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60-SECOND SUMMARY
Warehousing accounts for 11% of global CO₂ emissions, but automation offers a more sustainable 
solution. AI-driven logistics, energy-efficient AS/RS, self-charging robotics, and smart sorting 
systems reduce energy use, optimize space, and minimize waste. Automated fulfillment and 
electrified warehouse vehicles cut emissions, while allowing for real-time data tracking to improve 
efficiency. These innovations drive cost savings and sustainability, making automation essential 
for a greener, more profitable future.
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Warehouses are essential to global supply chains but have a substantial environmental impact. Energy 
consumption in traditional warehouses is highest in industrial sectors, primarily due to extensive lighting, 
numerous HVAC systems, and manual material handling equipment. This leads to high electricity bills and 
increased carbon emissions, which can account for roughly 15% of warehouse overhead. Traditional warehouses 
require vast real estate, often contributing to urban sprawl and deforestation. Poor space utilization means 
warehouses are operating inefficiently, underutilizing excessive square footage.

Another major concern is the excessive waste generated from packaging materials and the high rate of product 
mismanagement. Incorrect order processing leads to unnecessary returns, adding to transportation emissions 
and material waste. Inefficient fulfillment processes increase vehicle miles, fuel consumption, and greenhouse 
gas emissions. Warehouse operators can significantly reduce their environmental footprint and move toward 
sustainable logistics operations by addressing these challenges.

CHAPTER 1

THE ENVIRONMENTAL IMPACT OF WAREHOUSING

INTRODUCTION

As global e-commerce and logistics grow, so does their environmental impact. Warehouses contribute significantly 
to carbon emissions through energy-intensive operations, excessive waste, and inefficient logistics processes. 
Studies indicate that warehousing and logistics account for nearly 11% of global CO₂ emissions.

Automated warehouse solutions offer a pathway toward greater efficiency, lower emissions, and a reduced carbon 
footprint. Implementing automation supports environmental goals and leads to long-term operational cost savings 
and increased productivity.

This eBook explores how warehouse automation can drive sustainability through energy efficiency, space 
optimization, waste reduction, and smarter logistics. 

In the United States, the average non-refrigerated warehouse consumes 
approximately 6.1 kilowatt-hours (kWh) of electricity and 13,400 Btu of natural 
gas per square foot each year. Lighting and heating account for at least 76% of 
these usage figures. 

https://www.shipleyenergy.com/resources/commercial/guide-to-reducing-warehouse-electricity-costs
https://www.iso.org/contents/news/2023/01/a-net-zero-logistics-sector.html
https://www.shipleyenergy.com/resources/commercial/guide-to-reducing-warehouse-electricity-costs
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CHAPTER 2

THE ROLE OF AUTOMATION IN GREEN WAREHOUSING

Automation plays a vital role in reducing the carbon footprint of warehouses by enhancing efficiency, minimizing 
waste, and optimizing energy use. Warehouses can leverage smart automation technologies and artificial 
intelligence (AI) to reduce excessive movement of goods and energy consumption.

Smart order fulfillment systems accurately process orders and reduce packaging waste and transportation-related 
emissions from returns or damaged goods. These combined benefits make warehouse automation a cornerstone of 
sustainable logistics.

Energy Efficient Robotics: Automated storage and retrieval systems (AS/RS) and sorting 
systems can use self-charging, energy-efficient robots that consume significantly less power 
than traditional conveyor-based item handling.

Dense Storage Solutions: AS/RS allow for high-density vertical storage, reducing the footprint 
needed for storing inventory and allowing space to be repurposed.

Optimized Inventory Movement: Automated systems and AI-driven algorithms reduce 
excessive touches and movement, lowering energy usage.

Smart Order Fulfillment: Intelligent automation reduces packaging waste, decreases product 
damage and loss, enhances order accuracy, and speeds up shipments.

Kookaburra implemented the OPEX Sure 
Sort system, reducing labor needs by 65% 
while improving sorting efficiency and 
reducing wasteful manual processes.

CASE STUDY INSIGHT

Kookaburra Educational Resources

https://www.opex.com/solutions/automated-storage-retrieval-systems/
https://www.opex.com/solutions/automated-sorting-systems/
https://www.opex.com/solutions/automated-sorting-systems/
https://www.opex.com/case-study/kookaburra-transforms-the-kitting-process-to-deliver-excellent-customer-service/
https://www.opex.com/case-study/kookaburra-transforms-the-kitting-process-to-deliver-excellent-customer-service/
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Energy-efficient warehouse technologies are transforming the logistics industry by reducing power consumption 
while maintaining high productivity. AS/RS and other automated systems significantly reduce energy usage 
compared to traditional warehouse operations by minimizing unnecessary movement and optimizing inventory 
placement. Smart energy management systems also allow warehouses to capture and redistribute power efficiently

TYPES OF ENERGY-EFFICIENT AUTOMATION SYSTEMS

Automated Storage and Retrieval Systems (AS/RS): 

Implementing an AS/RS that increases storage density by nearly three times can significantly lower expected 
energy consumption, coming in at about half of the original estimate. Wireless robots within these storage 
solutions also feature real-time power management and braking energy recapture, reducing overall energy 
consumption. Eliminating traditional conveyor belts in favor of direct-to-operator tote retrieval further reduces 
energy waste by minimizing idle conveyor operations. AS/RS also minimizes labor requirements, lowering energy 
consumption.

Automated Sorting Systems: 

Automated sorting systems promote sustainability by consuming less 
energy than autonomous mobile robots (AMRs), which require frequent 
recharging. They enhance sorting accuracy, reducing product returns 
and minimizing excess packaging. Additionally, these systems optimize 
logistics with precise shipments, decreasing the number of trucks needed. 
Minimizing labor requirements also contributes to fewer shifts and lower 
power consumption in facilities.

OTHER ENERGY-EFFICIENT SOLUTIONS

Smart Lighting:

Smart lighting solutions, such as LED systems integrated with motion 
sensors, provide illumination only when necessary, reducing electricity 
consumption. According to US LED, LEDs use up to 75% less energy 
than conventional lighting, resulting in significantly lower utility bills. 
Automated warehousing systems allow for lights-out operations, meaning 
entire warehouse sections can run without full-time lighting, significantly 
reducing electricity use.

AI-Driven Climate Control:

AI-driven climate control optimizes HVAC operations, maintaining the ideal 
temperature with minimal energy use. Automated storage solutions allow 
for denser storage in a smaller footprint, which lowers climate control 
needs by reducing open-air temperature variations in large warehouse 
spaces. Modular racking designs keep stored inventory more compact, 
helping HVAC systems work more efficiently.

The transition to electric warehouse bots that operate on low-energy ultra-
capacitor technology and self-charge in motion eliminates the need for 
excessive battery swaps or fossil-fuel-powered equipment. These energy-
efficient solutions help businesses operate sustainably while reducing 
operational costs. 

CHAPTER 3

ENERGY-EFFICIENT TECHNOLOGIES IN WAREHOUSE AUTOMATION

AS/RS

AUTOMATED SORTING

AI-DRIVEN CLIMATE 
CONTROL

ENERGY-EFFICIENT 
SOLUTIONS

SMART LIGHTING

https://www.opex.com/ebook/sure-sort-x-vs-amrs-for-sorting
https://www.opex.com/ebook/sure-sort-x-vs-amrs-for-sorting
https://blog.usled.com/7-ways-led-lighting-for-warehouses-builds-greater-efficiency?utm_source=chatgpt.com
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Traditional warehouses often require large footprints to accommodate their operations. However, sustainable 
automation solutions enable better space utilization through vertical dense-storage systems and optimized 
layouts. Warehouses can store more products in a smaller area, reducing the need for warehouse expansion and 
land use by implementing high-density racking and automated material handling solutions.

Intelligent storage solutions ensure that the inventory is organized efficiently, reducing travel time and improving 
order fulfillment speed. Advanced warehouse management systems (WMS) track inventory in real-time, preventing 
overstocking and ensuring optimal use of available space. This decreases waste and lowers overall energy 
consumption by reducing unnecessary material movement. 

KEY BENEFITS OF OPTIMIZING WAREHOUSE SPACE:

CHAPTER 4

SUSTAINABLE STORAGE & SPACE UTILIZATION

By integrating Sure Sort with RFID 
scanning, Bleckmann doubled operational 
efficiency and reduced sorting errors, 
improving last-mile logistics sustainability.

CASE STUDY INSIGHT

Bleckmann 3PL

High-density 
storage minimizes 

real estate 
expansion needs.

Reducing footprint 
lowers heating/

cooling costs and 
emissions.

Maximized cubic 
storage leads to 

reduced material 
handling.

https://www.opex.com/case-study/bleckmann-adopts-groundbreaking-rfid-scantunnel-for-sure-sort-sorter-achieving-a-2xincrease-in-operational-efficiency/
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CHAPTER 5

REDUCING WASTE IN FULFILLMENT & PACKAGING

Traditional warehouses often struggle with excessive waste due to 
inefficient packaging and inaccurate order fulfillment. Automation 
significantly improves sustainability by introducing intelligent packaging 
systems that optimize material usage, reducing waste. Automated 
packaging solutions can dynamically adjust the packaging size to fit items 
more efficiently, minimizing the use of unnecessary materials such as 
plastic wrap and cardboard.

AUTOMATING ORDER PACKOUT AND TAKEAWAY

A major advancement in reducing waste within warehouse fulfillment is the 
integration of an automated pack-out and takeaway system. This solution 
automates the final stage of order fulfillment - retrieving and transferring 
sorted orders into their respective shipping containers - without requiring 
manual intervention, additional packaging materials, or unnecessary 
handling. These systems ensure that items are sorted and transferred 
efficiently, reducing the chance of packaging errors that often result in 
product returns and waste. 

This one-touch automation system minimizes human handling, reduces damage to fragile goods, and eliminates 
the need for repackaging. The ability to process up to 1,800 units and extract 200 orders per hour ensures precise 
order sequencing and takeaway, leading to a leaner, more sustainable fulfillment process.

Beyond automation, recycling and circular economic initiatives are also critical in minimizing warehouse waste. 
Many companies are now designing packaging materials that can be reused, composted, or recycled efficiently. 
Automation enhances these efforts by streamlining waste sorting and optimizing the use of recyclable materials, 
making it easier for warehouses to implement closed-loop packaging systems. Companies can align their 
fulfillment processes with long-term environmental goals by integrating sustainable materials and reducing 
reliance on single-use packaging.

Save Space with Perfect Pick® HD

https://www.opex.com/product/sure-sort-x-with-xtract/
https://www.opex.com/video/perfect-pick-hd-space-savings/
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CHAPTER 6

OPTIMIZING LOGISTICS FOR SUSTAINABILITY

Sustainable warehouse operations extend beyond the facility’s four walls - logistics and the supply chain play a 
crucial role in reducing carbon emissions and optimizing energy efficiency. Traditional fulfillment methods often 
rely on inefficient routing, excessive vehicle use, and outdated transportation management practices, leading to 
high fuel consumption and unnecessary emissions. Automation and data-driven logistics solutions transform 
how goods move through the supply chain, creating opportunities for warehouses to minimize their environmental 
footprint.

METHODS TO REDUCE ENVIRONMENTAL IMPACT IN THE SUPPLY CHAIN

Warehouses can significantly reduce their carbon footprint, improve operational efficiency, and support a more 
sustainable logistics network by embracing automated sorting, electric warehouse vehicles, and real-time route 
optimization.

Implement Automated Sortation and Routing Systems: 

One of the most impactful ways to reduce emissions is through automated sortation and 
routing systems. Leveraging intelligent sortation technology allows warehouses to group 
shipments efficiently and minimize the number of partially filled trucks leaving distribution 
centers. Automated sorting solutions enhance last-mile delivery efficiency by ensuring 
packages are correctly sorted and routed, reducing misrouted shipments that lead to extra 
fuel use and delivery delays. Shipment consolidation and distribution optimization directly 
contribute to lowering carbon emissions while improving customer satisfaction.

Utilize Analytics to Optimize Transportation

Real-time logistics data and route optimization are equally important in minimizing 
environmental impact. Many warehouses are now leveraging AI-driven transportation 
management systems (TMS) to analyze real-time delivery routes, reducing unnecessary mileage 
and improving fuel efficiency. Predictive analytics help determine the most efficient shipment 
schedules, enabling warehouses to combine deliveries and optimize truckloads, ultimately 
reducing emissions. 

Transition to Electric Warehouse Vehicles and Robots: 

Another key factor in sustainable logistics is transitioning to electric warehouse vehicles. 
Diesel-powered forklifts, pallet jacks, and autonomous guided vehicles (AGVs) contribute 
significantly to emissions within warehouse operations. Battery-powered forklifts and AGVs 
enable warehouses to cut emissions and reduce reliance on fossil fuels. Lithium-ion batteries, 
self-charging capacitors, and hydrogen fuel cell innovations make electric-powered warehouse 
vehicles more practical, offering longer operational times and faster recharging capabilities.
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CHAPTER 7

DATA-DRIVEN SUSTAINABILITY IN WAREHOUSES

Data is the backbone of modern warehouse sustainability efforts. Without tracking and measuring energy 
consumption, material waste, and carbon emissions, warehouses cannot effectively implement and refine 
sustainability initiatives. Real-time data analytics and predictive sustainability tools enable warehouses to make 
data-driven decisions that enhance efficiency, reduce waste, and optimize resource allocation.

One of the most immediate benefits of real-time data tracking is its impact on energy efficiency. Sensors and IoT-
enabled devices embedded within warehouse infrastructure allow businesses to monitor energy use in real-time, 
identify inefficiencies, and adjust operations accordingly. For example, smart warehouse management systems 
(WMS) can automatically regulate lighting and climate control based on occupancy levels, ensuring that energy 
is only consumed when and where needed. These smart energy solutions reduce electricity consumption and 
operational costs, making warehouses more sustainable and cost-effective.

THE ROLE OF PREDICTIVE ANAYLTICS

Beyond energy management, predictive analytics plays a crucial role in resource optimization. AI-powered 
forecasting tools can anticipate demand fluctuations, preventing overstocking and reducing waste from expired 
or unsold inventory. By analyzing historical sales trends and real-time consumer demand signals, warehouses can 
fine-tune their inventory levels, ensuring products move efficiently through the supply chain with minimal waste. 
Predictive analytics also supports proactive equipment maintenance, allowing facilities to schedule servicing 
before equipment failures occur, reducing downtime, and extending the lifespan of machinery.

CLOUD-BASED PERFORMANCE MONITORING

A critical tool in optimizing sustainability and operational efficiency is a cloud-based platform that provides 
real-time machine performance monitoring, enabling warehouses to track key operational metrics and make 
informed decisions based on actual data. By consolidating and displaying performance data through interactive 
visualizations, these platforms allow businesses to monitor machine health, system throughput, and operational 
trends from anywhere. This real-time access to machine data helps warehouses reduce energy waste by optimizing 
equipment performance and identifying inefficiencies before they escalate into major disruptions.

Measuring Overall Equipment Effectiveness (OEE):

A good monitoring platform supports historical performance reporting, offering insights into overall 
equipment effectiveness (OEE) and throughput efficiency over time. OEE is a metric used to determine 
how efficiently equipment runs, considering machine availability, performance, and quality. 

Leveraging this data enables warehouse managers to identify patterns, adjust workflows, and implement 
targeted sustainability initiatives that improve resource utilization and further reduce unnecessary 
energy consumption. Automated alerts and diagnostics help facilities maintain equipment proactively, 
reducing the likelihood of breakdowns that could lead to excess energy use or operational waste.

Another advantage of cloud-based monitoring system is its ability to deliver critical sustainability KPIs directly to 
operators and decision-makers. Metrics such as machine uptime, aisle availability, and performance benchmarks 
provide warehouses with the insights they need to improve their operations continually. With automated email 
reports and cloud-based dashboards, warehouse teams can quickly identify areas of inefficiency, optimize 
workflows, and reduce resource consumption.

https://www.opex.com/product/rpm/
https://www.opex.com/product/rpm/
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FUTURE-PROOF OPERATIONS WITH REAL-TIME DATA

By integrating real-time data tracking, predictive analytics, and sustainability performance metrics through 
platforms, warehouses can continuously improve their sustainability efforts, reduce costs, and enhance overall 
operational efficiency. The integration of data-driven decision-making not only supports long-term environmental 
goals but also creates more resilient and future-proof warehouse operations.

CHAPTER 8

ROI OF SUSTAINABLE WAREHOUSE AUTOMATION

Investing in sustainable, scalable warehouse automation provides significant financial and environmental benefits. 
Businesses can achieve a strong return on investment (ROI) by reducing energy consumption, labor costs, and 
waste. The key to measuring ROI is evaluating operational savings and efficiency improvements over time.

To assist with this calculation, we have provided an ROI calculator that helps warehouse managers assess the 
long-term benefits of automation. This tool factors in potential energy savings, reduced labor costs, and increased 
productivity to determine the payback period for automation investments.

IS INVESTING IN WAREHOUSE AUTOMATION WORTH IT? 

Warehouses that implement automation see measurable improvements in efficiency, cost savings, and 
sustainability. The long-term financial benefits far outweigh the initial investment, making warehouse automation 
a strategic move for businesses focused on sustainability and profitability.

BEFORE AUTOMATION AFTER AUTOMATION SAVINGS

ANNUAL ENERGY COST $200,000 $140,000 $60,000

ANNUAL LABOR COST $1,500,000 $1,050,000 $450,000

ANNUAL MAINTENANCE 
COST

$100,000 $140,000 (-$40,000)

REVENUE GROWTH - +$500,000 $500,000

TOTAL ANNUAL SAVINGS - - $970,000

INITIAL INVESTMENT - $2,000,000 -

PAYBACK PERIOD - 2.3 years -

ROI - 43% -

Example Calculation:
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CONCLUSION

THE FUTURE OF SUSTAINABLE WAREHOUSING

The shift toward sustainable warehouse automation is not just about compliance - it’s about creating more 
efficient, cost-effective, and environmentally friendly operations. As automation technology evolves, warehouses 
will benefit from lower carbon footprints, optimized space utilization, and enhanced energy efficiency.

Reducing reliance on manual labor and traditional fossil-fuel-powered equipment enables companies to operate 
more sustainably while achieving long-term cost savings. AI-powered logistics, automated sorting, and sustainable 
packaging solutions lead the way toward an eco-friendly future. By embracing these innovations, warehouse 
operators can reduce waste, lower emissions, and improve overall efficiency.

The future of warehousing is one where automation and sustainability go hand in hand, ensuring businesses 
remain competitive while minimizing their environmental impact. Now is the time for industry leaders to 
implement sustainable automation.

Take the Next Step Toward a Greener, Smarter 
Warehouse. Sustainability and efficiency don’t 
have to be at odds. Automating your warehouse 
operations can significantly reduce costs, optimize 
space, and lower your environmental impact—all 
while increasing productivity and profitability. Let’s 
build a more sustainable and efficient supply chain—
together. Contact us today at info@opex.com or visit 
opex.com to get started!

opex.com // info@opex.com

mailto:info%40opex.com?subject=
opex.com
http://opex.com
mailto:info%40opex.com?subject=WA%20Service%20Ebook
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NEXT GENERATION AUTOMATION
We engineer unique automated solutions to address complex business challenges. Our scalable 
Warehouse and Document & Mail Automation solutions drive efficiencies in infrastructure. Our family-
owned company has over 1,500 committed employees who work together to innovate, manufacture, 
install, and service products that are helping transform industries every day. We listen to our customers 
and work together to reimagine the future through automated solutions.

http://opex.com
mailto:info%40opex.com?subject=

