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Abstract- Parcel sortation to postal sacks is one of the most labor-intensive, error-prone, and operationally costly processes in
ecommerce fulfillment. This paper documents the multi-site rollout of an Al-driven robotic pick-and-sort system across a major 3PL
logistics network. Deployed under a Robotics-as-a-Service (RaaS) model, the technology replaced manual sortation operations at
three facilities and achieved a 75% increase in parcels per hour relative to fully manual operations, while reducing required headcount
per sortation pod by 75%. Over a 4-year contract term, the projected total savings across the network reach approximately $15
million. Beyond the headline economics, this case surfaces a subtler argument: in a labor market where wages are volatile and worker
turnover in sortation operations is chronic, the fixed monthly cost of robatics is not just cheaper—it is structurally more predictable.
That predictability turns out to matter as much as the savings themselves.

Index Terms- robotic sortation, Robotics-as-a-Service, warehouse automation, DDU sacking, pick-and-place robotics, deep
learning, ecommerce fulfillment, labor substitution

l. Introduction

Every parcel that moves through an ecommerce fulfillment center eventually needs to be sorted—Dby destination zip code, by carrier
route, by postal sack—before it leaves the building. For direct-to-DDU (Destination Delivery Unit) shipments in particular, that
means sorting packages into labeled postal sacks destined for specific USPS facilities, often across hundreds of 5-digit zip code
destinations per shift. It sounds mechanical. It is. And for that reason, it has always been done by people.

The problem is that people doing mechanical, repetitive tasks in warehouse environments at high volume are expensive, inconsistent,
and increasingly hard to retain. Throughput rates hover around 200 parcels per hour per operator in manual sortation pods. Errors
accumulate. Turnover is high. When parcel volumes grow—and in ecommerce, they reliably do—the only lever available under a
manual model is adding headcount, which compounds all of those problems.

This paper documents what happens when you replace that model with robotics. Specifically, it traces a multi-site deployment of an
Al-driven robotic pick-and-sort system across three fulfillment centers in a major 3PL's network, covering the financial case, the
technology, the operational results, and the risks that had to be managed along the way. The system uses simulation-to-reality deep
learning to train robotic arms to recognize and sort packages at speeds exceeding 325 parcels per hour—without the variability, the
turnover, or the wage escalation that come with manual labor.

The rollout was structured under a Robotics-as-a-Service (RaaS) model, which means the 3PL pays a fixed monthly fee per robot
rather than purchasing capital equipment. That financing structure is not incidental to the business case—it changes the risk profile
of the investment in ways this paper examines in detail.

I1. The Robotic Sortation System

A. Core Technology

The robotic system at the center of this deployment uses a proprietary simulation-to-reality deep learning approach for pick-and-
place operations. Rather than programming explicit rules for handling each parcel type, the system trains on simulated data at a pace
roughly 10,000 times faster than traditional methods, then transfers that learned behavior to physical robots operating in real
warehouse environments. The result is a system that generalizes across parcel shapes, sizes, and orientations without requiring
manual re-programming when package characteristics change.
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Each robotic cell consists of an articulated arm with vision systems capable of identifying parcel barcodes, reading destination zip
codes, and placing packages into the correct postal sack. The system uses laser imaging sensors to assess sack fullness before
closing—a capability that manual operators cannot replicate consistently and which is expected to improve sack density over time.

The technology had been proven at scale prior to this rollout, with 8 robotic cells operating at an existing pilot facility and consistently
exceeding 325 parcels per hour.

B. Throughput Benchmarks

Three sortation approaches were evaluated: fully manual, sort-to-light, and robotic. Figure 3 below summarizes the throughput and
labor implications of each. Sort-to-light achieves higher peak throughput than robotics but does not eliminate the need for operators
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at each station. Robotics achieves slightly lower throughput than sort-to-light's peak but nearly eliminates the dedicated labor
requirement—the trade-off that determined the selection decision.

Table I: Throughput Comparison Across Sortation Methods

Method Parcels Per Hour (PPH) Headcount per Pod

Fully Manual ~200 3 operators Baseline
Robotic System 325+ 0.75 (sack tying only) 75% throughput
gain vs. manual
Sort-to-Light ~375 Still requires headcount Higher PPH but

labor not

eliminated

Figure 3: Throughput Comparison - Manual vs. Robotic vs. Sort-to-Light
(Robotics wins on labor elimination; Sort-to-Light wins on raw throughput but retains full headcount)
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Figure 3: Throughput Comparison — Manual, Robotic, and Sort-to-Light Sortation Methods
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Fiqure 4: Headcount Per Sortation Pod - Manual vs. Robotic
75% reduction in dedicated sortation labor; 0.75 FTE handles sack tying and replacement only
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Figure 4: Headcount per Sortation Pod — Manual vs. Robotic (75% labor reduction)

I11. Multi-Site Deployment

The rollout covered three fulfillment sites, each receiving a defined number of robotic cells on a sequential installation schedule
designed to complete before peak season operations. Table Il summarizes the deployment by site.

Table 11: Robotic Deployment by Site

Site 1 (MCO) Jun 2022 Jun 2022 $401,100 Largest pod in rollout
Site 2 (EWR) 3 Jul 2022 Jul 2022 $171,900 Compact urban
facility
Site 3 (ONT) 3 Aug 2022 Aug 2022 $401,100 West Coast
deployment
Total 15 Jun-Aug 2022 — $4.515MM Incl. full Raas cost
(total CIP)

The installation timeline was sequenced deliberately to avoid overlap with peak parcel season. All three sites reached go-live status
by August 2022, with a hard cutoff of October 1 set for any remaining commissioning or acceptance testing. Each CIP was structured
as a sub-set of a larger planned network rollout, preserving the 3PL's flexibility to modify or redirect future site deployments without
contractual penalty.

IVV. The RaaS Financing Model and Its Implications

Under a traditional capital procurement model, a 3PL buying robotic sortation equipment faces a large upfront outlay, depreciation
schedules, and ongoing maintenance obligations. The RaaS model inverts this: the robotics provider retains equipment ownership,
and the 3PL pays a fixed monthly fee per robot that bundles hardware, software licensing, software updates, installation, support,
and maintenance. There is no capital asset on the 3PL's balance sheet.

The per-robot economics: $6,300 per robot per month during the initial 3-year lease term, dropping to a residual rate of $2,800 per
month after the term expires. That step-down is a meaningful inflection in the savings trajectory—it is when the economics shift
from defensible to compelling. The contrast with labor cost dynamics is the other half of the argument. Manual sortation wages were
assumed to grow at 5% annually in the financial model—a figure the CIP itself flags as conservative given actual post-pandemic
warehouse labor market conditions. The RaaS monthly fee does not respond to labor market tightness, minimum wage legislation,
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or regional wage competition. That stability has real value, and it is not fully captured in a simple cost-per-parcel comparison.
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V. Financial Case

A. Model Assumptions

Table 111: Financial Model Assumptions

Manual throughput 203 parcels/person/hour
Robot throughput 325 parcels/hour per cell
Annual volume growth 10% YoY
Base hourly wage (blended) $21.50 (range: $20.28-$23.15 by site)
Annual wage growth 5% YoY (conservative)
RaaS monthly fee — lease term $6,300 per robot
RaaS monthly fee — residual $2,800 per robot
Lease term 3 years
Residual labor fraction 0.25 FTE per robotic pod
Work days per year 320

B. Annual Savings Trajectory

Year 1 savings are negative—the RaaS cost exceeds labor savings in the ramp year as the technology is installed mid-year and
volume has not yet fully shifted to robotic processing. From Year 2 onward the savings trajectory climbs consistently as wage
inflation compounds against the fixed RaaS rate, reaching $6.1MM in Year 4 before the residual pricing rate takes effect in Year 5.

Figure 1: Annual Savings Trajectory - Robotic vs. Manual Sortation
(Negative Year 1 reflects mid-year installation; residual pricing takes effect in 2026)
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Figure 1: Annual Savings Trajectory — Robotic vs. Manual Sortation (2022—2026)

Table I1V: Projected Annual Savings — Robotic vs. Manual Sortation

Manual Labor Cost RaaS Cost Annual Savings

2022 (Ramp) $4.69MM $5.92MM ($1.23MM) ~26%
2023 $11.05MM $5.15MM $3.27MM +30%
2024 $12.76MM $5.15MM $4.58MM +36%
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2026 (Residual)
4-Year Total

$14.73MM $5.15MM $6.09MM +41%
$8.68MM $3.08MM $3.22MM +37%
= = ~$15.0MM —

C. Labor Cost Divergence

Figure 2 illustrates the diverging cost trajectories most clearly. The manual labor cost line rises steadily as 5% annual wage growth
compounds; the RaaS cost line is flat through the lease term and then steps down at the residual rate. The gap between the two lines
is the savings—and it widens every year. Per-site CIP figures report an incremental EBIT of $6.712MM and NPV of $3.238MM per
facility, with a payback period of 0.62 years.
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Figure 2: Manual Labor Cost vs. Fixed RaaS Cost Over 4 Years
(As wages compound at 5% YoY, the gap widens — Raa$ rate is locked in for contract duration)
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D. Payback Curve
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Figure 2: Manual Labor Cost vs. Fixed RaaS Cost — Diverging Trajectories Over 4 Years

The cumulative payback curve (Figure 5) shows when the 3PL recoups its effective investment and enters sustained net positive
territory. The crossover occurs at approximately 0.62 years—under 8 months from go-live. After that point, every month of continued
operation adds to the net savings position, with acceleration as wage growth compounds in later years.
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Figure 5: Payback Curve - Cumulative RaaS Cost vs. Manual Labor Cost
(Net savings line crosses zero at ~0.62 years; divergence accelerates as wages compound)
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Figure 5: Payback Curve — Cumulative RaaS Cost vs. Manual Labor Cost with Net Savings

VI. Operational Impact

A. Labor Reduction

The most tangible operational outcome is headcount reduction in the sortation function. A fully manual sortation pod requires 3
operators. Post-installation, each robotic cell requires 0.75 of an operator—one person managing four cells, handling sack tying and
replacement as sacks fill. That is a 75% reduction in dedicated sortation labor per pod. In a multi-site operation running multiple
shifts, this compounds into significant FTE savings. In a growing parcel network, it is equally valuable as a capacity unlock: the
same operators who previously ran four manual pods can now support 16 robotic cells, absorbing volume growth without
proportional labor additions.

B. Accuracy and Data Quality

The robotic system scans each parcel barcode before placement, linking the package to its destination container in real time. That
automated scan-to-container data link eliminates the primary source of sortation errors and creates a timestamped audit trail for every
parcel processed. Manual sortation operations running at 95% accuracy generate mis-sorts that propagate downstream—wrong sack,
wrong facility, delayed consumer delivery. The robotics solution addresses this at the source.

C. Sack Density

An additional benefit flagged but excluded from the financial model as unproven is improved sack density. The robotic system uses
laser imaging to assess sack fullness before closing, yielding more consistently full sacks, fewer total sacks per shift, and reduced
materials cost. The 3PL's operations team noted this as an expected but unquantified benefit—meaning the conservative model likely
understates the true economics.

VII. Risk Analysis

Three primary risks were identified. Technology and integration risk was the most significant: competing internal priorities for IT
and engineering resources could delay installation. The mitigation relied on the pilot site having already completed the majority of
integration work, with the multi-site rollout building on a proven technical foundation.

Installation during peak operations posed a scheduling risk. The project team set a hard October 1 deadline for all installation and
testing activities across all three sites, with the sequential June—August rollout designed to clear that constraint with buffer. The third
risk—overseas equipment shipment delays—was particularly relevant in the 2021-2022 supply chain environment. The mitigation
was schedule buffering and active shipment monitoring.

A fourth risk, not explicitly listed but implicit in the technology selection, is vendor concentration. A RaaS model with a single
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robotics provider creates operational dependency on one vendor's maintenance and software support. The 3PL partially mitigated
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this by retaining flexibility to alter or redirect future site deployments without contractual penalty—preserving optionality to switch
to alternative solutions if vendor performance or terms changed.

VII1. Robotic Sortation vs. Alternative Approaches

Sort-to-light achieves higher peak throughput (375 PPH versus 325 PPH for robotics) and carries lower technology risk as a more
mature, widely deployed warehouse technology. Its critical weakness in this context is that it does not solve the labor problem—
operators are still required at each station. In a sustained tight labor market, that dependency is a structural vulnerability the
throughput advantage cannot compensate for.

Robotics gives up 50 PPH at peak throughput compared to sort-to-light but nearly eliminates dedicated operators per station. Given
that the primary drivers of this investment were labor cost, labor availability, and labor variability—not raw throughput
maximization—the trade-off is the right one. With parcel volumes growing at 10% annually, throughput ceiling is a secondary
concern when the primary constraint is labor supply.

IX. What This Case Actually Tells Us

The headline numbers are real and compelling: sub-8-month payback, $15MM in projected 4-year savings, 75% throughput
improvement versus manual. But a few observations from this case deserve more attention.

First, the timing argument for automation is underappreciated. The period in which this investment was made (2021-2022) saw
warehouse labor wages spike well above the 5% annual model assumption in many U.S. markets, driven by post-pandemic labor
shortages and wage competition from large e-commerce operators. The RaaS fee does not respond to any of that. Every point of
wage inflation above 5% adds to the savings—and the 3PL locked in its cost before those increases compounded.

Second, the RaaS structure is doing more work than it appears. By converting what would otherwise be a capital purchase into an
operating expense, the 3PL avoided large upfront commitment, preserved balance sheet flexibility, and shifted technology
maintenance risk to the vendor. The 0.62-year payback looks impressive partly because there is no capital base to recover—the
investment is structured to generate positive cash flow almost immediately.

Third, the pilot-first approach to multi-site rollout is the correct risk management posture. The prior pilot generated the throughput
data that anchored the business case. Without it, the 325 PPH figure would have been a vendor claim rather than an operator-verified
result. The financial model is built on observed performance, not spec sheet projections.

Fourth, the conservative treatment of ancillary benefits—sack density improvement, downstream error resolution cost avoidance—
means the model likely understates the true economics. These are real operational benefits with real cost implications that the actual
savings trajectory will likely exceed once measured and attributed.

X. Conclusion

Robotic sortation for DDU postal sacking is not a futuristic concept in ecommerce logistics. This case demonstrates it as a
commercially mature, operationally proven, and financially compelling alternative to manual sortation at scale. The 3PL's multi-site
deployment achieved its core objectives—throughput improvement, labor reduction, and cost savings—without the capital exposure
of traditional automation investment.

The deeper lesson is about risk structure. A fixed-cost RaaS model against a variable and rising manual labor baseline is not just
cheaper in expectation—it is structurally less risky in an environment where labor costs are unpredictable. The 3PL did not just buy
throughput. It bought cost certainty in a function that had previously been one of its most volatile cost centers.

For logistics operators still running manual or semi-automated sortation operations, the calculus has shifted. The technology is
proven, the financing structures are accessible, and the labor market conditions that made manual operations expensive in 2022 have
not resolved. The question is no longer whether to automate sortation—it is how quickly the organization can sequence the rollout
without disrupting peak operations.
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