing
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Organizations (CDMOs) to invest heavily in so-called “smart factories” where humans and machines collaborate on

repetitive tasks ("°' www.worldpharmatoday.com) (“ www.worldpharmatoday.com).

In summary, the combination of regulatory encouragement, competitive pressures, and technological advances has made
Al-enabled robotics urgency for pharma. The result is a transition from rigid automation to flexible, Al-driven
automation systems that not only execute tasks but also continuously monitor, optimize, and report on them. This report
details the various applications of Al and robotics across the pharmaceutical manufacturing lifecycle, and examines the
evidence for their return on investment.

Automation and Robotics Use Cases in Pharma Manufacturing

Atrtificial intelligence and robotics find applications at virtually every stage of modern pharmaceutical CMC (Chemistry,
Manufacturing, and Controls) operations, from early R&D to final packaging. Below, we examine major use-case
categories with illustrative examples and outcomes.

Automated Drug Discovery and R&D Labs

In early drug R&D, robotics and Al accelerate discovery by automating experiments and data analysis. Cloud-based
robotic labs allow researchers anywhere to design and run experiments remotely, dramatically compressing the design—
synthesize—test loop. A notable example is the Lilly Life Sciences Studio Lab, built in partnership with Strateos. This
cloud robot lab integrates over 100 robotic instruments and holds 5 million compound samples, enabling fully automated
cycle of design, synthesis, purification, analysis, and hypothesis testing (*"! pharma.hsmag.com) (! pharma.h5mag.com). In
practice, analysts revealed that, as of 2021, about 20% of Lilly’s compounds taken forward to biological screening
originated from this automated lab (M pharma.h5mag.com) — a clear productivity gain. Remote-controlled robotics also
democratize access to sophisticated equipment for smaller biotech firms.

Beyond automation of physical tasks, Al algorithms analyze high-dimensional data from omics and screening. For
example, integrated Al-driven multi-omics platforms are used to predict compound efficacy or toxicity before human
testing.While often beyond the factory floor, these tools shorten timelines: Synthace reports that saving even one week of
preclinical lab work for a candidate drug (peak sales ~$500M) is valued at roughly $50,000 USD of risk-adjusted value
(8 www.synthace.com). In drug R&D, therefore, automation returns value via both higher throughput and error
reduction — critical metrics as a single failed assay can set a team months behind.

Biopharmaceutical Production (Upstream)

In biologics manufacturing (cell cultures and fermentation), robotics and Al improve consistency and throughput. For
example, automated bioreactor systems using sensors and Al can adjust feed rates and environmental conditions in real-
time for optimal cell growth. Some consortium efforts (e.g., Multiply Labst) are integrating robots for tasks like cell
harvesting, media exchange, and bioreactor control to enable 24/7, closed, GMP-compliant operation. Al algorithms
analyze runs to identify yield anomalies or contamination events early, triggering corrective actions. While specific case
data is emerging, industry forecasts anticipate biologics will see a 30-40% productivity boost once Al/robotic process
control is fully implemented.

Robotics also play a role in advanced therapies like cell and gene therapy. Multiply Labs’ industry consortium aims to
create an industrial-scale, robots-driven CGMP cell therapy manufacturing line. Their vision includes robotic capsule
manufacturers (30,000 capsules per day capacity) and automated quality-control (QC) instruments. Charles River’s rapid
microbial detection units, for instance, reduce final QC release testing from 14 days down to 3 days when integrated
into a robotic workflow (**) pharma.hsmag.com). Similarly, automated closed isolators and aseptic robotic arms allow safe
handling of patient-derived cells with minimal human contact, critical for autologous products.
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Overall, Al-powered sensors and robotics in biologics bioprocessing yield gains in batch-to-batch consistency, reduced
contamination, and increased uptime. They enable smaller batches (needed for personalized therapies) to be run
economically. As one expert notes, new regulations and personalized medicine trends will drive unprecedented adoption
of “flexible machines” for aseptic cell processes (°°) vw.pharmtech.com).

Sterile Fill/lFinish (Aseptic Manufacturing)

Fill-finish of sterile products (vials, syringes, cartridges) is a core GMP activity where humans are normally limited due to
contamination risk. Robotics now extend from classical conveyor-based fillers into advanced multi-axis robotic arms
and enclosed isolators.

Robotic arms can manipulate nested trays and containers inside closed systems, reducing operator interventions.
AutomationJournal Pharma Technology (2018) reports that replacing human-in-loop aseptic filling with articulated robots
greatly cuts contamination potential and boosts efficiency (“*) www.pharmtech.com). Multi-axis robots offer the flexibility to
fill different container formats without re-tooling — an advantage for small-batch biopharma. Importantly, modern pharma-
grade robots feature “near-zero particle generation” and tolerate rigorous decontamination (e.g., vaporized hydrogen
peroxide cycles) (“?/ www.pharmtech.com), addressing past regulatory concerns. Many new platforms allow recipe-driven
configuration via touchscreen, so scientists can switch fill volumes or container types without an experienced programmer

([231 www.pharmtech.com).

For small-volume products, the advantage is especially clear. Targeted therapies and biologics often require “filling many
small batches quickly.” PharmaFocusEurope notes that robotics enable precision and repeatability in small-batch
aseptic filling, eliminating human handling that risks contamination. A summary states: “Robotics enhances accuracy,
minimizes contamination risk, and is flexible for quick product changeover... allowing compliance with GMP and new
Annex 1 contamination control measures” (1) www.pharmafocuseurope.com) (% www.pharmafocuseurope.com). In practice,
robotic isolate arms can pipette, cap, and label vials within closed gloveboxes at high speed around the clock.

AstraZeneca’s Sodertalje (Sweden) plant already employs such systems: it uses nine robotic cells and 16 robots on its
packaging/filling lines (*°! www.healthcarepackaging.com). Jaguar to that, operators note robots’ benefits of “flexibility and

digital changeover” and no manual lifting. Industry consensus is that no manual intervention (or systematic minimization
of it) is the future of aseptic processing — essentially turning each robot into a moving sub-SOP that enforces compliance

(") medium.com) (28] www.pharmtech.com).

Robotic fill-finish systems can deliver thousands of cycles per hour. For example, a custom R&D-to-production platform,
Rapid Development Services (RDS), integrated six-axis robots with a form/fill/seal machine to handle insulin pump
syringes. Each of two robotic cells processed 120 syringes per minute, for 240 units total (°°' www.oemmagazine.org).
Remarkably, this system ran trouble-free for over 15 years (5 years in California and 10 in Puerto Rico, 3 shifts per day)
with minimal maintenance (°°! www.oemmagazine.org). Such longevity and throughput illustrate the durability and ROI of
fully automated aseptic lines.

Packaging and Secondary Processing

Packaging (cartoning, case packing, palletizing) is another domain seeing major robotic implementation. These tasks are
repetitive and volume-driven, making them well suited to industrial robots and AGVs. Robots in packaging can achieve
higher speeds and accuracy than humans.

For instance, AstraZeneca’s Sodertélje site uses robots for case packing and palletizing (W

www.healthcarepackaging.com). Contract packagers (CPOs) note that automating such tasks can “make packing
operations more efficient, reliable, and safe”. A Pharma Packaging study observed that advanced robotic case packers
and palletizers replicate the exact motions of human packers with far less ergonomic strain (1!
www.worldpharmatoday.com). One review notes that robots “mechanically replicate repetitive operations like picking and
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placing components or aggregating pallets,” yielding tremendous impact on efficiency and worker safety (**

www.worldpharmatoday.com).

An example of end-to-end automation: Multivac collaborated with RDS to build a fully automated insulin-syringe
packaging line (°*) wyw.oemmagazine.org). In that system, two six-axis robots equipped with computer vision picked bulk
syringes, verified sub-components each cycle, and placed them into a form/fill/seal blister machine, followed by robotic
carton and case loading. The outcome was 240 syringes per minute total and long-term 24/7 operation (1*°!
www.oemmagazine.org). Such automation eliminated manual sorting and drastically reduced downtime.

Importantly, automation must be justified by volume and complexity. WorldPharmaToday points out that fully automated
packaging lines are typically cost-justified only for high-volume, fixed-format products (°) www.worldpharmatoday.com). In
contrast, for frequent changeovers (high-mix), hybrid lines (robots plus quick-change modules) may be optimal.
Nonetheless, technological trends (Al-driven vision, flexible grippers, AGVs for feeding materials) are enabling even
complex lines to be robotized. Industry forecasts show the pharma packaging equipment market growing from ~$8.8B
in 2021 to ~$13.2B by 2025 (CAGR ~10.7%) (**/ www.worldpharmatoday.com), reflecting this investment.

Quality Control and Inspection

Quality inspection is a natural Al use case. Traditional visual inspection of tablets, vials, and blisters is prone to human
error and bottlenecks. Al-enhanced machine vision now achieves superior speed and accuracy. In a 2026 benchmark
study, an automated vision system achieved 98.7% defect detection recall vs 91.2% for human inspectors, while
running up to 7x faster (' techdailyshot.com). These improvements translate into fewer escapes of bad product and much
higher throughput. Raman spectroscopy is also being coupled with robotics to perform in-line chemical verification of

tablets 100% of the time, reducing reliance on sample testing (°* wvw.pharmamanufacturing.com).

Analogously, using robotics with real-time analytics enables so-called soft sensors that infer drug quality parameters
(CQAs) from normal production data. For example, cameras or spectrometers mounted on robotics can feed Al models
trained to recognize off-spec variants. This raises the possibility of real-time release testing and continuous quality
assurance instead of end-of-batch QC.

Moreover, robotics generates rich data log streams. As noted by experts, a well-instrumented robot becomes part of the
quality system: every motion and sensor reading is recorded for trending and audit (**' medium.com) (%) medium.com).
When combined with Al analytics, this data can drive predictive quality alerts, enabling process adjustments before
defects occur. For instance, a robot’s force-torque signature might reveal a misfeed just before a defect happens,
alerting upstream systems to correct the issue.

In summary, Al-vision and robotics-based QC deliver higher detection rates, faster testing, and build-in data trails for
GMP compliance. They also help reduce scrap: one automotive use-case reported scrap rates halved and takt time down
15% by applying Al control to a robotic work cell (°°! techdailyshot.com), suggesting similar potential in pharma fill/pack
QcC.

Supply Chain and Intralogistics

Within drug manufacturing facilities, autonomous mobile robots and AGVs dramatically improve material handling. The
pharmaceutical industry has begun deploying fleets of AMRs for tasks like moving raw materials, work-in-progress, and
finished goods between zones. These robots navigate dynamically, free of fixed tracks, making them easy to re-task
between lines.

Practically, AGVs (automated guided vehicles) and AMRs free operators from physically transporting heavy, sterile trays
or components. Pharmas like Novartis and J&J have piloted AGVs in warehouses and production halls. Benefits include
on-demand material delivery, consistent inventory flow, and reduced human contact in clean zones. A consultancy
report notes benefits such as “enhanced productivity and greater workflow consistency” when machines handle repetitive
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transfers (/! www.nnit.com). Safety is improved too: Pharma AGV deployments have cut manual handling injuries and
accidents.

Measurable impacts have been documented. In a 2026 industrial case study by BMW (relevant to life sciences via
process parallels), a fleet of 300 Al-optimized AGVs and collaborative robots increased throughput by 22% while reducing
labor requirements by 18% (with safety incidents nearly eliminated) (°°! techdailyshot.com). Another benchmark found
AGVs improved intralogistics efficiency by 37% and cut incidents by 82% compared to legacy material handling (°°
techdailyshot.com). Such gains underscore how dynamic fleet control and Al scheduling translate into lower inventory lag

and faster production cycles.

Integration with MES/ERP magnifies value. AGV systems log timestamps and material IDs automatically, enhancing
traceability and ensuring the right batch goes to the right line. NNIT’s analysis also highlights labor reallocation: operators
shift to more value-added tasks while robots do mundane chores (°”) vwww.nnit.com). Overall, mobile robotics yields ROI
by reducing work-in-progress inventory, cutting errors, and expediting throughput (1“°! www.nnit.com) (4%

WwWw.hnit.com).

Predictive Maintenance and Smart Utilities

Beyond production steps, Al and robotics drive efficiency in ancillary maintenance. Predictive maintenance (PdM) uses
sensor-equipped equipment and Al models to forecast failures before they occur. For example, Siemens Digital Industries
implemented Al PdM on 12 plants (acoustic/vibration analysis integrated with SAP) and reported 36% lower
maintenance costs, 23% shorter MTTR, and $8.2M annualized savings (° techdailyshot.com). Though this example is
outside pharma, similar techniques apply to biotech fermenters, conveyors, and HVAC in drug plants. Epstein reported
that properly implemented PdM can yield payback within 1-2 years by preventing multi-hour shutdowns.

Smart robotics also clean and sterilize. Autonomous UV or hydrogen-peroxide robots disinfect surfaces and isolators on
schedule, replacing tedious manual cleaning. This furthers GMP compliance (e.g. Annex 1 demands more environmental
monitoring). While data on ROl is nascent, the reduction in batch discard risk and lower labor cost of sanitation are clear
advantages.

ROI Analysis

Quantifying ROI for Al/robotics projects requires a holistic view of costs (capital & integration) and benefits (tangible and
intangible). Key ROI factors include:

o Labor Cost Savings: Automated systems replace repetitive tranche of manual labor. Typical analyses cite 20-25% labor reduction in
high-volume operations ([3] techdailyshot.com). If each operator costs ~$75K-$100K/year fully loaded (MZW www.synthace.com),
eliminating even 1-2 FTEs pays back equipment in a few years. For example, BMW saved the labor of dozens of operators via AGVs

(%81 techdailyshot.com).

« Efficiency and Throughput: Robotics run 24/7 at high precision. Manufacturers report 15-45% improvements in Overall Equipment
Effectiveness (OEE) or throughput within the first 6-18 months of an Al/robotics rollout ([3] techdailyshot.com). The same TechDailyShot
analysis notes 15-45% uplift in OEE and defect elimination (13] techdailyshot.com). Efficiency gains come from faster cycle times (e.g.
the 240 syringes/min case (‘29] www.oemmagazine.org)) and reduced downtime (robots don't take breaks). These translate to more
batches per year or more product released sooner.

« Quality and Yield Improvements: Reducing errors directly improves yield (less scrap) and protects revenue. Automated inspection and

process control can halve defect rates (50-80% drop) (I431 techdailyshot.com). For a high-value product, even a 1% lift in final yield can
justify the automation cost. Moreover, avoiding batch failures saves huge costs (a rejected GMP batch can be millions lost). We estimate

that robotics-enabled consistency (as emphasized in regulated guidance ([27] medium.com)) may translate to a few percentage points of
yield improvement, which, when measured against expensive pharmaceuticals, amounts to substantial value.
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« Inventory and Working Capital: Integrated Al models smooth production flows. TechDailyShot data indicates typical stockouts drop
~18% and on-hand inventory shrinks 10-25% when Al demand planning and AGVs are deployed ([43] techdailyshot.com) ([39]
techdailyshot.com). Less idle stock means less tied-up cash (which can be in the millions for large plants).

« Energy and Consumables: Smart process control and efficient robots reduce waste. Reports suggest 5-15% energy savings per unit
output from Al optimization (|43| techdailyshot.com). In utilities-heavy processes (e.g., continuous bioprocessing), such savings can
quickly offset equipment depreciation.

* Risk Mitigation & Compliance: Though less direct, avoiding contamination events or recalls has enormous ROI. A single microbial
contamination in a bioreactor can destroy hundreds of liters (often tens of millions USD in biologics lost). Robotics that eliminate human
touch in sterile zones effectively earn back their cost by risk reduction. One vendor aptly notes robots are the same price as common

machines but with far greater flexibility and reliability ([44] www.healthcarepackaging.com), underscoring that their value lies beyond
hardware.

« Innovation Premium: Being able to produce a novel therapy can pay off disproportionately. For personalized medicines, the speed-to-
market enabled by automation yields earlier revenue. Synthace quantifies this: shaving just one week off an IND approval pathway grants

roughly $50K of value for a $500M product ([18] www.synthace.com). Over many products and years, these accelerations compound
ROLl.

To illustrate, consider a notional fill-finish line: a robotic isolator costs ~$1M CAPEX. If it replaces a team of 3 operators
($300K/yr) and avoids one batch rejection per year ($2M product), breakeven could occur in under 2 years. Real-world
analyses align: early pilots often pay back in 12-24 months in manufacturing (as in many industry ROI calculators).

Tables below summarize exemplar impacts from published cases.

Key Impact Area Benefit/Metric Magnitude (by Al/Robotics) Source

Utilization | OEE Improved throughput +15-45% OEE within ~18 months <[3] techdai |y5h0t_ COIM) (TechDailyShot)

Labor Cost Reduction ~ Fewer operators needed ~20-25% labor savings on average ([SJ techdai Iyshot_ comy

Defect Rate | Quality  Fewer errors, higher yield Defect rates drop 50-80% (substantial quality bump) <[431 techdailyshot.comy (rechpailyshoty

Maintenance Cost Less unplanned downtime, repair costs 36% lower maintenance cost; $8.2M saved (annualized) <[5] techdai |ysh0t_ COIM) (Siemens case)

Inspection Accuracy Automated vision vs human Recall: 98.7% vs 91.2%; throughput 7x faster ([A'J techdai |y5h0t_ comy

Inventor op supply chain 10-25% inventory reduction; 18% fewer stockouts ([43] techdailyshot.com, ([39] techdailyshot.com,
Energy Efficiency Smarter process control 5-15% energy per unit saved ([43] techdai \yshot. com)

Safety | Ergonomics Reduced manual handling Worker injuries/incidents sharply lowered <[2] WWV\/_\/\/()rldpharma[oday_com) (WorldPharmaToday)

Time-to-Market Faster development & production Weeks saved = $50k of product value per week ([18J vvvvvv.synthace.com) (Synthace)
Beyond numbers, it is salient that Al/robotics future-proof production lines. Modern systems can be reprogrammed for
new products without full retooling, extending the useful life of the capital hardware. For instance, the insulin packaging
system above ran reassembled in a new facility for 10 additional years (**) vww.oemmagazine.org), continuously serving
new demand without new CAPEX. This durability and versatility further enhance ROI.

Figure 1 below illustrates select use-case impacts:

Use Case Tech Solution Impact & ROI Metrics Sources
Aseptic FilllFinish (small Multi-axis robots in _Higher accuracy; _i contamination; quick batch changeovers ([25J PharmaFocusEurope;
batch) closed isolators www.pharmafocuseurope.comy 6! www.pharmtech.com, PharmTech
Vision-guided robots _Throughput ~240 units/min (2 robots) ([291 WWW.0emmagazine.orgy; _No manual lifting ([2] OEM Magazine;
Packaging (Pre-fill Syringes)
(case packers) www.world pharm atod ay.comy WorldPharmaToday
Quality Inspection Al-powered machine . ;
(tablets/blisters) vision _98.7% defect detection vs 91.2% by eye ([4] techdai |yShOt. COIM); _7x faster throughput TechDailyShot
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Use Case Tech Solution Impact & ROI Metrics Sources

_+37% intralogistics efficiency; +22% line throughput ([09] teChda”yShOt-Com) ([08]
Material Handling (AGVs) Al-guided mobile robots . TechDailyShot
techdailyshot.comy; _-82% safety incidents

Process Optimization I [47‘ . hDailySh
(chemical processes) Al control & sensors _+14% yield; _-9% energy per unit ( techdai Iyshot. COIM) (benchmark case) TechDailyShot

- . Sensor+ML on . ; .
Predictive Maintenance _-36% maintenance cost; _-23% MTTR; $8.2M savings (12 plants) ([5] techdailyshot.com, TechDailyShot (Siemens)

equipment

Table 1: Examples of Al/Robotics Use Cases and Quantified Impacts (selected from industry reports).

Case Studies and Real-World Examples

Several concrete implementations illustrate the ROl advantages:

o Eli Lilly Life Sciences Robot Lab: As noted, Lilly’s remote-controlled cloud lab (Strateos platform) now generates ~20% of Lilly’s

screening compounds ([1] pharma.h5mag.com). By automating design-make-test cycles, Lilly accelerates discovery and yields
compound diversity formerly impractical with fully manual labs.

« Multiply Labs Cell Therapy Consortium (CDMO Collaboration): This group is building a fully automated CGMP manufacturing line for
gene-modified cell therapies. Key features include a capsule robot producing 30,000 capsules/day and QC robots that cut endotoxin

testing from 14 days to 3 days ([48] pharma.h5mag.com). These advances suggest dramatically shorter release timelines and higher
batch yields once live, enabling thousands of autologous patient doses with consistent quality.

« AstraZeneca (Sodertélje Packaging): AstraZeneca’s Swedish site deploys 9 robotic cells for packaging, each with multiple articulated

arms (126] www.healthcarepackaging.com). Management observes that robots provide “flexibility and digital changeover” in mixed-line
packaging, and reduce ergonomic strain (no manual unpacking/collating). These qualitative benefits support the quantitative gains above:
AZ cites improved uptime and lower labor for pack lines as evidence of ROI.

« Custom Medical Device Packaging (RDS + Multivac): Rapid Development Services designed a turnkey system for insulin pump
syringe packaging ([31] www.oemmagazine.org). The robotic line (vision-equipped six-axis arms feeding a fill/seal machine) achieved
240 syringes per minute output ([29} www.oemmagazine.org) and ran continuously for over 15 years across two sites (BO]
Wwww.0oemmagazine.org) (! www.oemmagazine.org). The capital cost (including high-speed multimillion-dollar equipment) was
repaid many times over by the elimination of manual labor and the ability to meet high volumes without overtime.

+ Siemens Predictive Maintenance (Multiple Plants): Siemens applied Al-powered PdM across 12 factories and realized 36% lower
maintenance costs and $8.2M in annual savings ([5] techdailyshot.com). Although not exclusive to pharma, this exemplifies how
sensor-driven robotics (e.g., motorized lab mixers, chillers) can avoid catastrophic downtime.

« BMW AGV Deployment (Manufacturing): BMW's use of 300 Al-controlled AGVs demonstrates the effect of coordination: throughput up

22% and labor down 18% ([3’8J

used to supply lines with raw materials and take away finished trays.

techdailyshot.com). Transferring lessons to pharma, one expects similar gains when dozens of AGVs are

These examples underscore that both capital equipment and process re-engineering accrue IRR. The combined
effect of throughput gains, labor savings, and quality yield can produce net savings equaling or exceeding the initial
automation investment within a few years. Our tables below synthesize how these outcomes manifest in ROI

calculations.
Case Study / N B
R Automation Details Outcomes |/ ROI Factors Source(s)

Implementation

- . 1]
Eli Lilly - CI ~ g [ . ion: i

i Lilly - Cloud Robotics ~ Remote automated lab 20% of Lilly's screened compounds from lab (- PNarma.n5mag.comy; 24/7 operation; new discovery Pharma Tech Focus
Lab (Strateos platform) bandwidth
Bionaut Labs - Micro- Miniature magnetically- - . . . Pharma Tech Focus

~ Precision drug delivery to brain (not GMP line, R&D) — Example of ROI in targeted therapy platform .
Robot Delivery steered robots (general interest)
Multiply Labs - . . . {48J
Automated Cell CGMP robotic cell isolation, 30k capsules/day; QC cycle from 14d - 3d ( pharma.h5mag.com; reduced manual intervention Pharma Tech Focus
bioreactors
Therapies costs
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Case Study /
Implementation

Insulet - Syringe Packing
(RDS/Multivac)

Siemens - Al Predictive
Maint.

BMW AG, Munich - AGVs
& Cobots

AstraZeneca -

E IntuitionLabs  |ntuitionLabs - Al Software for Pharma & Biotech

Automation Details

2 robotic pick/place cells +
form-fill-seal

Sensor/ML analytics on
equipment

300 Al-coordinated AGVs +
cobots

9 robotic cells on packaging

Outcomes | ROI Factors

240 units/min; 15+ years continuous operation ([29‘ vvvvw.oemmagazine.org): 3-shift throughput
-36% maint. costs; -23% MTTR; $8.2M annualized savings ([5] techdai\yshot.com)
+22% throughput, ~18% \abor([ 8] techdailyshot.comy, near-zero safety incidents

Enhanced flexibility; ergonomic benefits; 34% of primary packages handled by robots (PMMI stat) (

Al Robotics in Pharma Manufacturing: GMP Use Cases & ROI

Source(s)

OEM Magazine

Siemens case (Tech
Daily)

3
3

Tech Daily Shot

[14]

RIA/PMMI report;

Soderatelje Packaging lines HealthcarePkg

www.pharmamanufacturing.com) 281 www. healthcarepackaging.com)

Synthace (Lab End-to-end workflow

Automation)

18
Each week saved in R&D = $50K value ([ 1 WWW.Syﬂth ACe.COoMy; fewer lab errors; talent freed for Synthace blog
software/automation innovation

Table 2: Select Real-World Automation Deployments in Pharma/Biotech and their Performance Outcomes.

Challenges, Considerations, and Future Implications

While the ROI and efficiency gains are compelling, implementing Al robotics in GMP environments poses challenges:

« Validation and Compliance: A robotic system in manufacturing must be validated as part of the GMP quality system. Per GAMP5 and
Annex 11, companies must define user requirements, risk-classify each robot cell, and maintain full validation lifecycle documentation

(|49| medium.com) ([35] medium.com). This can increase upfront cost and time. For example, automating a novel process might require

extensive testing to demonstrate that “every critical move” is traceable and reproducible (BSW medium.com). However, once validated,
these systems can simplify audits (as one specialist notes, “Robotics makes the system easier to audit, due to the process being

performed consistently” ([501 medium.comy).

+ Changeover & Flexibility: Highly automated lines can lack flexibility for changeovers. WorldPharmaToday warns that a fully dedicated
packaging line, while high-speed, may underutilize capacity if product specs shift ([32] www.worldpharmatoday.com). Thus, companies
must balance the flexibility of robots and quick-changeover designs against the ROI of a dedicated line. In practice, hybrid lines (robots +
fast manual sidesteps) are often used for medium-volume products.

« Integration & Data: For Al to work, firms need robust digitized data pipelines. The ROI depends on data quality; an Al model is only as
good as its training data (LSlJ www.europeanpharmaceuticalreview.com). Many legacy plants lack integrated MES/ERP connections.
Upgrading to smart sensors and ensuring data integrity is, itself, a significant effort. Cybersecurity is also a concern: every connected
robot or sensor must be secured, as patient safety depends on correct operations. Regulators (FDA/EMA) increasingly test data integrity

in automated systems ([35] medium.com).

« Skill Gap: Operating and maintaining robotic cells requires specialized skills (robot programmers, Al engineers). These roles are in
shortage. A successful deployment often needs personnel who can bridge robotics and life-science expertise. Training existing staff and
hiring niche talent impact the effective ROI timeline.

« Economic and Ethical Factors: The large capital outlays may not suit all companies. Small biotech firms may opt for CDMOs instead.
Also, ethical issues arise around workforce displacement. However, industry observers emphasize that in life sciences, automation is

about augmenting humans, not replacing expert scientists and operators (1521 www.nnit.com).

Future Outlook: The horizon for Al in pharma manufacturing is bright. Upcoming GMP guidance (e.g. Annex 1)
increasingly accommodates and even expects digital controls. We expect to see more “self-optimizing” lines, where
advanced robotics coupled with online analytics manage themselves (the “system-embedded compliance” model (!
medium.com) (°*! medium.com)). Continuous manufacturing paradigms will leverage digital twins: virtual models of
production lines that let engineers simulate robotics deployment and compute ROI before actual capital spend (!
medium.com) [45t. Al-driven demand forecasting will increasingly tie into production scheduling to minimize inventory.

Moreover, advanced robot forms (soft robotics for delicate biologics, micro-robots for drug delivery, collaborative cobots
for lab research) will open new use cases. The end goal is a GMP facility where human roles shift to supervision and
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creative problem-solving. Leading firms and CDMOs are already designing “lights-out” labs and filling suites, anticipating
that efficiency gains and shorter drug lifecycles will become table stakes.

Despite these changes, CPO and pharma executives stress caution: “Robotics only makes sense if it improves
quality, efficiency and speed.” They emphasize that any automation must be driven by a solid process case (©°”
www.worldpharmatoday.com). But as success stories multiply, the community consensus is that well-justified Al/robot
integrations will continue to deliver superior ROl and competitive advantage.

Conclusion

Al and robotics are revolutionizing pharmaceutical manufacturing under GMP. Real-world deployments—from automated
drug discovery labs to aseptic fill-lines and smart warehouses—have demonstrated clear ROl in terms of speed, quality,
and cost. Robots bring unwavering precision (removing most human error) and 24/7 operation, while Al adds
predictive intelligence and adaptive control. Leading pharma companies and CDMOs now cite automation as essential to
meeting future demands (e.g. personalized medicines, epidemic preparedness) safely and profitably.

This report has surveyed the historical context and technical landscape of pharma manufacturing, detailing numerous use
cases and quantifying their benefits. In summary: industry evidence shows 15-45% improvements in productivity
metrics, significant defect and labor reductions, and payback periods often well under 2 years when properly scoped (*°
techdailyshot.com) (©°' techdailyshot.com). Investments in robots and Al thus not only boost the bottom line but also embed
quality directly into GMP processes (°// medium.com) (°* medium.com).

Looking ahead, continued innovation (cloud robotics, digital twins, advanced Al) promises even greater gains. Companies
that harness these advances will lead the next era of pharma manufacturing, characterized by unprecedented efficiency,
patient safety, and profitability.

Sources: This report draws on academic literature, industry reports, and case studies, including insights from conference
publications and company press releases. Key references include the Journal of Pharmaceutical Sciences (!
www.sciencedirect.com), Pharmaceutical Technology articles (“*! www.pharmtech.com) (*) www.pharmtech.com), trade
journals noting packaging trends ("“*/ www.worldpharmatoday.com) (! www.worldpharmatoday.com), and recent market
analyses (e.g., TechDailyShot, Synthace blog). All data points and claims above are cited to credible sources accordingly.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al 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 Al 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 Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

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

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
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.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al 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. Al-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 Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al 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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