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About This Document

This white paper provides a comprehensive overview of the outdoor litter collection crisis and SPAN Robotics' proposed
autonomous solution, currently in active development. It is intended for potential partners, investors, municipal decision-makers,
and facilities management professionals evaluating next-generation waste management technology.
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Executive Summary

Outdoor litter is a $11.5 billion annual problem in the United States alone. Every year, 24 billion pieces of litter

accumulate on roadsides, in parks, and across campuses — collected almost entirely by manual labor. Road
debris causes approximately 53,000 vehicle crashes, 5,500 injuries, and 72 deaths every year. Meanwhile, over

100 roadway workers are killed on the job annually — with debris pickup ranked among the most dangerous
activities they perform.

SPAN Robotics is developing the world's first fully autonomous outdoor litter collection system. Our integrated platform —
combining solar-powered Smart Stations, autonomous Rover fleets, and Scout Drones — is designed to eliminate the need to
put humans in harm's way, monitor for larger debris in real time, and generate the most comprehensive outdoor litter dataset
ever assembled.

The Problem
$11.5B spent annually on US litter cleanup

24 billion pieces of roadside litter per year

53,000 debris-related vehicle crashes per year

100+ roadway workers killed on the job annually

Our Proposed Solution
Fully autonomous end-to-end collection

Solar-powered, zero infrastructure needed

AI-driven routing and identification

Continuous data generation and improvement

Market Opportunity

SPAN targets a combined total addressable market exceeding $46 billion across three segments:
university and corporate campuses, parks and municipal property, and highway systems. Our data
monetization strategy creates a high-margin secondary revenue stream that no competitor can replicate.
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The Litter Crisis

Outdoor litter is one of the most pervasive and underappreciated environmental challenges in the United States. Despite
decades of public awareness campaigns and billions in annual spending, the problem continues to grow. The scope of the
crisis demands a fundamentally new approach.

$11.5B
Annual US litter cleanup spending

24B
Pieces of roadside litter produced each year in the US

$500M+
Government spending on roadside litter collection annually

$48M
Philadelphia's annual litter cleanup budget alone

A Growing Problem
Litter generation continues to outpace collection capacity. Urban expansion, increased consumption of single-use packaging,
and insufficient waste infrastructure create a continuously widening gap. Current manual collection methods cannot scale to
meet demand.

The Environmental Impact
Uncollected litter enters waterways, pollutes ecosystems, and contributes to microplastic contamination. California
communities alone spend $500 million yearly on waterway trash prevention. The downstream environmental costs of inaction
far exceed the costs of collection.

The Economic Burden
Litter degrades property values, deters tourism and economic investment, and increases stormwater management costs.
Municipalities already straining under budget pressures are forced to allocate enormous resources to a problem that manual
methods alone cannot solve.

Key Insight: The cost of roadside litter collection ranges from $430 to $505 per centerline mile. State highway litter
collection alone exceeds $130 million per year — and these figures account for only the direct labor costs, not the
indirect costs of traffic disruption, environmental remediation, or worker injury and death.
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The Human Cost

Behind the economic statistics lies a human crisis. Road debris kills motorists and the workers sent to clean it

up. The data makes an overwhelming case for autonomous collection and real-time monitoring.

Danger to Motorists: Road Debris Crashes
According to the AAA Foundation for Traffic Safety (2018–2023), road debris is a factor in an estimated 53,000 crashes, 5,500
injuries, and 72 deaths every year in the United States. The majority of debris originates from unsecured vehicle loads and
detached vehicle parts, but accumulated roadside litter also migrates into travel lanes due to wind, mowing, and traffic
turbulence.

53K
Debris-related vehicle crashes per year (AAA, 2018–2023)

72
Motorist deaths per year caused by road debris

5,500
Injuries per year from debris-related crashes

108
Roadway workers killed on the job in 2021 (BLS)

Danger to Workers: Debris Pickup Is a Deadly Task
The Bureau of Labor Statistics reports that over 100 roadway workers are killed on the job each year. The FHWA specifically
lists "picking up debris" among the work activities being performed at the time of worker deaths. In 2021, 63% of highway
worker fatalities resulted from a vehicle striking a worker — up from 35% in 2015. When struck by a median-size pickup truck
at just 45 mph, a highway worker has an 85% likelihood of dying.

Collect and Monitor: Two Ways SPAN Saves Lives

SPAN's autonomous rovers directly eliminate the need for workers to collect litter on foot near active traffic. For
larger debris that rovers cannot handle, the Scout Drone and rover cameras provide real-time detection and
reporting — alerting dispatchers so a worker can be sent only when necessary, with precise location data,
reducing both response time and exposure. Every hour a human doesn't spend walking a highway shoulder is an
hour they can't be struck.
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The SPAN System

SPAN Robotics is developing a fully integrated, autonomous outdoor litter collection platform. The system will

comprise four components designed to work together as a coordinated whole, delivering capabilities that no
single technology can achieve alone. The platform is currently in active development, with campus pilot

deployments planned as the first milestone.

S Smart Trash Station
THE HUB

The Smart Station will serve as the central hub of every SPAN deployment. Solar-powered with integrated battery
storage, it is designed to operate 24/7 without external power infrastructure. Each station will house a powerful edge
AI computer that processes video feeds from the rover fleet in real time, coordinating collection routes and classifying
collected waste.

Solar-powered with battery storage

Edge AI computer for real-time processing

Fill-level monitoring with alerts

Trash analytics and classification engine

Fleet communication and coordination hub

Built-in compaction to extend capacity

R Autonomous Rover Fleet
THE COLLECTOR

The Rover will be the workhorse of the SPAN system. Powered by Vision Language Action (VLA) models, each rover
will autonomously identify, navigate to, and collect litter across diverse terrain types including sidewalks, grass, trails,
and road shoulders. Multiple rovers will operate per station, covering large areas efficiently through coordinated fleet
management.

VLA models for identification and picking

Multi-terrain autonomous navigation

Coordinated fleet operation

Returns waste to Smart Station automatically

Continuous learning from every collection

Weatherproof, rugged construction
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The SPAN System

D Scout Drone
THE EYES

The Scout Drone will provide the aerial intelligence that makes the entire system more efficient. By surveying the
deployment area from above, it will map litter distribution patterns, identify hotspots, and generate optimized
collection routes for the rover fleet. The drone will recharge at the Smart Station between flights.

Aerial mapping and litter distribution survey

Route optimization intelligence for rovers

Hotspot identification and prioritization

Solar recharging at station between flights

P Data Platform
THE INSIGHTS

Every SPAN deployment will be connected to a centralized data platform that provides facility managers with complete
visibility into system performance and waste analytics. The platform will track collection volumes, waste classification,
system health, and historical trends.

Centralized dashboard for facility managers

Real-time system monitoring and analytics

Waste type classification and volume tracking

Historical data for operational optimization

API access for integration with existing facility systems

Full-Stack Integration

Unlike point solutions that address only one piece of the problem, SPAN's integrated design creates a self-
reinforcing loop: drones will optimize rover routes, rovers will generate training data, the station will process and
coordinate everything, and the data platform will close the feedback loop. Each component is designed to make
the others more effective.
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How It Works

The SPAN system is designed to operate in a continuous, autonomous cycle requiring no human intervention during normal
operations. Here is the planned end-to-end operational flow:

1 Deploy & Power Up

The Smart Station is placed in the target area. Solar panels charge the battery system. Rovers and drone are
initialized and paired with the station. No external power or connectivity infrastructure is required.

2 Aerial Survey

The Scout Drone launches and conducts an aerial survey of the deployment zone, generating a high-resolution map
of litter distribution. The system identifies hotspots and calculates optimal collection routes for each rover.

3 Autonomous Collection

Rovers deploy along optimized routes, using VLA models to identify and collect litter items. Each rover navigates
autonomously across varied terrain, picking up items and storing them in its onboard collection bin. The fleet
coordinates to avoid overlap and maximize coverage.

4 Return & Deposit

When a rover's bin is full or its battery needs charging, it returns to the Smart Station, deposits collected waste, and
recharges. The station compacts waste to maximize capacity and classifies each item for the dataset.

5 Data Processing & Learning

The edge AI computer processes all collected data — images, GPS coordinates, waste classification, terrain mapping
— and uploads it to the cloud platform. Machine learning models are continuously refined, making every future
collection cycle more efficient.

6 Report & Repeat

Facility managers receive real-time dashboards showing collection volumes, waste composition, coverage maps, and
system health. The cycle repeats continuously, with the system growing smarter and more efficient with every
iteration.
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Three Markets

SPAN Robotics addresses three distinct market segments, each with unique characteristics, value propositions, and growth
dynamics. This three-market strategy de-risks the business and creates multiple paths to scale.

1 University & Corporate Campuses
BEACHHEAD MARKET — STARTING POINT

Campuses represent the ideal entry point for SPAN deployments. These are controlled environments with strong
sustainability mandates, predictable foot traffic patterns, and facilities management teams actively seeking innovation.
Minimal permitting requirements enable fast deployment.

Market Data

4,000+ universities in the US

16.4% of college budgets go to maintenance

$10B+ annual campus grounds maintenance

Strong ESG and sustainability mandates

Pricing

Small campus: ~$3,500/month

Medium campus: ~$9,000/month

Large campus: custom pricing

Includes station, rovers, drone, platform

2 Parks & Municipal Property
CORE MARKET — LARGEST VOLUME OPPORTUNITY

Municipal parks, public spaces, and city property represent the largest volume opportunity for SPAN. Billions in annual
cleanup spending, growing smart city initiatives, and increasing public demand for cleaner spaces create a strong
market pull. Smart city budgets are creating new funding pathways for autonomous solutions.

Massive scale: billions in annual US municipal cleanup spending

Smart city initiatives creating dedicated automation budgets

High public visibility drives adoption and political support

Targets: city parks departments, county recreation, state parks, public venues
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Three Markets

3 Highways & DOT Contracts
HIGHEST VALUE MARKET

Highway and Department of Transportation contracts represent the highest-value segment in SPAN's market strategy.
The combination of large contract values, dangerous working conditions, and strong government incentive to
automate creates a compelling value proposition that goes beyond economics to worker safety.

Market Data

$500M+ annual government spending on roadside
litter

$430-505 per centerline mile collection cost

State highway collection exceeds $130M/year

108 roadway workers killed on the job (2021)

Advantages

Largest per-contract values

Federal innovation grants support automation

Strong safety mandate drives adoption

Long-term government contract cycles

Market Comparison

ATTRIBUTE CAMPUS PARKS & CITY HIGHWAYS

Time to Deploy Fast Moderate Longer (procurement)

Contract Value $3.5K-9K+/mo Varies widely Highest

Permitting Minimal Moderate Significant

Safety Impact Moderate Moderate Critical

Data Value High Very High Very High

Entry Timing Phase 1 Phase 2 Phase 3
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The Data Advantage

SPAN Robotics won't just collect litter — it will generate the world's most comprehensive outdoor litter dataset.

No large-scale labeled dataset of outdoor litter currently exists. Every item collected, every route traveled, and
every terrain mapped will add to a data asset that grows more valuable with every deployment.

What We Collect

Object Detection

100+ trash types labeled in natural
outdoor settings with bounding
boxes and segmentation masks

Terrain & Navigation

Surface classification, traversability
mapping, and obstacle data across

diverse environments

Manipulation

Robotic grasping data for irregular
objects in unstructured outdoor

environments

The Data Flywheel
Every SPAN deployment will create a self-reinforcing improvement cycle. More collections generate more data. More data
improves models. Better models increase collection efficiency. Higher efficiency attracts more customers. More customers
generate even more data. This flywheel is designed to create a compounding competitive advantage that grows stronger over
time.

Monetization Channels
AI & Robotics Companies: Training data for outdoor
vision and manipulation models

Environmental Organizations: Litter composition and
distribution analytics

Municipal Planners: Waste pattern data for infrastructure
decisions

Consumer Goods Companies: Brand-level packaging
waste analytics

Insurance & ESG Firms: Environmental risk and carbon
credit data

Research Institutions: Longitudinal environmental
datasets

Municipal Revenue Sharing

Cities deploying SPAN systems share in data revenue, creating a win-win incentive structure. This model reduces
the effective cost of SPAN services while giving municipalities a financial stake in the system's success — driving
adoption and long-term partnerships.
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Market Opportunity

SPAN Robotics operates at the intersection of two rapidly growing markets: smart waste management and autonomous
robotics. The combined total addressable market across all three segments exceeds $46 billion.

$46B+
Combined Total Addressable Market

$7.15B
Smart Waste Management Market by 2030 (15.1% CAGR)

$114.5B
Cleaning Robot Market by 2033 (23.6% CAGR)

$11.5B
Annual US Municipal Litter Cleanup Spending

TAM Breakdown by Segment

SEGMENT ANNUAL MARKET SIZE GROWTH RATE

Campus Grounds Maintenance $10B+ 3-5% CAGR

Municipal Litter Cleanup $11.5B Growing with urbanization

Smart Waste Management $3.5B (2025) → $13.3B (2035) 15.1% CAGR

Cleaning Robot Market $21B (2025) → $114.5B (2033) 23.6% CAGR

Highway Litter Collection (Gov't) $500M+ Tied to DOT budgets

Revenue Streams

Primary Revenue

Hardware deployment (capital or lease)

Monthly/annual service subscriptions

Maintenance and support contracts

Government contracts (DOT, municipal)

High-Margin Secondary Revenue

Outdoor litter datasets for AI companies

Environmental analytics for municipalities

VLA model licensing for trash picking

Carbon credit data for ESG reporting
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Go-To-Market Strategy

SPAN employs a phased go-to-market strategy that systematically reduces risk while building the technology, data, and
operational capabilities needed to address progressively larger and more complex market segments.

Phase 1: Campus Pilots
FOUNDATION — YEAR 1-2

Establish product-market fit through pilot deployments at universities and corporate campuses. These controlled
environments enable rapid iteration, proof of performance, and early revenue generation while building the
foundational litter dataset.

5-10 station deployments

15-30 rovers in fleet

$25K monthly recurring revenue

100K trash items collected

500K labeled images in dataset

$500K in grant funding secured

Phase 2: Municipal Expansion
SCALE — YEAR 2-3

Leverage campus success stories and proven performance data to expand into parks and municipal contracts. Smart
city initiatives and public-sector innovation budgets provide natural entry points. Data monetization revenue begins to
contribute meaningfully.

100+ station deployments

300+ rovers in fleet

$500K monthly recurring revenue

10M trash items collected

50M labeled images in dataset

$3M in grant funding secured

Phase 3: Highway & DOT Contracts
DOMINANCE — YEAR 3-5

Enter the highest-value market segment with a proven track record, massive dataset, and refined operational
playbook. Federal highway innovation grants and the compelling worker safety narrative accelerate adoption.

1,000+ station deployments

3,000+ rovers in fleet

$5M monthly recurring revenue

500M+ trash items collected

1B+ labeled images in dataset

$10M+ in grant funding secured

SPAN Robotics — White Paper 2026 13



SPAN
R O B O T I C S

Let's Clean Up Together
We're actively developing our platform and seeking early adopters and investors.

Join us in building the future of outdoor space maintenance.

GET IN TOUCH

Email: info@spanrobotics.com

Web: spanrobotics.com
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