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ABSTRACT
Improving the efficiency within a distribution center by reducing waste and
optimizing process flow can result in significant cost savings regarding distribution
center operation. One area with a large potential for improvement is outbound order
packaging. Shipping costs are calculated based on package weight or volume, whichever
results in a higher cost. With a finite number of box sizes stocked and available in the
distribution center to package orders, some orders will inevitably be shipped in a box that
is larger than needed to accommodate the SKUs inside. However, if a custom sized box
could be made for every order, then the average box volume per order, and in turn the
shipping cost, is reduced. This thesis details an integration plan and impact analysis for
adding custom box-making technology to a current packing process flow. It compares the
cost, sustainability, and throughput benefits to other solutions such as introducing padded
envelopes as a packing option or creating algorithms to assist packers in choosing the
most economical stock box while packaging an order.
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Chapter 1: INTRODUCTION
1.1 PROBLEM STATEMENT
Often times, outbound orders are shipped from distribution centers in boxes that
are much larger than necessary, resulting in waste. This waste takes the form of increased
shipping costs, more packaging material used to secure the product, and more physical
space necessary for storage. Shipping orders boxes that are smaller but can still
accommodate the order lowers costs and increases sustainability for the distribution
center.

1.2 MOTIVATION
Having relocated to a new warehouse 2 years ago, the Waters Global Distribution
Center (GDC) is prime with opportunity to improve their operations and reduce costs.
Many of their current operations are done manually, from using printed order sheets
while picking orders onto carts to scanning and packing each order by hand at packaging
stations. Providing ways to automate these processes, or to introduce waste reducing
technology in their packaging stations, aligns with the company’s business values of
improved cost initiatives, digitization, and delivering benefit to the customer.
Meanwhile, the GDC is still a fully operational distribution center that requires
full efforts to keep up with order fulfillment on a daily basis. Therefore, while
researching project ideas, the team focused on practical strategies that could be
implemented quickly and easily within the GDC as to not cause major disruptions to
normal operations.

1.3 OBJECTIVE
The goal of the MIT team is to provide benefit to the Waters Corporation by
reducing costs, particularly on the packaging side within the GDC. This involves
identifying areas of improvement and quantifying cost savings, then providing the
necessary analysis and roadmap to guide the implementation of presented solutions. By
the end of the program, the team will have proposed several projects with detailed
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financial and integration analysis and a breakdown of the theoretical impact each project
would have on GDC operations. Due to the limited time available for the program, the
actual implementation of these projects will not be carried out by the students during the
summer. The decision of whether or not to proceed with the projects and the resulting
follow through within the company will be left to the Waters Corporation.

1.4 SCOPE DIVISION
The projects the team selected to pursue are divided into three categories based on
their time and resources necessary to implement. Short term, medium term, and long term
projects were looked into and developed. To allocate efforts, each of the three MIT team
members focused on one project category. This was done in order to give Waters a
variety of options for solutions depending on how much bandwidth they had at a
particular time to execute the projects. All of the projects have varying returns on
investments (ROI’s) and levels of required commitment, but each aims to reduce costs
and waste within the GDC’s packaging operations.

1.4.1 Short Term
The short term project is intended to be an immediate, simple solution to
implement with little to no disruption to current GDC operations. This solution took the
form of introducing padded envelopes and an optimized mix of stock boxes available to
be used by packers. Currently, the pack stations offer 14 different box sizes to ship orders
in, and there is no option to ship small items in envelopes. It would be a quick fix
involving minimal effort to add envelopes to the current mix. Chapter 6 of this thesis
explores the savings and limitations of this solution in greater detail.

1.4.2 Medium Term
The medium term project involves a program that uses a database of dimensional
data for each SKU in an order and tells the packer which box size or envelope to use
while packaging a given order. This ensures that the selected packaging is the most
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optimal and results in the least amount of void within the box, minimizing the amount of
air shipped. This solution requires more involvement on the software integration side.
The standard operating procedures (SOP’s) will also need to be updated to accommodate
the use of the program, although this change is minimal for the packer. More on this
solution is discussed in Chapter 6 of the thesis.

1.4.3 Long Term
The long term project and the focus of this thesis is the integration of a custom
box maker that will create individual boxes on demand that are correctly sized for every
order to minimize the amount of air shipped in each box. This solution involves more
in-depth analysis to predict the financial and operational impacts on the GDC, and
requires a significant amount of procedural changes within the packing process flow of
the warehouse. Whereas the other projects can be implemented almost immediately, this
project requires changes to the physical layout of the packing area and an integration time
on the order of months to fully integrate. However, this project provides good potential
for improvements in environmental sustainability, overall order throughput, and cost
savings within the GDC.

1.5 MIT TEAM
The 2019 MIT team working on the GDC optimization projects consists of three
student team members: Jessica Harsono, Dehui Yu and Bowen Zeng. All three students
have a Bachelors of Science in Mechanical Engineering from previous universities and
are pursuing a Masters of Engineering in Advanced Manufacturing and Design at MIT.
They are advised by Dr. Steven Graves, a Professor of Operations Management at the
MIT Sloan School of Management with a joint appointment in the Department of
Mechanical Engineering.
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1.6 THESIS STRUCTURE
The remainder of this thesis first introduces the Waters Corporation and GDC.
Then, the problem statement is further developed along with an overview of the elements
involved in the packing optimization projects presented by the MIT students. The next
sections go over the work done to establish the current state of procedures used at the
GDC and the datasets and assumptions used for analysis. After the baseline is
established, the integration of an automated box maker is discussed, along with other
interim solutions that can be quickly implemented to reduce costs in the meantime.
Lastly, the results and findings are concluded and final recommendations are presented.
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Chapter 2: BACKGROUND
The Waters Corporation is the sponsor and host company for this thesis project
and is the subject of the research conducted. This section provides background on the
Waters Corporation as a business and breaks down the functions within their Global
Distribution Center (GDC). The history of MIT’s collaboration with Waters and relevant
past thesis projects are briefly discussed to provide context and scope for this thesis.

2.1 WATERS CORPORATION
Waters Corporation is the world's leading specialty measurement company
focused on improving human health and well being through the application of advanced
analytical science technologies. Founded by Jim Waters in 1958, Waters serves life
sciences, food sciences, and materials sciences through a connected portfolio of
chromatography,

mass spectrometry,

and thermal

analysis

innovations. With

approximately 7,200 employees worldwide, Waters operates directly in 31 countries,
including 15 manufacturing facilities, 3 distribution centers, with products available in
more than 100 countries. The company’s main headquarters is located in Milford,
Massachusetts, U.S.A [1].
Waters’ products include high-performance liquid chromatography (HPLC),
ultra-performance liquid chromatography (UPLC) and mass spectrometry (MS)
technology systems and support products. In addition, the company also provides thermal
analysis, rheometry and calorimetry instruments, as well as other software-based products
[2].
Waters is a publicly-traded company listed on the New York Stock Exchange.
The market cap was 13.99 billion USD on August 2nd, 2019. For the 2018 financial year,
Waters had 2.4 billion USD revenue and 599 million USD free cash flow. Of the 2018
sales, 38% came from Asia (18% from China and 7% from Japan), 35% from America
(28% from the US), and 27% from Europe. From the end market perspective, 56% of the
revenue was from the pharmaceutical industry, 19% from material sciences and 15%
from the food and environment market [3].
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2.2 WATERS/MIT COLLABORATION & PAST MIT PROJECTS
Waters and the MIT Master of Engineering in Advanced Manufacturing and
Design program have collaborated annually since 2013 on a range of projects in areas
such as product design, R&D, manufacturing process control, operations improvement,
and supply chain. Every academic year, a team of MIT student researchers from the
program address projects from various departments at Waters to realize current strategic
goals and provide new perspectives for the future of the company. Past projects have
resulted in patent-worthy scientific applications and have helped bring fresh innovative
ideas into the history of scientific development existing at Waters. Having an outsider’s
opinion helps them to gain fresh viewpoints on their challenges. In addition to the student
team, a faculty advisor offers subject matter expertise to guide the students’ work. At the
same time, the students develop contextual thinking by getting a holistic view of the
business and gaining tangible industry experience.
Although the Waters/MIT collaboration has existed since 2013, this thesis marks
the second year that projects have been carried out at Waters’ new Global Distribution
Center (GDC) located at Franklin, MA. This new warehouse is larger and can support
more capacity than the previous warehouse located at Waters’ headquarters in Milford,
MA. In 2018, the previous MIT student team led an exploration phase characterizing the
new GDC and proposing various improvement pathways for project categories including
optimization, digitization, automation, and standardization. The two main projects they
ultimately pursued were radio frequency identification (RFID) for products within GDC
and the creation of a heat map suggesting how to allocate SKUs storage locations within
GDC in order to strategically ensure that the fastest moving products were the most easily
accessible to workers [4]. These projects focused primarily on the picking side of
warehouse operations, while this year’s projects focus more on the operations associated
with packing orders. The definitions of picking and packing are elaborated later in this
chapter.
The projects chosen by the MIT students during any particular year typically align
with the state of the company and in areas where immediate short-term to mid-term
returns are desired. This keeps the projects relevant to students’ academic field and
ensures that the necessary resources are readily available to realistically carry out tasks
and provide the most value to the company.
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2.3 WATERS GLOBAL DISTRIBUTION CENTER (GDC)
The Global Distribution Center (GDC), where this thesis was conducted, is one of
Waters’ three distribution centers. The corporation operates two other distribution centers
internationally: the European Distribution Center (EDC) in the Netherlands and the Asian
Distribution Center (ADC) in Singapore. GDC is the largest among them and is the only
distribution center in the United States. In addition, GDC functions more
comprehensively compared with the other two as it ships both to the other two
distribution centers as well as to customers globally. GDC is a 15-minute driving distance
from the global headquarters of Waters in Milford, MA, where the original GDC was
located. With this relocation in October 2017, GDC was scaled up to a
56,000-square-foot modern facility with various types of storage to match the pace of the
company’s growth. As of August 2019, GDC maintains over 14,000 distinct SKUs in
over 20,000 separate storage locations consisting of 97% of the warehouse’s designed
capacity (based on the current layout). The corporation projects a compound annual
growth of 6% in terms of outbound flows in the next five years, and such a fast growth
rate has already started to impose both storage capacity and operation challenges to GDC
[5].

2.3.1 Warehouse Functions
GDC functions as a warehouse to store all of Waters’ current inventory within the
United States. SKUs are received from vendors and production locations and are used to
restock the active SKUs in their current storage locations or are placed in any available
space if the designated locations are full. Occasionally, new products will be procured
and must also be stored. GDC must store enough safety inventory to provide a high level
of service to customers and keep the order lead time low. All of the storage locations are
labeled using a chronological numbering system that spans the entire length of the
warehouse and lets pickers know the location of an item on their order list.
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Figure 1. Inventory overflow during end of quarter
GDC also serves to distribute products to customers and fulfill orders both
domestically and internationally. Customers are typically laboratories, engineers,
scientists, and smaller distributors. Products in GDC are also distributed to the other two
distribution centers (ADC and EDC) depending on the inventory levels and current
needs. Domestic orders are typically smaller and more common, with only a few large
freight orders that need to be shipped on pallets, while international orders are almost
always large freight orders. Orders are almost always picked, packed, and shipped on the
same day that the orders are placed. Orders are shipped via a variety of methods such as
air or ground with multiple carriers such as FedEx and UPS, depending on the request of
the customer.

2.3.2 Warehouse Layout
The GDC floor plan is shown in Figure 2. Below are descriptions of relevant
areas within GDC:
Office/Cafeteria
The GDC manager, leads, supervisors, and other employees have offices at the
front of the building. There are cubicles for computer and desk work and a conference
room to hold meetings.
Page | 20

Inbound Receiving Dock
All arriving products enter GDC through the inbound receiving dock where they
are unloaded off trucks. The items are transported on pallets or in carts and are scanned
and digitally documented by receivers before being placed within GDC.
High Bay Storage
High bay storage is used for large items such as instruments, machines, and
pallets of products. They span multiple stories high and require a forklift to access some
of the topmost SKUs. The high bay area is the storage space furthest from the pack
stations and requires the most walking to get to by the pickers.
Shelving and Cabinet Storage
The lower shelving and cabinet storage is used for smaller SKUs such as columns,
spare parts, and literature/software. These locations do not require a forklift to access and
are closer to the pack stations.
Cold Storage
The cold storage area holds all of the products that require freezing or
refrigeration. It also holds the necessary equipment needed to properly package these
products for shipping.
Hazardous Materials Storage
The hazardous materials storage area holds items that require special caution,
such as chemical or flammable substances. Most of these products also have an
expiration date and must be monitored for quality. The area can be isolated from the rest
of the distribution center in case of fire or flood.
International Pack Station
The international pack station deals with all orders being shipped outside the
United States. There is more floor space to accommodate the large shipping containers
and pallets used for freight orders and no conveyor belt since there are fewer shipments.
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Domestic Pack Station
The domestic pack station sees greater package throughput and takes care of all
orders shipped within the United States. These packages are smaller and can fit on a
gravity conveyor, which is shared between the pack benches. Orders are packaged at the
benches and sent down the conveyor for shipping.
Outbound Loading Dock
Once orders are packaged and ready for shipment, they are sent to the outbound
loading dock either by cart or by forklift/pallet jack. Trucks of multiple delivery carriers
come at specified times of the day to pick up packages for shipment.
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Figure 2. GDC Warehouse Floor Plan (to scale)
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2.3.3 Worker Roles (picker, packer, management, etc.)
The GDC employs around 20-30 full-time workers at any given time, with some
temporary employees hired during busy seasons such as the EOQ or for special projects.
Workers at GDC have various roles as following:
Distribution Operations Supervisor: Responsible for managing the operations of GDC
and making sure all the procedures are implemented effectively.
Inventory Control Specialist: Responsible for conducting daily reporting and making
inventory adjustments and removing any product from the warehouse that has been
identified as reaching the minimum remaining shelf life.
Section Lead: R
 esponsible for supervising all processes within the specific section and
providing necessary instructions/support for material handlers, such as order dropping
and work assignment.
Material handler: R
 esponsible for the actual material handling processes ranging from
receiving, picking, packaging to shipping. The workers are cross-trained but a material

handler will only perform one duty based on the work assignment within a specific time
period to avoid mistake propagation. The specific handling activities are as follows:
Receiving: Worker unloads incoming pallets of product from trucks into GDC via
the receiving dock and scans items into SAP to verify their delivery. They take
the product and store it in available locations within GDC.
Picking: Worker receives printed copies of orders from the section lead detailing

which SKUs to retrieve from GDC storage. They walk with a cart and can fulfill
multiple orders for every trip to and from the packing stations. Occasionally,
certified forklift drivers are necessary to retrieve SKUs stored in the high bay
area.
Packing: Worker stands at a packing bench stocked with all of the necessary
materials to pack an order. They receive a cart full of picked orders and begin

processing them one by one. They scan/verify each item of the order into SAP,
select and assemble a stock sized cardboard box, place the order into the box, add
plastic pillows as void fill, seal it with packing tape, and print and stick the
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delivery label for the order onto the box. They place the completed box on a
conveyor, where packaged orders accumulate.
Shipping: W
 orker stands at a bench with a weight scale and computer with a

special shipping program located at the end of the packing area. They take all of
the packaged orders and scan the delivery label, weigh the order, and print out the
appropriate shipping label. If there are missing fields in an order’s shipping
information or any incorrect information, then the worker has to correct it before
completing the shipping label for that order. Once the shipping label is placed on
the package, it is fully ready to be sent to the outbound loading dock where it will
be picked up by a truck.

2.3.4 SAP and Warehouse Management System
SAP, which stands for “systems, applications, and products in data process”, is a
German multinational software corporation that makes enterprise software to manage
business operations and customer relations. Its software shares the same name with the
company [6].
GDC widely uses SAP as a warehouse management system (WMS) to link the
inbound and outbound activities:

1. Material receiving (inbound)
2. Order creation (outbound)
3. Order verification (outbound, packing station)
4. Internal shipping label generation (outbound, packing station)
5. Shipping label generation (outbound, shipping station)
6. Customer relation report generation and analytics (enterprise level)
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SAP links data among all above activities to ensure each SKU and each order are
traceable during operation. Using SAP as a WMS is to create a digital twin of all storage
locations. Because of the versatility of SAP, it often integrates with other software and
modules to fulfill special functions. For Waters’ GDC, SAP integrates with CMS
WorldLink to centrally manage domestic and international shipments by multiple
carriers.

2.3.5 Value Stream Mapping

Figure 3. High level value stream map of Waters GDC

Value stream mapping, also called “material and information flow mapping” at
Toyota, is a method of lean management that is used to analyze the current state of a
process and then to design an improved future state to reduce waste. A value stream
focuses on areas that add value to a product or service [7].
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In order to have a better understanding of GDC’s current practices, a value-stream
map was made by the team. Since the scope of this project is within the shipping
operations of GDC, the manufacturing and inbound processes were not included. The
components of the GDC outbound operations value stream mapping are presented as
follows and shown in Figure 3:

Information flow:
After customers (either external or internal) place orders, the order information will be
transferred to Waters’ sales department, and then to the Enterprise Resource Planning
(ERP) system and WMS hosted by SAP. The domestic lead at GDC then will drop the
deliveries from the server and print out hardcopy picking lists for the orders.

Material flow:
The picker will grab one cart and pick the corresponding products from different storage
locations based on the assigned picking lists from the domestic lead. After all the items
are picked, the picker will push the cart to a packing station. The packer will then verify
the products via WMS and pack them accordingly. The packed boxes will be put on the
conveyor belt and moved to the shipping station. A material handler will weigh the
packed boxes and print out the actual shipping label and sort them into different bins for
couriers to collect.

Personnel:
For normal operation, on average there are two pickers and two packers working together
for domestic deliveries, and there is one worker that handles the shipping process.
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Chapter 3: GDC PROBLEM STATEMENT AND CURRENT
PACKING PROCEDURES
Improving the efficiency within a distribution center by reducing waste and
optimizing process flow can result in significant operating cost savings. One area with a
large potential for improvement is outbound order packaging. The team explored and
developed potential solutions to reduce the box volume per order and in turn reduce
shipping costs. This involved introducing new packaging options such as padded
envelopes, creating algorithms to assist packers in choosing the most economical stock
box while packaging an order, and creating an integration plan for adding custom
box-making technology to the current packing process flow.

3.1 COMPANY GOALS
We describe here three company goals as they relate to the operation of the GDC.
Reduce freight cost: Waters spends more than 10 million USD on logistics every year.
Therefore, even a small percentage of improvement will yield a large amount of savings.
With a finite number of box sizes stocked and available in the distribution center to
package orders, some orders will inevitably be shipped in a box that is larger than needed
to accommodate the SKUs inside. This unnecessary extra volume means that some of the
cost is used to pay for shipping the air within the box—a cost that can be eliminated or
reduced if orders were able to be packaged in smaller boxes.

Increase GDC capacity and throughput: GDC is currently operating at 97% storage

space capacity, and the rental contract for the facility will not terminate until 2027. There
is limited space to conduct any further expansion work. Therefore, Waters is keen on
finding methods to accommodate for future growth, which is projected to be 6%
annually, by more efficiently utilizing GDC resources. In addition, during every EOQ,
there is a sharp demand surge, a situation that requires GDC to hire additional contract
operators to yield matching throughput. Hence, Waters also aims to improve the
efficiency of GDC operations and internal logistics.
Typically, if fast-moving products that are commonly ordered by customers can
be placed closer to the pack stations, then the pickers do not have to walk as far to
retrieve them. The heat map project from the previous year optimized the locations of the
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SKUs to minimize the walking time of pickers. However, the labor hours required to
re-arrange the entire warehouse have not yet been put in and the proposed layout has not
yet been implemented
Sustainability: Sustainability, defined by the United Nations as “development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs” is also an emphasis of Waters Corporation. Waters’ sustainability
efforts focus on six areas: customer collaboration, innovative solutions, value chain
management, environment and safety responsibility, community engagement and
employment. For this project, the applicable sustainability impact will be mainly on the
environment, and the specific target is to reduce box sizes for packing orders. Smaller
boxes yields two sustainability benefits. One is to reduce corrugated cardboard usage; the
second is to reduce the shipping volume, which can then decrease CO2 emission.

3.2 IMPACT ON WATERS
The impact that any of these projects has on the Waters Corporation will affect
overall warehouse operations and involves various stakeholders. The results of any
changes made will be felt by the packers on the warehouse floor, the GDC team leads and
management, and the Waters corporate management. It is important to ensure that all
stakeholders are aligned and on board with any decisions because their support is crucial
to the success of a given project.

3.2.1 Opportunities
Because the majority of domestic orders are currently shipped by volume and not
by weight, it means that most orders could be shipped at a lower cost if the box volume
were reduced and less empty air was shipped. Not only is there a large opportunity to
save on shipping costs, but smaller packages means that less volume on trucks is required
to ship the orders, and less material is used for the boxes themselves. There are
environmental benefits to using less material and resources, which aligns with the
sustainability goals of the company. In addition, if adjusting the process flows and
procedures increases the throughput of the packing line, there would be less required
overtime for the workers and the GDC would be able to support future growth. At
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minimum, the analysis and research done for this project will give a better understanding
of the costs and flow within the GDC, and this information will be useful for everyone
involved in decision making.

3.2.2 Risks
The biggest risk to introducing new processes and changing the status quo is that
the packers are required to overcome a learning curve in adopting the new standard
operating procedures and technologies. The larger the change, the greater chance for
disruption. Since the GDC operates continually and cannot afford to stop operations for a
large amount of time to troubleshoot or go through long training sessions, it could
encounter losses if the transition to new methods is not smooth. While introducing
envelopes as an option to packers requires little change and therefore has virtually no
risk, integrating a box maker into the current packing line involves huge changes to
process flow, physical layout, and worker allocation. The GDC is already nearing
capacity and many packers work overtime to complete all the orders, so slowing down
the current order throughput is not an option.

3.3 PRELIMINARY RESEARCH
This section details the research done to establish the current state of the GDC
operating procedures, shipping costs, and throughput for domestic orders. Findings are
based on data collection, historical records, and site observation. The purpose of these
exercises was to have a baseline with which to compare the theoretical savings from any
proposed changes.

3.3.1 Current Standard Operating Procedures
At GDC, finished goods are packaged in a manner that conforms to customer
requirements and corporate goals: minimizing possible transport damage, being
cost-effective, providing accurate processing of all customer orders, while maintaining
efficient inventory control.
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GDC ships both domestic and international orders, with international shipments
accounting for less than 10% of GDC outbound shipments. International orders are
typically pooled by location and sent out in large batches using pallet-sized “D” and “E”
containers. The packers already have an efficient way to trim the top of these containers
and minimize their total volume. More opportunity lies in the domestic shipments, due to
the greater number of orders and the room for process improvement. Therefore, the scope
of this thesis was narrowed down to domestic outbound operations.

The relevant Standard Operating Procedures (SOPs) for domestic order packing are
summarized as follows. These operations are performed by an individual packer working
at a pack bench:
1. Deliveries which have been picked are placed on carts or pallets are staged at the
domestic packing stations.
2. Read shipper header notes.
3. Log on to the Catamaran Barcode server at the pack benches.
4. Scan bar coded transfer order number.
5. Verify the part number of materials picked by scanning the part number bar coded
label.
6. Verify that the physical quantity matches the quantity in the “Quantity Shipped”
column.
7. If during the packing process a picking error is discovered, stop the process and
fill out a “Picking Discrepancy” form and bring it along with any incorrect
product to the Inventory Control Specialist.
8. Perform a visual inspection on all products being packaged, looking for damage
including packaging damage and/or dirt and dust on the product.
9. Scan Serial numbers.
10. Scan lot/batch numbers.
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11. When all items on the transfer order have been scanned, the barcode system
screen will prompt the user to enter the number of delivery labels needed for the
shipment. Place the label(s) on each package
12. Finished goods will be overpacked by selecting a shipping box that allows enough
space on all sides. Packing material (air pads) is then added to fill up voids and to
protect the product during shipping. Given the available box sizes, every effort is
made to minimize the overall size of the package, which minimizes freight costs
and the use of shipping supplies. The primary objective of ensuring adequate
protection of the finished goods will not, however, be compromised. Larger
products that are pre-packaged in suitable shipping boxes, usually instruments and
products that will not fit inside one of the standard shipping boxes, do not need to
be over packed. Certain products are marked on the product label as “Direct
Shipment-Overpack Not Required”. These products can be shipped as packaged.
13. Place relevant stickers and labels onto the package (“Delicate Instrument,”
“Glass,” “Freeze upon arrival,” “Heavy,” etc.)
14. Once orders are packed, place air shipments on the gravity conveyor and ground
shipments back on the cart.
After the orders are packed and a queue of orders builds up on the gravity
conveyor and carts, a separate worker goes to the shipping station located at the end of
the conveyor and weighs then re-scans the delivery label on each package in order to
generate a shipping label for the order. The worker places the shipping label onto the
package, and only then is the order ready to be picked up by truck to be delivered. Trucks
come at scheduled times throughout the day to pick up the orders.
Occasionally, an order will have SKUs that require special procedures, such as
hazardous material, cold chain, multi-box, or freight orders. These make up a small
percentage of all orders, but they do exist and must be accounted for. Only a packer that
is trained to handle the hazardous material and cold chain orders is able to pack them, and
only certain types of boxes are approved for use with these items. If a packer has the
training, they will pack the orders themselves, but if they do not, the orders are redirected
to another pack bench until someone who is trained is able to come and pack them. For
multi-box and freight orders, any packer can do the packing. There is a note on the
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printed order sheet if an order needs to be packed in multiple boxes. Freight orders are
similar to regular orders but have many more line items and therefore are shipped out in
large containers on pallets.

Figure 4. Traditional GDC scan and pack bench
Each pack bench is equipped with all the necessary tools for the packer to do their
job. The cart of picked orders sits beside the pack bench, and the packer takes the orders
one at a time to be packaged. There is table space to set the order, and a handheld scanner
used to scan each item. The computer screen that the packers use to access SAP is located
at eye level above the bench. A label maker prints out the delivery label for the order
once it is scanned. All of the available stock-size boxes are stored around the pack bench
and ready to be assembled. A packing-tape dispenser is located on the bench and can
dispense and cut pre-set lengths of tape to seal the boxes. An array of stickers and labels
are available, and a large roll of air pads sits to the side of the bench to be used as void

Page | 33

fill. All of the equipment is set up in order to minimize the walking steps required by the
packer as they go through the orders, allowing them to stay within a 10-foot radius of the
bench.

Figure 5. Conveyor holding air shipments before shipping labels are generated

Figure 6. Cart of picked orders arriving at pack station to be packaged
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Currently, GDC uses 15 standard-size stock boxes. The detailed names and
dimensions are shown in Table 1. For domestic and Canadian shipments, only the first 12
box selections are in use, while the FED Box, D-container and E-container are used for
international shipments only. In addition, the FedEx Small, Medium and Large boxes can
only be used for FedEx express service [8]. GDC is able to obtain an unlimited number of
free FedEx boxes to use for outbound shipments as part of a contract they have with
FedEx.
Table 1. Standard-size stock boxes available at GDC for packing
Outside Dims (in)

Box Size
L

W

H

J12

11

8

5

J14

13

10

6

J18

18

14

8

J22

20

16

10

J64W

26

16

14

Square box

13

13

7

Small Column

16

6

6

Large Column

17

9

9

MD262020

26

20

20

SMALL FEDEX (FedEx Express only)

13

11

2

MEDIUM FEDEX (FedEx Express only)

14

12

3

LARGE FEDEX (FedEx Express only)

18

13

4

FED BOX (not for small pack)

40

20

26

D-CONTAINER (not for small pack)

50

43

61

E-CONTAINER (not for small pack)

47

32

31

As evidenced by the SOP, Waters does aim to find the optimal size box from this
set of boxes. However, the box selection process is purely based on the packer’s
experience and personal judgment. Therefore, the team proposes multi-dimensional
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solutions on hardware, software and management perspectives to systematically improve
the packing operations.

Figure 7. Free Fedex Packaging Options [source: FedEx]

3.3.2 Shipping Cost Calculation
The shipment charging method for GDC is summarized in this section. Waters
has many courier service providers, including FedEx, DHL, UPS, Horizon Air Services
and etc. Since FedEx shipped about 90% of GDC outbound shipments in 2018, this
shipping cost explanation is based on FedEx’s method, while other companies' methods
are similar.
FedEx rates are mainly based on the shipping zones. Shipping zones are
categorized based on the distance between the sender address and recipient address [9].
As Figure 8 shows, for each zone, the freight rates are decided by the service type,
packaging, and billable weight. The billable weight is either the actual weight or the
dimensional weight of the package, whichever is larger. The dimensional weight is
calculated as the package volume divided by a specific dimensional factor defined by the
annual contract between Waters and FedEx. Figure 8 is only an example of published
rates from one zone and are not the actual rates that Waters uses.
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Figure 8. Package rates for FedEx U.S. Express shipping [source: FedEx]
In addition, Waters Corporation has specific contractual discounts that apply to
the basic freight rates (excluding fuel, tax, special handling fees, and other miscellaneous
charges). Therefore, the net charge will be less than the published rates. A detailed
financial analysis of the GDC shipping costs is outlined in Yu’s thesis.

3.4 ESTABLISHING A BASELINE
3.4.1 Average Air Volume Per Shipment
As the ultimate goal of the team was to optimize package sizes to reduce cost and
improve sustainability, it was important to establish a baseline for the empirical packing
method adopted by GDC. In 2018, there were around 130,000 outbound shipments from
GDC, and 56% of them were charged-by-volume domestic FedEx shipments (including
Canada). Because a large number of orders was charged by volume, reducing their
package sizes would yield potential savings. To evaluate the current packing
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performance, a simple and effective metric was proposed, the average shipping air
percentage, A , which is defined as follows:
No

A = ∑ ai /N o × 100%
i=1

ni

ai = [v bi − ∑ q ik (lik wik hik )]/v bi
k=1

where N o is the total number of charged-by-volume domestic FedEx orders, ai is the
fraction of air in the ith order, v bi is ith order box volume, ni is number of SKU(s) in ith
order, q ik is quantity of kth SKU in ith order, and lik wik hik is the dimensions of the
minimum bounding rectangle (MBR) of kth SKU in ith order.
With the average shipping air percentage as a metric, the team could not only
understand the current packaging performance but also can now compare the metric
before and after a potential solution is applied to evaluate the effectiveness of the
solution.

3.4.2 Datasets
The team acquired all the necessary data to establish the baseline case from
Waters’ SAP. Three primary reports, SLD Veraction, Waters 99% of demand, and
GDC_0001, were downloaded and merged to create the master data sheet shown in
Figure 9.

Figure 9. Baseline data links
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SLD Veraction contains high-level order-level info such as order reference
number, billable weight, and its ship weight. It is worth mentioning that if an order’s ship
weight is equal to the billable weight, this order is charged by weight so reducing the
package size of this order will not affect its shipping cost. Therefore, the data used to
build the baseline were filtered to only include the orders whose billable weights do not
equal to their ship weights.
GDC_0001 contains detailed SKU information associated with each order,
including delivery (order) reference number, material (SKU) reference number and
targeted quantity of an SKU. If an order contains multiple SKUs, this order is listed as
multiple lines (rows) in GDC_0001 and the number of lines is equal to the number of
SKUs of this order. As shown in Figure 9, GDC_0001 is linked to SLD Veraction via the
same order reference numbers.
Waters 99% of demand datasheet is a detailed SKU information lookup table,
including data such as material (SKU) reference number, each order’s detailed MBR
dimensions and weight collected by an industrial cubic scanner (link). This database
covers over 10,000 SKUs, consisting of 99% of the actively demanded SKUs of Waters.
However, due to the early stage of warehouse digitization, the database is still not
comprehensive yet with around information for around 4,000 SKUs not logged along
with some partially missing/fault data associated with the logged SKUs. Therefore, to
establish an unbiased baseline, only orders with complete SKU data were included in the
baseline analysis. Waters 99% of demand is linked to GDC_0001 via the same SKU
reference numbers.

3.4.3 Key Assumptions
Due to the incomplete nature of the data, there are several key assumptions for the
baseline establishment:
1. Because SAP did not log the box dimensions associated with each order, the team
reconstructed volumes of box, v bi , from the billable weight in SLD Veraction
database. Because an order’s billable weight is equal to the order’s volume
divided by a contract dimensional factor, with known billable weights, the real
order volumes were estimated by multiplying the dim factor to the billable
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weights. However, such an order volume estimation may increase the average
shipping air percentage because FedEx rounds each bill volume to the next higher
integer, and thus instead of using the interior box volumes, the exterior box
volumes were used. Furthermore, as FedEx conducts order dimensioning for
Waters and transfers order billable weights back to SAP, the team assumed that
the dimensioning process of FedEx was fair and accurate.
2. The team assumed the data in Waters 99% demand were all accurate and well
maintained. However, due to the manual dimensioning process and the existence
of SKUs with irregular shapes, a certain percentage of the SKU dimensional and
weight data might be off or corrupted.
3. The team also assumed that all orders to be analyzed were overpacked with one or
more cartons. However, in reality, there is a small portion of orders that are
shipped in own containers (SIOC), such as Lenovo ThinkStation for liquid
chromatography equipment. Those orders’ packages cannot be further optimized,
but because the SKU info did not contain SIOC tags, the team had no mean to
exclude those false opportunities.

3.4.4 Opportunities for Improvement
There were 69,660 charged-by-volume FedEx domestic and Canada orders
incorporated in the baseline analysis. The average shipping air percentage is 66.7%, with
a standard deviation of 20.8%, lower and upper quantiles of 54.6% and 83.1%,
respectively. This result is consistent with the observations made by the MIT team while
visiting and observing the orders packaged at GDC.
To quantify the potential saving opportunity, several customized box maker
services were used to be a benchmark specifying the upper bound of the saving. Those
automated box machines can cut and fold the optimal fit corrugated box for each order
stacked in a rectangular form, therefore minimizing air content in packages. A leading
custom box maker company, Packsize, claimed that their service can reduce average
shipping air percentage down to 18-20%. If the orders of Waters are still shipped by
overpacking with corrugated cartons, then other less capital intensive optimal packaging
solutions, such as the software-based one, can generate a saving within this 40% window,
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which was regarded as a large saving opportunity that motivated the team and Waters’
stakeholders to pursue the optimal packing strategy project further.

3.5 MODELING GDC ORDER FLOW
In order to begin suggesting process improvements, the current order flow within
the domestic line of GDC was characterized using primarily two methods: data collection
and historical analysis. This information was used to better understand the daily behavior
of incoming orders as a function of time and to characterize any trends. In addition, a
more detailed time-study of each operation within the packing process was done to obtain
operation time estimates for use in developing new process flows.

3.5.1 GDC Capacity and Throughput
The first study carried out was based on 2018 GDC domestic order data. After
speaking to packers in the GDC who remarked that there would consistently be busier
periods of order flow during the day, around the same time of day, a simple analysis of
the data was done to quantify this. A spreadsheet with each domestic order number, time
of order, and date of order was used to visualize when orders were coming in throughout
the day.
In the first plot, every order from the 2018 data was plotted on a histogram in 30
minute intervals of a 24-hour day. From this, it is apparent that there are two distinct
peaks during the day where orders come in: around 12pm and 3pm. In addition, orders
are received by GDC from roughly 6am to 9pm, a range much wider than the standard 8
hour work day.
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Figure 10. Domestic orders placed throughout the day, cumulative over 2018 data

To ensure that this distribution was not only a result of adding all the orders
cumulatively, isolated days throughout the year were also plotted. An example is shown
for 6/29/2018, which is approximately the end of the second quarter when the GDC is at
its busiest. Even in isolated instances, the two-peak trend still stands. The bins in this
histogram are in intervals of one hour over a 24-hour day, so that each bar represents the
average order rate per hour. From this plot, the peak incoming order rate is around 72
orders per hour. Assuming that this is one of the busiest days of the year and the highest
rate the GDC will see, the throughput capacity of the domestic packing line must be able
to accommodate this rate if a backup of orders is to be prevented.
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Figure 11. Domestic orders placed throughout the day, end of 2nd quarter 2018

A second study was carried out to determine the breakdown of time it takes to
complete each step in the packing process. The delivery number, scan time, pack time,
shipping label, transition time, and idle time was recorded for 50 orders being packed on
the domestic line. Over the 50 orders, three separate packers were observed.

Table 2. Descriptions of the values recorded during the GDC visit on 6/27/2019

By separating the tasks, it is possible to see which part of the process takes the
most time and how efficient the process is. The data collected for each delivery number
was plotted onto a run chart. From this it can be seen that the time it takes to pack an
order is consistently greater than the time it takes to scan an order. On average, it takes 32
seconds to scan all the items in an order to verify them with SAP, and 60 seconds to
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package an order after it is scanned. The transition time between orders is around 8.5
seconds, and the time it takes to generate a shipping label for each package is 20 seconds.
From the run chart there are several notable outliers, where the time it took to
complete the step was much higher than average. For the packing time, the outliers
tended to occur when orders required multiple boxes, sometimes per the order
instructions or if a smaller, empty box had to be made to act as void fill within a larger
box. For the scanning time, outliers occured when a packer forgot to scan an item in the
order and had to go back to scan it, or if an item in the order was missing entirely and had
to be searched for.

Figure 12. Run chart of data collected during the GDC visit on 6/27/2019

Based on these recorded times, and assuming an overall efficiency of 85%, the
estimated throughput in orders per hour was calculated. The efficiency value of 85% is
based on the average transition time between orders multiplied by two, to include the idle
time that a worker spends refilling packing supplies, answering phone calls, or addressing
the needs of other workers. Adding the time to scan, pack, and generate a shipping label,
multiplying it by 0.85 efficiency, and reciprocating it will give order throughput in orders
per minute, shown in Table 3. Since each packer performs these tasks serially, and
packers can work at the same time at different pack benches in parallel, it is assumed that
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this rate will scale linearly, with slight but negligible differences due to skill level of the
packer.
With four available pack benches, the current setup can theoretically handle the
72 orders per hour peak rates that the GDC will see, but only if three packers are working
simultaneously. Occasionally this occurs, but packers often have to switch over to other
tasks, for example picking. Due to this, packers come and go as they are needed and
assigned by the domestic lead. There might be three packers for 15 minutes, then one
packer for the next half hour, then two packers for the next 15 minutes, etc, with an
average of two people packing at one time.

Table 3. Estimated order throughput of the current domestic packing line

3.5.2 Continuous Shift Schedule
Since the distribution of the orders dropped throughout the day is not a constant
value, pickers and packers must work from as early as 8am to as late as 8pm Monday thru
Friday, and sometimes Saturday, in order to fulfill all the orders for a given day. This is
because orders come in from customers across the United States, so the range of times in
which they place orders spans several time zones. Orders placed at the end of the
workday in California, 5pm PST for example, will show up in the GDC system at 8pm
EST due to the time difference.
A queue of orders often builds up in the morning, which the pickers and packers
arrive to when they first come in. Once they have finished catching up and processing
those orders, there is a slight lull midday, then the orders start coming in quickly again
around 3pm. From then on, they are keeping up with the incoming orders until the last
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orders are packed. A few workers come in early around 8am to start in the morning, and
more workers come at 9am and 10am. Most work 8 hour days, but about 3-5 workers
consistently work overtime, up to 12 hour days, in order to finish all the work that needs
to be done for the day. They are able to cover the entire distribution of orders per day, but
only with the overtime.
Due to the inability to control when orders come in, it is difficult to smooth out
the curve so that orders are consistent throughout the day. However, by introducing
technology to help packers process orders at a higher throughput, the need for overtime
may be reduced.
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Chapter 4: AUTOMATED BOX MAKER INTEGRATION
4.1 CAPABILITIES
This section defines the custom box maker and the benefits it can provide to GDC
with material savings, shipping cost savings, and increased throughput. It is based on the
Packsize IQ Fusion 2™ machine, which is the subject of the box maker analysis in the
GDC domestic packing line.

4.1.1 Custom Sized Box for Every Order
As its name implies, the key value an automated box maker adds to a packing line
is that it can create a custom sized box on demand that matches the form factor of the
order being packed. This results in less empty space within each box.
The box maker receives dimensional data of the order, whether pulled from an
existing SKU database, measured and inputted manually by a worker, or scanned
immediately prior using a dimensioning device. The box maker then cuts and folds a
custom sized box from a bale of corrugated material, which is fed in through the
machine. The bale has a fixed width, but a single setup can have two to three bales of
varying widths. The integrated program automatically calculates the configuration that
will result in the least amount of scrap and cuts accordingly. The box is dispensed onto an
outfeed table after being folded and scored. A worker must manually glue the box at its
vertical seam using a gluer from underneath the outfeed table.
Based on observation and case studies, the average time it takes the box maker to
dispense a box once it receives the dimensional data is 10-15 seconds. The glueing step
takes an additional 5-10 seconds. Machine downtime is rare but inevitable; according to
Packsize, 99% of technical issues can be solved within one hour over the phone, so there
is a low mean time to repair.
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Figure 13. Packsize custom box machine with outfeed table and gluer [source: Packsize]

Figure 14. Exact size box for order [source: Packsize]

4.1.2 Opportunities for Cost Savings
The Packsize solution provides cost savings in three main areas: corrugated cost,
void fill cost, and outbound shipping cost. By creating boxes that are just large enough to
package an order, the box maker saves the amount of corrugated material that would have
been used if a larger stock-size box were selected instead. Since there is less open space
within each box, little to no void fill is required to prevent an order from moving around
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and becoming damaged during shipping; so the cost spent on void fill material is also
reduced. Finally, because the volume of each package is reduced, the billable weight goes
down, reducing the cost for shipping.

Figure 15. Volumetric reduction after using custom made boxes to package the same
orders [source: Packsize]

4.2 PARTNERSHIP WITH PACKSIZE
Prior to the team’s involvement, Waters had been communicating with Packsize
about possible GDC projects for roughly one year. Before agreeing to discuss a
partnership with any company, Packsize runs their own preliminary analysis to determine
if a company has enough order throughput and the right operating conditions to be a good
fit for their custom box making solution. They determined that Waters met their criteria
and proceeded to run a full financial business case.

Page | 49

4.2.1 Packsize Business Model
For every potential customer, Packsize provides a team of solutions engineers and
sales managers who build a relationship with the customer and work to find a solution for
their unique set of needs. They visit the company site and take data to run a full business
analysis and determine the impact they can provide to the customer. According to their
current business model, Packsize provides their automated box making machines to the
customer for free, and charges for the amount of corrugated material used. Previously,
there was a minimum amount of corrugated material that the customer would have to buy
in order to keep their contract with Packsize. Recently however, Packsize has switched to
a subscription-based model, where there is no longer a minimum threshold for corrugated
use but instead a monthly fee of $2090 per month for their equipment and software
license.
The customer would integrate and keep the box maker inside their warehouse and
receive shipments of corrugated material 4-5 times throughout the year. Packsize will
make money by selling the corrugated material to the customer for $98.22 per thousand
sq. ft. Packsize provides customer support and a helpline in case a machine goes down
[10].

4.2.2 Packsize/Waters Analysis and Potential Savings
With support from the MIT team and Waters, Packsize focused their analysis on
the Waters GDC outbound domestic line and provided savings metrics from their
business case. The MIT team and Waters provided the datasets and assumptions
necessary for them to create the most accurate projections.
2018 GDC box data was used to provide a baseline, similar to the baseline
established in Chapter 3. The following assumptions were used:
1. Out of the 154,400 boxes used by GDC for domestic orders, 41,250 were
free Fedex boxes and therefore excluded from corrugated cost savings
2. The free Fedex boxes accounted for 19.82% of the total corrugated square
footage used
3. Min box size made by box maker: 9 x 6 x 2
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4. Max box size made by box maker: 30 x 21 x 21
5. Max order weight: 50 lbs
6. Used Waters contractual rates to calculate shipping costs
With support from the MIT team, Packsize performed several analyses on the
different areas of impact the box maker would have on GDC operations. The first was a
cubing analysis, which estimated the total volume that could be saved if a box maker was
used for every 2018 domestic order. Even assuming that a packer used the best
stock-sized box while packing each order, the box maker would still reduce the cubic
volume of the total number of cartons by 46% in comparison. This translates to an 84%
reduction in void space within the box and therefore eliminates that much void fill. In
addition, because the boxes are smaller, the amount of corrugated material used to make
them is reduced by 33%, which equates to 300,000 sq. ft. This value takes into account
the scrap generated by the automated box maker as it cuts out boxes from the bale of
corrugated material.
These values from the cubing analysis make sense given that the MIT team’s
preliminary research estimated that the 2018 domestic orders contained 66% air within
the packages. The Packsize box maker is able to reduce this air percentage by a
significant amount but not completely due to the irregular shape of orders and not being
able to make a box that eliminated all the void space.
The next analysis that Packsize conducted was a financial analysis. The main area
of anticipated savings is in the shipping costs. Because the majority of GDC domestic
orders shipped are charged by volume, reducing the form factor of each package using
custom boxes results in a large effect. The projected percent savings across all shipping
methods (ground, express, overnight, etc.) is 12%. Based on the current contracts Waters
has with their shipping companies, this translates to a $210,700 annual savings in
shipping costs alone. The 84% reduction in void filler material needed results in another
$25,200 saved annually based on the current $30,000 used on air pads in GDC. By
reducing the amount of corrugated material used, $9,800 can be saved per year, taking
into account the fact that GDC received free Fedex boxes in the current case. Recurring
costs to the Packsize solution include the cost of the corrugated material provided by
Packsize and the subscription fee for the equipment and software. These come out to
$6,500 for the material and $25,000 for the subscription fee annually. Subtracting these
costs, the savings that the Packsize solution can provide GDC comes out to $216,000 per
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year. For the first year savings, capital costs for additional hardware and initial
implementation costs from Packsize of $26,000 must be deducted for a final savings of
$190,000 for year one. These savings are based on 2018 data, and are representative of
the scenario if GDC had used a box maker for their domestic orders instead of the
available stock boxes.

4.2.3 Sustainability
Another inherent benefit that the box maker adds to Waters is that using less
material to package orders results in less waste. Sustainability is one of Waters’ corporate
values and their business direction actively looks for ways to promote sustainable
practices [11]. Waters customers also value sustainable packaging, so increasing
customer satisfaction is a factor in this project.
The 300,000 sq. ft. in saved corrugated material using the box maker is equivalent
to covering 5.2 football fields. In addition to the material saved, and because the box
maker is able to reduce the total volume of the packages, less space is taken up on the
trucks and other vehicles used to ship the packages. The volume saved based on the 2018
orders is approximately 10.8 truckloads of space. The annual savings in tons of CO2 from
the saved corrugated, eliminated void fill material, and reduced volume combined is
around 40 tons of CO2. This equates to the sustainability impact of saving 113 barrels of
oil.

4.4 GDC INTEGRATION
While Packsize provided the business case, the MIT team supported the
integration and process analysis of adding the box maker to GDC domestic packing
operations. This section discusses the practicality of the solution and additional
considerations such as floor space, process adjustments, and other hardware required if a
box maker were to be implemented in GDC.
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4.4.1 Challenges (floor space, costs, implementation, new SOP’s,
throughput)
Although the financial and sustainability motivations are present, there are several
challenges that must be overcome if a box maker is to be implemented within GDC. The
warehouse is already at 97% capacity, and floor space is not widely available. The box
maker has a relatively large footprint and would have to fit within the current domestic
packing area. Additionally, the integration of a box maker must be able to support the
peak order throughput, and possibly greater rates in order to accommodate for future
company growth. The new SOP that would need to be adopted would have to be simple
so that the GDC workers could quickly learn the new process and the outbound
operations would not be disturbed. Finally, the new solution would still have to be able to
accommodate special orders such as hazardous materials, cold chain, multi-box, and
freight orders in order to be a fully-functional and feasible replacement to the current
domestic process detailed in Chapter 3.

4.4.2 Box Maker Configurations
As suggested by Packsize, two box making machines can be used in GDC to
provide three options for corrugated bale width. Having bales of various widths will
minimize the amount of scrap material used when making custom boxes. The program
will choose which bale to cut from based on the size of the desired box. In addition,
having two machines introduces redundancy in case one of them fails or is temporarily
down. The monthly subscription fee to Packsize of $2090 is representative of two
machines. They can each be used individually without the other needing to be
operational.
There are several orientation options for the two machines. Two of them are
shown below with their respective dimensions. Both options have an outfeed table where
freshly made boxes are dispensed. Underneath the outfeed table is a gluer. The boxes are
dispensed cut and folded, and an operator must take the box and glue the final vertical
seam here to complete the process. This involves sliding the edge of the box into a slot
and having the gluer automatically apply glue and clamp the edges of the box together. In
addition, a computer and screen where the worker programs the machine, troubleshoots
any issues, or tells the machine when to create the box, is located beside the machines.
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The machines can be placed side by side as in the first diagram. This works well
for a cell-type operation where a worker is performing packing operations using
equipment all around them in an isolated space. Another option is for the machines to be
placed facing each other with the outfeed table between them, as in the second diagram.
This works better for the layout of GDC because the available space is long and narrow.
This gives the packer easy access to the outfeed table and gluer without blocking off any
space on one side. In either configuration, boxes made by the machine can accumulate on
the outfeed table until a worker comes to retrieve and glue them. The machine can begin
making the next box even as a packer is gluing and assembling a box for the current
order.

Figure 16. Side-by-side Packsize Fusion box maker and outfeed table setup with specs
[source: Packsize]

Figure 17. “Dueling Fusions” box maker setup with shared outfeed table [source:
Packsize]
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The machines require compressed air, power, and data connection. The gluer
requires power and compressed air. The specifications for these requirements are listed in
Figure 16. GDC already has a source for compressed air and power, however the full
installation for supplying these to the machines, along with installing the data connection
must be configured by the solutions engineers provided by Packsize and internal Waters
employees during the integration phase.

4.4.3 CubiScan Dimensionalizer
In order to obtain the dimensional measurements of each order, a CubiScan
device can be used. The model that GDC has acquired is the CubiScan 210-DS. This
model has a custom sized frame that can be built to fit around the existing conveyor belt
at GDC. An order is placed on a powered conveyor and rides through the machine, which
uses lasers to scan the order from all sides and collect the maximum length, width, and
height measurements for the entire order in the configuration in which it is placed on the
belt. A built-in scale collects the weight of the order [12]. The machine then sends the
data to the Packsize box maker, which creates a box with those dimensions.

Figure 18. CubiScan 210-DS dimensionalizer setup with powered conveyor
[source: CubiScan]

Page | 55

Ideally, the SKUs in the order would be arranged in an approximately rectangular
shape before it travels along the conveyor so that the resulting box fits well around it and
does not contain wide gaps of empty space. It is easier for the packer to arrange it on a
tray with no box walls constricting them to a predetermined form factor. In addition, most
SKUs are rectangular in shape and easily stacked. Any small SKUs within an order can
be collected into a larger plastic bag to prevent them from slipping or getting lost while
traveling through the CubiScan. The benefit to arranging the items on a tray instead of
inside a box is that there is no single optimal—b ecause the box maker makes the box
around the stack, an order consisting of four items can, for example, be arranged in a
two-by-two configuration, or a one-by-four configuration and both have a right-sized box
made around them. This allows the packer to have creative freedom and reduces the
amount of time spent thinking of how to fit the items into a stock size box. There may be
some arrangements that are better than others, especially with orders that contain
irregularly shaped SKUs or many different sized SKUs, however with practice and
experience, the packers will learn to arrange the items in the best way. The average
number of SKUs per order is 2, so the arrangements are not expected to be unreasonably
complicated.

Figure 19. Example of order items placed in rectangular stack on tray to be
dimensionalized by CubiScan, with small items secured in a larger bag
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The CubiScan also has a secondary benefit of being able to store dimensional data
of individual SKUs in a database that can be referenced later. Currently, around 10K
SKUs within the GDC have been dimensionalized from a previous project. There are still
several thousand more SKUs that have not yet been recorded. The benefit of having an up
to date and accurate database of all the SKUs is that the orders would not have to be
scanned right before making a box. Instead, the box maker can take the order
information, know what SKUs are in the order, then use the database dimensions as the
input to determine the right sized box. Packsize has the software capabilities to
accomplish this. However, this method requires a database with sufficient data to
complete all orders. If one SKU in the order is missing data, then the program would not
be able to know what size box to make until that data was collected. In addition, if the
data is in the database but not accurate, then the box maker could make a box that is the
wrong size for the order, which may result in the worker not being able to fit the items
into the box.
If the packing line relied only on the database, this could cause delays if workers
needed to stop from their normal procedures to take time to scan an order and make
another box. However, if the process flow had the CubiScan already built in, and the
normal procedure was to scan every order, then the database would not need to be relied
on. This setup would support consistent throughput and prevent blockage caused by
inaccurate data. The time it takes for an order to be scanned is around 5-15 seconds, and
the box created by the boxmaker is guaranteed to fit because it is dimensioned around
how the SKUs were oriented on the conveyor belt. There is no re-arranging of items
necessary when placing them into the box.
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4.4.4 Process Flow Analysis

Figure 20. Steps for processing an order using the box maker
If a box maker were to be implemented, the process flow would have to change.
First, the worker takes an order and scan each item into the system, then they place the
order in a rectangular stack to be put through the CubiScan. The CubiScan sends the
dimensional data to the box maker, which dispenses a custom box for the order. The
worker assembles the box and drops the items inside, creates and sticks the shipping label
along with any other relevant labels, and places the finished package on the conveyor to
be sent out for delivery. If this whole process was done by one worker serially, the
throughput of orders would slow down due to the extra steps. However, if two workers
operate in parallel with specialized tasks, the throughput will be increased. Worker 1
would perform all of the scanning steps and send the order through the CubiScan, and
Worker 2 would perform all of the packing steps, starting from pulling the custom box
out of the box maker. A breakdown of the tasks can be seen in figure x., which models
the line as a machine-buffer system. The operation time of each task is estimated based
on historical data and observations of tasks within GDC. The mean time to failure
(MTTF) for tasks involving workers is 120 minutes and the mean time to repair (MTTR)
is 15 minutes to account for break times throughout the day. The MTTF for the machines
is estimated to be 17280 minutes; that is, we assume that the machine breaks down once a
month, which is conservative. If a machine is down, the MTTR is one hour.
The buffer sizes are based on how orders come in on carts. Each cart full of orders
that arrives at the domestic pack area holds on average 7-10 orders. Multiple carts can
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arrive at the same time based on picking speed and number of orders being dropped
during that particular time of day. On average, there are 1-3 carts at the packing area at a
time, and therefore the buffer at the beginning of the line is 7-30 orders. The CubiScan
can scan one order at a time, and the next order can be loaded while another is being
scanned. A buffer of 10-15 orders is placed after the CubiScan to hold orders in case a
packer is not available or is packing slower than the rate of orders coming through the
scanner. This is based on how many orders can fit onto 16’ of conveyor space, roughly
the size of one conveyor belt at GDC. Once the order is packed, it is sorted onto a
conveyor based on shipping method; then it can finally be placed onto carts to await
pickup for delivery.
Based on this process flow, the throughput of the entire line is based on the
slowest step in the line. The scanning task and the packing task should require an
operation time as close to each other as possible so that their loads are balanced and
neither is individually a bottleneck. Based on a production rate of 1.3 orders per minute,
and assuming an efficiency of 0.85 to account for workers answering phone calls,
re-filling materials such as air pads or tape at their station, or handling other matters that
come up, the throughput of the box maker line if two workers are present is 68 orders per
hour. A full table of throughput values for both the box maker line and current method is
shown in Table 4. With two or more workers, the box maker line has a greater throughput
than the current method. This throughput assumes that the workers are fully dedicated to
their tasks, and that the machines are up and running.
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Figure 21. Process flow diagram of packing station box maker line. All time units in
minutes.
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Table 4. Projected order throughput comparison between current method and box maker
line, both assuming 85% efficiency

4.4.5 Additional Hardware and Floor Layout
Besides the Packsize box maker and the CubiScan dimensionalizer, additional
supporting hardware is needed to accommodate the new changes to the process flow and
floor layout. These hardware changes were kept to a minimum, with the goal being to
keep as much of the current layout as possible and make use of the existing hardware
such as gravity conveyors and pack benches in order to reduce implementation cost and
disruption.
In order for items to travel through the CubiScan and be dimensionalized, they
need to be placed on a powered conveyor. GDC currently only uses gravity roller
conveyors, so this would be an extra capital cost. A powered conveyor that is 2’ in width
and 16’ long, around the same dimensions as the current gravity roller conveyors, costs
anywhere from $2,000 to $3,000 dollars. Only one powered conveyor would be
necessary, with just enough length to travel through the CubiScan. The rest of the
conveyors can remain the existing roller conveyors.
In addition, the orders traveling through the CubiScan need to be placed on trays
so that none of the parts fall off during the process, and so the packer can easily take the
entire order off of the conveyor once it is done scanning while keeping the orientation of
the items intact. This way, the packer does not need to re-arrange the items a second time
while placing them into the custom box—they can simply slide the items into the box as
is. Since the orientation of the items on the tray is the orientation in which the items are
dimensionalized, the box will be made to these dimensions and for this orientation. The
trays would be kept before the CubiScan and there would be a bin to place them at the
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end of the conveyor once they were done being used for scanning. The trays can be made
from flat plastic sheets. The cost for 50 trays is $500 to $700.
GDC would need to stock a set of plastic bags at each scanning bench so that
small, slippery items that are traveling on the powered conveyor will not slide off or get
lost during the process. GDC stocks many small SKUs in cabinets, and as seen inFigure
23, these can be loose and slippery. Since quality control is so important to GDC
operations, preventative measures that will ensure the correct items are all present in each
order is a priority. Simply placing any small items together into one plastic bag that gets
placed in the box during packing and is shipped with the order will prevent any of them
from getting lost. The end customer also benefits because they can find all of the small
items easily within the package.

Figure 22. Powered conveyor (left) and flat plastic trays (right)

Figure 23. Small, loose SKUs in plastic bags
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The current layout of the domestic packing area within GDC is shown in Figure
24. There are four available benches where workers scan and pack orders, and a bench at
the end where the shipping labels are produced. A long gravity roller conveyor stretches
the length of the floor space, between the benches. Finished packages accumulate on the
conveyor belt if they are air shipments, or are placed back onto a cart if they are ground
shipments.
The proposed new layout of the domestic packing area can be seen in Figure 25.
All of the new equipment was arranged to fit into the current available space within
GDC. The differences include having two benches dedicated to scanning orders, placed
before the CubiScan, which is placed in-line with the main conveyor. The powered
conveyor would be placed through the CubiScan. There is a separate conveyor for ground
and air shipments that can be accessed near the pack bench. This pack bench is dedicated
to packing orders into boxes and is in proximity to the outfeed table of the box maker,
where custom boxes are dispensed. There are still two benches that are stocked with the
equipment to be able to scan, pack, and create shipping labels for orders that require
special steps, such as hazardous material, cold chain, and freight orders. As seen in
Figure 26, a shipping computer must be placed at every location where shipping labels
are generated. In addition, air bubbles are placed near the packing stations to be used for
void fill. The conveyor space acts as a buffer. There is a 10-15 order buffer after the
CubiScan that can hold orders until a packer is able to process them. This is equivalent to
1-2 carts full of orders, or 10-15 minutes of time, enough to accommodate a worker’s
break time or the time it takes to troubleshoot any problems. The conveyor can be
continuously moving or move in increments as orders are placed down for scanning, with
a hard stop at the end where the orders accumulate. Because orders can be stacked once
they are packaged, the buffer for the air and ground shipment conveyors is able to
accomodate 15-30 orders. The orders here are ready to be picked up by the shipping truck
because at this point they have a shipping label and are fully processed, so they can also
be offloaded onto carts or other storage devices to be moved onto the shipping trucks.
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Figure 24. Current GDC floor plan, to scale
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Figure 25. Proposed GDC floor plan with integrated boxmaker and CubiScan, to scale
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Figure 26. Proposed GDC layout with shipping computer and buffer locations
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4.4.6 Software
In addition to the hardware and process flows, new software must be integrated
into the system in order to have a fully functioning line. Several software interfaces exist:
the CubiScan scanning software, the interaction between the CubiScan data and the
Packsize box makers to transfer dimensional data, the Packsize box maker software, and
the GDC SAP. The Cubiscan and Packsize machine software is provided by the
respective companies. They provide support from solutions engineers to help install and
start the machines up. Packsize estimates no more than 40 hours of integration time
required from their solutions engineer before they are able to get the machines running.
IT support is needed from Waters as well to establish the communication from the
Packsize and Cubiscan software to the GDC SAP, so that dimensional data can be
collected and associated with each order.

4.4.7 SKUs Requiring Special Packaging
For orders requiring special packaging, two traditional pack benches will remain
stocked with the full setup of packing equipment so workers can scan, pack, and print
shipping labels all at one place without sending the order through the box maker line.
Orders that will be processed at these pack benches require the use of stock-size boxes
and include hazardous materials, cold chain, and large domestic freight orders. These
orders have comments on the packing slip that indicate if they fall into any of these
categories. They should be sorted out of the normal box maker line either by leaving
them on the cart and taking them to the traditional pack bench to be packed by a trained
worker, or having the domestic lead sort out the order slips for special orders ahead of
time so that they are all picked onto the same cart, which then has all of the orders
processed through the traditional pack bench.
With the traditional pack bench, the orders are packed by workers trained to
handle the type of order using a small inventory of stock-size boxes kept for this purpose.
In order to produce a shipping label for the order, a shipping computer must be located
between the stations since this step is no longer done by a separate person later in the
process. This diverting of special orders to be processed separately in a different way is
already standard for the current domestic line, as currently some workers are not trained
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to handle hazardous material or cold chain orders, so this procedure is not unreasonable
to keep for the box maker line.
Large freight orders that require shipment on pallets are not common for domestic
shipments, however they do exist, especially during the busy end of quarter periods.
These consist of many SKUs that need to be shipped in the same order, and that would be
too large for the box maker to accommodate. The traditional pack bench allows large
pallets of orders to be made beside them, and is what the packers currently use for freight
orders.
Additionally, if there is only one person packing at the time, the process flow
analysis suggests that using the current method instead of using the box maker produces
slightly greater throughput. The box size would not be optimized for the least amount of
air this way, but if the domestic lead determines that it is the best use of the single packer,
the option is open to use the traditional pack bench.
The traditional pack benches would require an inventory of standard stock boxes,
but at a fewer quantity than the current inventory. GDC could continue purchasing stock
boxes from their current supplier, or program the Packsize box makers to run overnight
or during off-peak hours to pre-make stock size boxes as needed to replenish the
inventory.

4.4.8 New Standard Operating Procedures
Itemized lists summarizing the breakdown of tasks for the box maker line are
shown below. The box maker line requires a minimum of one scanner and one pack to
run. If there are additional workers available and a greater throughput is desired, an
additional scanner, packer, or both can be added to the line.
An additional scanner would do the same tasks as Scanner 1, since there is
another scan bench available with the equipment necessary to do the task. These scanners
would work in parallel and double the throughput of scanned orders. Since there is only
one box maker, both packers cannot be doing the same tasks without the chance of
blockage occurring if one packer is waiting on another to finish using the box maker.
Therefore, if there are two packers working at once, the packing task is separated further
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into two jobs, with Packer 1 taking orders off the conveyor and packing them into the
boxes, while Packer 2 exclusively assembles the boxes that come out of the box maker
and builds a queue of boxes ready for Packer 1 to place orders into.

Figure 27. Procedures and task division for orders going through box maker (2 workers)

Figure 28. Task division for 3+ workers processing orders through box maker

Because almost every GDC worker is already cross trained and can perform both
scanning and packing tasks, the division of tasks should be simple to adopt and any
worker can individually scan or pack. There are slight differences to this process that the
packer would need to learn, such as placing the items in a rectangular stack before putting
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them through a CubiScan, or glueing the seams on the custom made boxes, however the
learning curve is minimal. New packers that have joined GDC in the past learn the
current process within weeks, and the time scale to learn these new processes is expected
to be similar.
Having the traditional pack bench still available helps in transitioning the process
over to the box maker solution. It provides a reliable method to fall back onto as the
workers learn to use the new equipment and adapt to the new SOPs. This allows GDC to
take greater risks in pushing the transition to fully integrate the new box maker in a
shorter amount of time. Especially since the GDC still has to keep up with daily order
flow as they are making the transition, having two people packing at the traditional pack
benches while others are learning how to use the box maker technology will allow them
to fulfill the orders. The timing of the integration should be planned for a time where
incoming order flow is slow, avoiding the busy end of quarter periods, so that the
throughput the domestic packing line is able to support is comfortably sufficient.
Alternatively, the workers could be trained on the box maker for a few hours each day
during the midday lull in incoming orders when the required order throughput is at its
lowest.
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Chapter 5: INTERIM SOLUTIONS
This section goes through the other two projects that were worked on during the
2019 MIT program. Both of the other projects have lower implementation difficulty and
can be carried out in a shorter time frame than the automated box maker. They can offer
quick cost savings as GDC works towards implementing a box maker solution.

Figure 29. Impact vs. difficulty of solutions considered for GDC packing optimization

5.1 OPTIMAL BOX SELECTION STRATEGY
The optimal box selection strategy uses historical data to make predictions on the
sizes of boxes GDC should keep in inventory and offers a tool that helps packers select
the best box for each order out of the stock sizes available. A full analysis on the optimal
box selection strategy, including the methods, assumptions, and implications of the
solution can be found in team member Bowen Zeng’s thesis [13].

5.1.1 Optimal Box Set
GDC currently has 12 stock-size boxes available for domestic packing, which the
packers manually choose from to select the best box to fit the order. However, the current
12 types of boxes they stock may not be the best mix of cartons to fit the kinds of items
that the GDC frequently ships out. Therefore, in a study done by Zeng, detailed further in
his thesis, historical data from the 2018 domestic orders was analyzed to find a new set of
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12 boxes that would fit better to the profiles of the orders sent out by GDC and reduce the
overall percentage of air within the packages.

Figure 30. Diagram of inputs used to determine set of 12 optimal box sizes
This study was carried out by considering a pool of over 1000 commercial box
options, which simulate as close to an infinite amount of choices while still making sure
the box size exists and is manufactured by a vendor. This database was compared to a
database of Waters 2018 order data, which included SKU weights, dimensions, and
quantities for each domestic order sent out in 2018. Then, by running his program, Zeng
was able to narrow down the 1000 box sizes to the set of 12 that would result in the least
amount of air if used for all the 2018 orders. This information is valuable to GDC and is
something that they can implement by simply changing the sizes of boxes they keep in
inventory. The program can also be run every year so that the set of boxes can
continually be updated using the most recent historical data.

5.1.3 Reduction in Average Air Volume per Shipment
By using this new set of 12 boxes, the percentage of empty volume within the
packages can be reduced by 21%. This translates to an annual freight savings of $73,000.
If 20 different sizes of boxes instead of 12 were available for the packer to use, the empty
volume can be reduced by 25%, since there is a higher chance of having a box that is a
better fit for the order. However, stocking more types of boxes makes it difficult for the

Page | 72

packer to manage, and it cannot be guaranteed that the packer will select the best-fitting
box for the order every time.

5.1.4 Box Selection Assistance
To ensure that the packer selects the best-fitting box to use for packing, Zeng
created a program that uses dimensional SKU data, chooses the best box size from the
available options, and visually outputs the result to tell packer which stock box to use.
This program relies on a database of the SKUs within the GDC that have been scanned
previously and have their dimensions recorded.
When the packer scans the order slip, each SKU in the order is known by the
program, which then takes the dimensions for each SKU and finds the best box that will
fit all the items in the order. Displaying this information to the packer eliminates the need
for them to manually select a box, reducing human error and speeding up the packing
process.

Figure 31. Schematic of packing process with box selection assistance for the packer

5.1.5 Potential Obstacles
Because the optimal box selection program relies heavily on pulling dimensional
information from the SKU database, potential obstacles arise if not all the data in the
system is accurate. If wrong or outdated dimensions are recorded in the database, the
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wrong box size will be suggested to the packer, and the items may not fit within the box.
Currently, Waters only has dimensional data for around 10,000 SKUs within GDC, and a
few thousand more are not yet dimensionalized. In addition, packaging is constantly
being changed and re-designed upstream of GDC, so if a SKU has new packaging
dimensions or if GDC starts stocking a new item, the items must be re-dimensionalized to
keep the database current. At times, both the old and new versions of packaging for a
particular SKU will be stocked at GDC at the same time, and there is no way of telling
the program which version is being packed in the order.
In addition, even if all of the dimensional SKU data for an order was accurate, if
the program recommends to the packer a box that is too good of a fit, the packer may
have trouble arranging all of the items into the box to achieve the orientation required to
fit in the box. The items may only fit if arranged in a certain way. Taking the time to find
that orientation may slow down the packing process.
These issues could result in the packer needing to take out all of the items and
re-package them into another box if the first one is not feasible. This adds a significant
amount of time and inconvenience, as the packer has to re-assemble another box for the
order.

5.2 INTRODUCTION OF SHIPPING ENVELOPES
GDC currently only uses boxes for their packing operations, and the introduction
of shipping envelopes has the potential to save costs for small orders that can fit within
them. It is a simple and easy to implement option that adds no additional charge because
FedEx provides shipping envelopes and padded paks to GDC for free per their contract.
A full financial impact analysis is detailed in team member Dehui Yu’s thesis [14].
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Figure 32. FedEx Padded Pak [Source: FedEx]

5.2.1 SKUs Able to Ship in Envelopes/Pak
The orders that are able to ship in an envelope or padded pak must be under 5.5
pounds, small in volume, and cannot include hazardous materials or cold chain items in
the order. For the financial analysis, 2018 GDC domestic data was used, and it was
assumed that any order under 280 cubic inches in volume and under 5.5 pounds could be
shipped in an envelope or padded pak. Based on these criteria, roughly 17% of orders
shipped in 2018 would have fit inside an envelope or pak, which could have been used
instead of the corrugated box they had been shipped in.

5.2.2 Financial Savings
The GDC is able to obtain envelopes from FedEx for free, so there would be no
cost to add this option. Furthermore, all orders shipped in envelopes are charged by
weight, which means there is no longer any extra charge for shipping empty volume. Yu
estimates that the cost savings from simply adding envelopes to the mix is around
$65,000 annually for US domestic and Canadian orders, which is just under 20% of their
current expenses.
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5.2.3 Limitations
Further work needs to be done to validate that all of the assumed orders can
actually be shipped using an envelope without being damaged during transportation.
Although most SKUs come in boxes and may not require overpacking in another box,
some SKUs contain glass or packaged in plastic bags and might be too fragile to ship in
an envelope. It is difficult to accurately determine what percentage of these items can or
cannot travel in envelopes without physically testing each one or relying on the packers
go through and use their judgement on whether to use a box or envelope while packaging.
Therefore, the cost savings is a high estimate of what the real savings will be. The data
required to determine the actual cost savings can be obtained over time as envelopes are
introduced and packers learn what can and cannot be put in envelopes through
experience.

5.3 INTEGRATION WITH CURRENT SOP’S
5.3.1 Minimal Changes to Current Operations
The benefits to both of these solutions are that they are relatively easy to
implement and can be introduced to GDC with little to no disruption to current
operations. Once it is verified that the shipments will not be damaged if envelopes are
used, and the packers know which SKUs can be safely shipped using envelopes and
which are too fragile, then the packing procedure is identical to the current process, but
with the option of using an envelope.
The optimal box selection strategy will require integration with the current
warehouse management system and database. IT support is necessary to install the new
program, but once it is installed, all the packer sees is a new pop-up on their screen
telling them which box to use for packing. There is minimal disruption to the actual
process of packing, although the initial IT integration may require significant support and
resources.
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Chapter 6: RESULTS AND DISCUSSION
6.1 RECOMMENDATIONS & CONCLUSIONS
The automated box maker is an ambitious and involved project that would
provide considerable benefit to GDC in the long run. These benefits would include cost
savings, increased sustainability, and increased throughput capacity for future growth.
However, because the implementation is more difficult, there are more risks involved,
including decreased throughput due to unforeseen issues in adopting the new technology
or not reducing costs as much as predicted.
The financial returns for the automated box maker is around $190,000 in year
one, including the initial capital and integration costs. Introducing envelopes and Paks as
a packaging option could save up to $65,000 yearly, with little to no investment cost. It is
important to note that the financial returns for the separate projects are cumulative. For
example, the optimized boxes solution will not add an additional $75,000 to the $65,000
saved by the envelope solution. Rather, if the envelope solution were already
implemented, the optimized boxes would add $10,000 to the savings for a total of
$75,000 between the two solutions.

Figure 33. Comparison of financial returns for GDC packing projects
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Each of the solutions provides sustainability benefits due to the reduction in
corrugated material usage and void fill. This sustainability benefit is most prominent in
the box maker solution because every custom box will actively use less corrugated than
the currently available stock size box.

Figure 34. Sustainability impacts of GDC packing projects, number of football fields that
could be covered with saved corrugate
The recommended road map for the projects going forward is to first introduce
envelopes/Paks to the GDC domestic line in a pilot test. This will allow for immediate
cost savings and build the packers’ experience in knowing which SKUs can and cannot
be shipped in envelopes/Paks. From there, two paths can be taken. One path is to
implement the optimal box selection strategy, which requires initial IT support but
relatively little change to packing SOPs. This would increase savings by an additional
$10,000 per year. The other path is to proceed with Packsize and implement the box
maker into the domestic packing line. This requires the most time and money invested,
but would result in an additional $124,000 savings per year for a total of $190,000 annual
savings. It would not make sense for the optimal box selection tool and the automated
box maker to both be implemented at the same time, because the former is based on stock
size boxes, which would have limited use once the majority of boxes were custom made
using the box maker. Therefore, the team recommends that GDC selects one of the two
solutions to invest in, depending on the corporate budget and resources available in future
quarters.
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Figure 35. Potential implementation pathways for GDC packing projects

6.2 GDC GROWTH & FUTURE WORK
Looking towards the future, company growth is also a consideration that will
affect the project decisions that Waters makes. Waters has an internal goal of 6% growth
every year, which means that GDC will need to keep up with an increased throughput of
orders. Since the warehouse is already at 97% capacity, and many workers are staying
overtime, GDC requires solutions that actively increase the throughput capabilities if they
want to avoid hiring more workers. Although all three solutions help with cost reduction
and sustainability in the packing process, the only solution that has significant potential to
increase throughput is the automated box maker solution because it redefines the process
flow in the domestic packing line. Any solution, regardless of whether it uses a box
maker or not, would need to add a time-saving element to the packing line or restructure
the line in order to increase throughput. This increased throughput should be a factor
considered when deciding which project to pursue, especially if the company outlook
spans years into the future and they want to set themselves up for future growth.
Another key and underlying consideration that Waters must take is building and
maintaining a robust database of all the SKUs within GDC. Fully reliable data would
open up GDC to many future projects and allow increased digitalization and automation.
It would support the smooth operation of the solutions proposed here. GDC has already
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purchased a CubiScan, and with this machine is able to collect data on all of the SKUs
with missing dimensional information. It is only a matter of bandwidth and allocating
time and resources to set up the CubiScan and maintain the data. The team recommends
that Waters invests in this endeavor as early as possible, as it would be beneficial to many
areas of the corporation as a whole.
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APPENDIX
Cubiscan and packsize machine technical specifications
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