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BUSINESS PROBLEM

RelaOyne, a major lubricant and fuel distributor with 8 U.S. A detailed fleet and demand analysis was

sites, faces challenges from its 450-truck fleet, diversified

o - _ conducted across key warehouses. Over 150
across 20+ types due to acquisitions. This mix burdens delivery . ) .
coordination and amplifies upkeep costs. Objective: Elevate hours were spent shadowing deliveries in

truck operation t amplify gallons/route and advise on truck diverse markets to understand the nuances.

selection to streamline fleet for economical dispatch and Direct interviews with drivers, dispatchers, and
service. With a $60 million 5-year investment plan, the project

warehouse teams provided frontline insights. A

must guide this capital to rejuvenate the fleet efficiently. : :
2 ? d 4 comprehensive cost evaluation was done based

on route and truck type. From these findings, an
optimization model for demand-truck route m

DATA SOURCES

Information was gathered on demand profiles (product volume

and revenue), delivery routes, truck specifications, ownership .f;r . :_’ e . ‘ ‘ - {
costs, uptime, drive/stop durations, maintenance and fuel | ‘ l: ' }

expenses, service types, and the previous year's financials. This

data, sourced from internal logs and financial statements,

Orders come  Billingteam Dispatcher Warehouse ~ Billing/

. . . . g Driver Billing team
provided a comprehensive view of RelaDyne's operations for the - (WHSE) batchingtean

optimization endeavor.
Data Types and Format

Data was primarily in Excel spreadsheets and Tableau, with route
tracking information sourced from the Samsara website.

Author: Alexander Adelabu 3



IMPACT

The optimization model transforms
RelaDyne's delivery planning. Instead
of manual truck selection, dispatchers
input data, and the model yields
efficient routes, optimizing costs and
time. It also minimizes the number of
times customers are visited per week.
This process bolsters the ‘gallons per
route' metric, indicating enhanced
delivery efficiency and promising cost
savings. The time studies on
deliveries have further influenced
truck feature choices particularly on
trucks that can deliver all of
RelaDyne's product types. By
understanding real-world delivery
challenges, there's a renewed
emphasis on trucks that maximize
driver safety, minimize wasteful
movements, and provide dispatch
flexibility. This model's insights are
also instrumental for future fleet

investments. With RelaDyne's planned

S60 million investment over five years,

the model offers a data-backed guide
on optimizing these funds, be itin new
truck acquisitions or feature
enhancements. In sum, this approach
not only delivers immediate
operational advantages but positions
RelaDyne for streamlined growth, with
informed decisions and amplified
efficiency across its extensive
network.

Rapid growth and fleet diversification at RelaDyne led to logistical challenges. The
company's push for efficiency and cost-effectiveness drove the need foran

optimized delivery system.

Data from varied sources, especially different ERP systems, made consolidation
tough. Diverse truck specs and catering to different customer types and locations
hindered a single solution approach. Gaps in historical data affected trend analysis.
Budget and time limits constrained fleet enhancements and smooth transitions.

RelaDyne's extensive data and a dedicated team of dispatchers and drivers, open to
discussing daily delivery challenges, laid the groundwork.

An optimization model was developed after analyzing fleet, demand, and route data.
This model automated truck selection and route planning. Over 150 hours were spent
on truck rides to gauge how truck type influences driver safety, deliveries, and
customer satisfaction.

The multi-compartment vehicle routing model, integrating demand for diverse
products, truck details, and route effectiveness, was groundbreaking in refining
RelaDyne's deliveries.

The approach boosted the 'gallons per route' figure, enhanced truck use efficiency,
reduced stop durations at client locations, and steered fleet investment insights.

Gather robust data, grasp real-world delivery issues, and frequently test the model
for effective replication.

The method suits any multi-product, multi-compartment distribution industry, from
food to e-commerce to pharmaceuticals, emphasizing route and delivery efficiency.



Supply chain planning and inventory management Retail

Digital Twin-Driven Supply ¥
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Chain Enhancement to
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BUSINESS PROBLEM

Nike is transitioning its supply chain from wholesale to direct-to-
consumer to meet changing customer expectations of cost and
service. However, the current distribution system, designed for
wholesale, struggles to handle the growing volume of digital
orders efficiently. To address this, Nike is adding new physical
and digital capabilities, but it's uncertain how these changes will
affect the targets defined by supply chain leadership. The project
has a dual purpose: first, to create a critical module for digital
twin of Nike's supply chain (focus on new capabilities), and
second, to find ways to enhance performance of the updated
network.

DATA SOURCES

Demand Forecast, Purchase Orders, Actual Sales, Inventory
Levels, Shipping & Processing Costs

Data Types and Format

Numeric, structured data

Author: Sid Agrawal

Network optimization

Network analysis

A digital twin of Nike' supply chain distribution
was created, with a focus on replicating the new
physical nodes and digital capability. Using the
digital twin, various inventory deployment
policies were tested to identify key bottlenecks.
Lastly, policies with synthetic data that
addressed these bottlenecks were simulated to

measure the financial benefits of these
improvements.
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IMPACT

The digital twin offers Nike the ability
to simulate various inventory

deployment policies within the
updated supply chain network,
analyzing their impact on key metrics.
It also facilitates cost savings
assessment for various policies.
Additionally, simulation results with
synthetic data addressing forecast
coverage and lumpy supply challenges
have sparked evidence-driven
discussions with supply chain
partners to tackle these bottlenecks.
In summary, the digital twin tool along
with the synthetic data exercise has
equipped Nike with insights and
capabilities needed to get closer to
the supply chain targets set by the
leadership for supporting D2C growth.

ENABLERS

INNOVATION

BEST PRALCTICES

OTHER APPLICATIONS

DTC sales are a rapidly growing revenue stream for Nike and the broader
retail industry. Consequently, there is a strong push within the company to
enhance digital and physical supply chain capabilities to fuel D2C expansion.

The North Star targets set for digital fulfillment were incredibly ambitious,
to the point where their feasibility was in question. The project's open-
ended nature and the difficulties in obtaining dependable historical forecast
data posed obstacles.

The cutting-edge software development infrastructure, which included AWS
SageMaker, SnowFlake database, Git, and Jira, coupled with the support of a
proficient data science team and cooperative business counterparts, played
a pivotal role in facilitating the success of my project.

| gathered empirical evidence illustrating the potential financial gains from
my proposed solution and delivered these findings to senior leadership,
including VPs and Directors from the supply chain analytics and logistics
teams. As a result, Nike has commissioned additional work to delve deeper
into the solutions | suggested.

| created a highly granular digital twin that can be employed to research
various supply chain network performance issues. Additionally, the use of
synthetic data to tackle forecast coverage gaps and supply irregularities has
paved the way for its broader application in cases where necessary data is
unavailable.

The simulation results prevented a costly multi-million dollar investment in
a cross-dock facility that would have failed to deliver the anticipated
benefits. Additionally, the simulation with synthetic data revealed that
resolving identified bottlenecks could triple network performance,
measured by the % of inventory bypassing the primary distribution center,
and simultaneously cut distribution/storage costs by millions of dollars.

When constructing a digital twin, it's more manageable to commence with a
Minimum Viable Product (MVP) and progressively incorporate greater
complexity, such as business and operational constraints. In conducting
cost scenario analysis, it's crucial to maintain a consistent total product
volume flowing through the network across scenarios to guarantee a fair
comparison of network costs.

The digital twin concept | implemented for distribution has the potential to
expand its scope to encompass production and planning, as well as studies
focused on sustainability within supply chains.
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A Strategic Framework for '

-

Evaluating Next-Generation s

Technologies in Biocatalysis

BUSINESS PROBLEM

The emergence of a new wave of biocata|y5is innovation is A funnel_"ke Scheme With increasing Complexity

idly t forming the ph tical industry. Thi t :
rapicly ManstonMINngans Prarmacetuicas LS Ty, s Asx was used to gradually screen potential CDOMOs.

generation of techniques is reshaping approaches to process

: E——— First, the framework organized around methods
development for companies operating in this space. However,

significant challenges exist in fully harnessing the potential of for selection and verification of a CDMO's
this new technology due to limitations in internal capabilities, background. Next, the focus was on identifying

including time constraints and knowledge gaps. To overcome down selection criteria. And last, the framework

these obstacles and unlock the true potential of biocatalysis. e : s

_ o presented the application of real options
Amgen must strategically leverage external supply organizations . . .
to tap into the next wave of biocatalysis innovation and bridge its analysis to final CDMO selection.

existing capability gaps.

DATA SOURCES

Technical information on the state of the biocatalysis industry
was sourced from published literature, capability interviews, and
market research databases. COMO-specific information was
sourced from publicly available reports as well as proprietary
information gathered from requests for proposals and company
interviews.

Data Types and Format

Interviews (surveys, notes, audio); Requests for
Information/Proposal (Excel files, Word files, PowerPoint

presentations); Market Research Reports (online databases,
video)

Author: Alec Creta



IMPACT

This project provided a
comprehensive framework for the site
selection of a next-generation
technology contract development and
manufacturing organization (COMO) in
biocatalysis, with the potential for
adaptation to various pipeline or
emerging technology selection
processes. The integration of site
evaluation methods, decision
assessment, and real options analysis
within this framework effectively
demonstrated an approach that
enhanced the technical and financial
accuracy of pre-pivotal development
and manufacturing engagements.
Following the establishment of the
framework, the project successfully
demonstrated the capability to
conduct thorough preliminary
investigation prior to engaging with
CDMGOs directly. And, the successful
application of real options analysis led
to the recommendation and
implementation of a new operating
procedure for early-phase
biocatalysis work at Amgen.

The pharmaceutical industry is facing a rapidly changing landscape, driven by
technological advancements and evolving patient needs. As a consequence, the
industry must remain agile in the adoption of innovation and sustainable practices
to continue providing effective and accessible treatments to patients. Advanced
biocatalysis techniques are seen as enabling, innovative, and sustainable solutions
that play a crucial role in this pursuit.

Amgen has a history of partnering with CDMOs on process and capability
expansions. Nevertheless, the emerging technology space presents a new challenge
where Amgen may lack the required expertise, necessitating a collaboration with an
external partner to fill the gap. The limited internal knowledge and urgency to act
quickly can become significant barriers in selecting and partnering with the right
CDMO at the right price.

Cross-functional collaboration and dialogue among the process development,
strategic sourcing, contract development and manufacturing, and portfolio strategy
and management groups served as a key enabler, providing the space to experiment
with diverse methods.

The framework utilized market analysis, stakeholder interviews, organizational
analysis, decision matrices, CDMO outreach, and cross-company benchmarking. The
final recommendation was based on a quantifiable comparison and optimization of
the primary implications related to cost, technology, and intellectual property for
each option.

The application of quantitative analysis, including real options analysis and Monte
Carlo simulation, provided a new level of objectivity to the emerging technology site
selection. As a result, the site selection process highlighted the risks and
opportunities associated with each option and enabled stakeholders to maximize
the chances of success.

This project showcased the benefits of employing simple, user-friendly tools for
quantitative analysis. By doing so, the approach effectively de-risked the upfront
investment in an emerging technology and enabled a smooth entry into the space,
earning senior leadership's increased confidence in the decision-making process.
While also refining existing process development practices, enhancing overall
efficiency.

Identify known unknowns, systematically measure uncertainty, and consider
multiple outcomes using the framework. Optimize decision-making by focusing on
challenging assumptions and employing risk management strategies. Share insights
and learnings across stakeholders, and adapt the framework to suit a project’s
specific context.

This framework is suited for projects with uncertain outcomes and potential
changes in value over time. It is particularly effective for projects involving phased
investments, levels of outcome uncertainty, and inherent risks of failure. This can
include drug development projects, manufacturing facility expansions, and
technology implementations.



Production

Industrial automation

Throughput Improvement in High

Mix-Low Volume (HMLYV)

Manufacturing

BUSINESS PROBLEM

Re:Build Cutting Dynamics inc. (CDI) is a site capable of sheet
metal fabrication for aerospace and defense parts. To maximize
material use when cutting parts out of material, CDl batches jobs
which use the same material on sheets before cutting them with
lasers, water jets, and routers. This job of determining which jobs
to batch together and laying them out in an efficient manner
currently requires significant manual work which increases lead
times, reduces throughput, and reduces flexibility. CDI needs to
increase the speed of nesting to keep up with significant growth
expected in the coming years.

DATA SOURCES

This project used data from the Enterprise Resource Planner
(ERP)on numbers of jobs completed at each machine to get
throughput estimations. Time studies were conducted to
estimate how long jobs took generally and specifically how long
nesting took. Further interviews were conducted with operators
and management to understand how delays in nesting affect
production operationally and financially.

Data Types and Format

Numerical data, text transcriptions of interviews.

Author: Alex Davis

Improved process performance

Rules-based

This project used process flow analysis to
determine opportunities for automation within
the nesting process. The project involved
understanding and navigating tradeoffs
between user input and automation in a HMLV

shop by creating a Python program to automate
collection of job information from databases
and operators to write scripts that run
commercial nesting software instantly.

Nestimizer workflow
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IMPACT

This project significantly reduced the
amount of time it takes to batch and
nest jobs properly, saving hours of
time for several critical stakeholders
and is projected to result in over
$50,000 in throughput and $32,000 in
material savings annually. Machine
programmers at CDI are capable of
nesting and re-nesting parts within
minutes whereas the previous
technique took hours to nest several
together. This not only significantly
reduces the lead time from job
received to job ready to cut, but also
makes the manufacturing system as a
whole much more responsive to
change. Whenever customer or
production requirements cause a
change, the work centers are able to
respond with minimal effort.
Additionally, the increased
automation makes it easier for new
people to learn how to program
machines without a lengthy train up
on nesting software. This makes the
skill more democratized and will allow
for people with the correct
information (material handlers, laser
operators, etc.)to program the lasers
rather than a separate person that is
more separated from the physical
process. Finally, in the spirit of
Re:Build's Lean Operating System and
Lean operations in general, the extra
time that has been freed up for the
laser programmer can now be used to
up-skill and increase his education so
that they can work on other
automation projects throughout CDI.
This will allow the improvement
efforts here to "snowball" into further
successful improvement projects
later.

ENABLERS

ACTIONS

INNOVATION

IMPROVEMENT

BEST PRACTICES

OTHER APPLICATIONS

Placeholder

Placeholder

Placeholder

Placeholder

Placeholder

Placeholder

Placeholder

Placeholder



Operations Automobile manufacturing Network optimization Constrained / Unconstrained

An .Optimization Model for Make‘ -

or Buy at Nissan North America =~
[ -.-:_;'.# -

il 5

.

BUSINESS PROBLEM

Nissan is strategically charting a path to optimize the utilization The proposed solution encompasses a mixed-
of their production assets in response to supplier disruptions to integer optimization model driven to minimize

their past model service division and anticipated shifts to their th t of duci t of bli
operational landscape due to the introduction of EVs. e R O

Resolutions to these challenges involve in-sourcing more parts individual parts, weighing each buy scenario and
toremain competitive andintroduce make or buy trade- offs all internal make scenarios, subject to regional
between 2 core businesses: future model production and past asset capacities to determine the optimal

model service production. Historically, these business units have
operated independently, but there is a callto unite the two and
strike a balance between in-house production and outsourcing.

production scenario. This approach ensuresall
potential production scenarios are explored.

DATA SOURCES

Datasources spanned multiple business units and functions.
Design data for parts/assemblies from new model engineering,
cost data from costing/pricing/logistics groups, capacity data
from production engineering ineach plant, and vehicle demand
data from industrial strategy.

Data Types and Format

Data Types are numerical or categorical. Capacity and demand
information are time series. The remaining data are numerical or
categorical and describe a part's/asset's attributes or cost
metrics.

Author: Branden Francis "



IMPACT

The impact of this project is three-
fold. First, the model allows the
business to perform feasibility studies
before committing to an in-depth
make or buy study of a production
scenario for a part or assembly.
Currently, effort may be expended
studying a part or assembly that ends
up not being cost competitive to in-
house or that the business does not
have capacity for. A positive
externality of the research was
gatheringinformation on key inputs
from other groups, such as a
pricing/costing, engineering, and
logistics, and replicating their
calculations in the model. This
significantly cuts down on the
turnaround time for those inputs and
allows the strategy group to focuson
requesting information from
supporting groups for competitive
cost studiesonly. Secondly, the model
allows the business to simulate
different operational scenarios, which
is a critical capability for the strategy
group. Volumes, start/end of
production dates, costs, assets, shift
patterns, etc. that are input into the
model can be adjusted and the
subsequent make or buy decisions
determined. Finally, this approach
allows the business to holistically and
exhaustively evaluate all production
scenarios to discover potential cost
savings - an activity that would that
would be time prohibitive to pursue
under the current make or buy
workstream. Overall, the aim of this
project is to determine optimal make
or buy production scenarios, discover
cost savings, and simulate different
operational landscapes.

b4

ENABLERS

A

»

INNGVATION

4

INPREVENERT

BEST PRACTICES

»

.

The anticipation of an increased focus on in-sourcing more
assemblies and parts across different models/verticals to be
more cost competitive lead to the need for a more holistic and
efficient method of determining which parts to insource or
outsource.

Working with design information that is 3+ years upstream of
production and operational data projected 7+ years into the
future means there can often be gaps/low confidence in an
assembly’s or plant’s “dataset”. Having incomplete information on
can produce an optimal solution that may not reflect reality.

The data science and analytics teams were particularly helpful in
getting the project started from a technical point of view. Given
the breadth of the project, key stakeholders from the supporting
groups of the make or buy workstream were enthusiastic about
providing context around their contributions to the workstream.

Made it as easy as possible to use the model through Python and
provided a manual with instructions on how to install the
necessary programs and how the model reads information from
Excel.

This solution/model was developed using open-source
optimization solver in Python and reads data from a commonly
used spreadsheet editor, enabling large scale optimization,
scalability, and lowers a barrier of entry for other groups to use
this tool.

This provided the Industrial strategy team the ability to
efficiently approximate costs, generate make or buy
recommendations without relying on inputs from multiple teams,
and identify cost optimal production scenarios. It allows them to
simulate different operational scenarios with ease.

When dealing with projects that draw information from
international teams, make sure to test, question, and compare
any assumptions or information derived from other countries.
One can discover key operational differences that may impact the
model’s output.

Putting aside the optimization aspect, a model of regional

BTHER lr.u“-nllsassnts. labor/logistics rates, and vehicle demand can be used to

m
=

simulate many different operational scenarios a business may
want to explore. Any input in the model can serve as alever to
examine how key outputs impact operational and financial
metrics.



Industrial automation Improved process performance Regression analysis

Optimizing thermoplastic

composites manufacturing with
digital process intelligence

Lo ™:
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BUSINESS PROBLEM

Oribi Composites is athermoplastic composite manufacturing A suite of process and environmental sensors
company specializing in the production of medium-volume

thermoformed products. Such high-draw composite
thermoforming is a challenging process unique to Oribi. To date,
process parameters have been developed through learned process. In parallel, a telemetry & database
experience and trial & error, with limited understanding of the infrastructure was built to stream this data and
underlying drivers of material behavior or product quality. As a enable machine-learning based analysis.

result, yields for some products reach as low as 60-70%, and as
the company looks to scale, improved process insight and

control is critical to tightening product development times and
reducing costs. drivers of quality and composite properties.

were installed across the manufacturing line to
capture high-resolution data of the production

Leveraging those insights, targeted

experiments were performed to understand

DATA SOURCES

This project included end-to-end data source creation and

connectivity. Process sensors including temperature, pressure, nstall sensors across A MO

current, flow, and environmental sensors were installed across PRt e high-resolution data e
the manufacturing line. Additional digital data sources such as '

infrared imagery were installed, with all sensors streaming

through a custom telemetry system to AWS data lake and

accessed via SOL.

Data Types and Format

Primary numerical data sources were streamed in atime-series

format at 140O0Hz, depending on data needs. Triggered data

collection was also implemented, including FUR imagery and sild FEA-basec I oxave und: _
traceability data. S Pl A

Author: Evan Haas 13



IMPACT

Leveraging this high-resolution data
and the series of experiments it
enabled, scrap rates for the target
product were sustainably reduced by
6X This robust data telemetry
infrastructure also provides the
foundation for a scalable, multi-site
digital backbone that will become the
core to a machine intelligence
program at Re:Build.

BARRIERS

ACTIONS

INNOVATION

IMPROVEMENT

BEST PRACTICES

OTHER APPLICATIONS

Polymer composites are finding an increasing number of applications across
industries like aerospace, automotive, sporting goods, and medical devices.
However, traditional thermoset composites are expensive and slow to manufacture,
increasing component cost. Thermoplastic composites have the potential to change
this paradigm by enabling legacy high-volume methods of manufacturing like
thermoforming to this industry.

Oribi's deep-draw processes are highly unique in the industry, so little research has
been done in the field around the properties that drive product quality, material
behavior, or optimal process parameters. This challenge is compounded by the lack
of documentation and experimental rigor in the culture at Oribi, which meant this
project had to be built from the ground up in conjunction with a cultural shift
towards science-first design.

A culture of rapid change, engineering-led management, and strong executive
support were all essential enablers of this process.

This project involved the buildup of a data collection suite from the ground up. First,
an initial suite of sensors were selected and installed across the production line. In
parallel, a telemetry infrastructure and database system were built to send and
receive this data. Finally, these systems were tied to a pre-processing suite and
modeling software to extract valuable insights across a series of targeted
experiments.

The success of this project depended on multi-model data collection. Tying data
from continuous, time-series, quantitative sensors such as time or coolant flow to
triggered data capture such as infrared imagery was a critical enabler in
distinguishing correlation and causation across process parameters.

The target product improved from a ~60-70% average production yield to a
repeatable 95%+ over the course of the project. In addition, it built a scalable data
pipeline for deployment across future sites.

Adopting a broad, agnostic approach when tackling a novel question is critical to
avoiding bias in the selection of sensors and modeling parameters. Avoiding inbuilt
assumptions about the factors that were critical to the process enabled us to
identify unexpected errors and correlations in our manufacturing processes.

Such a system can be deployed across any manufacturing or experimentation line to
better understand the correlation between process and environmental parameters
with outcomes. Additionally, such a system should be core to any SPC or quality
control program.



Operations Custom Manufacturing Improved process performance

Schedulingina ngh-Mlx Low-

Volume Job Shop

BUSINESS PROBLEM

Rainier focuses on customer-specified, made-to-order products The project started by modeling the scheduling
consisting of four different business lines. These lines share tool from one that is used by another LFM

raphics, fabric, wood, and metal production shops. The . .
arap o - p. . g _ PortCo. The approach was to build a scheduling
challenge lies in predicting shop utilization due to varied custom

tool within the ERP system that could be

jobs, with each job potentially involving multiple shops and
resources. Complexity increases as jobs require different updated to establish the production schedule

processes, machines, and resources. Without an effective and then hold biweekly meetings to update the
scheduling system, delays and inefficiencies can disrupt on-time schedule. Through this process we were able to

delivery and customer satisfaction. Establishing an efficient . .
Y o 9 . . identify what worked well and what needed to be
scheduling strategy and tool is vital for success in this high-mix
improved on or changed completely.

low-volume shop.

DATA SOURCES

Display Frocess Improvenant

The data for this project was sourced from the companies ERP e f—
system, Epicor. The data was obtained through OData queries

through the Epicor platform. It included data such as the due

dates, completion dates, customer names, rework, estimated

hours and actual hours for all operations on each job.

Data Types and Format

The data used was simple tabular data. It was pulled from the
Epicor system into Power Bl and Excel as simple data including - ‘
columns with numeric data, text data, boolean data etc.

Author: Nick Holmes 15



IMPACT
DRIVERS
The impact this project has on the

business is a comprehensive process .\,l
and tool that can be utilized in a high-

mix low-volume job shop to improve

overall production scheduling. The

initial model adapted from the other

portfolio company proved to not be BARRIERS
useful in the Rainier production -
process. It became clear through the -
biweekly meetings and analyzing the

company data, which led to a new

process where key business rule

changes were identified that would ENABLERS
provide value to the business. The

updated process and tool will be able ’/
to schedule jobs effectively and

efficiently on a regular basis by

prioritizing production based on

profitability, customer needs, and the

efficient utilization of capacity. This ACTIONS

will grant stakeholders control over
production decisions, enhancing ’
visibility and tracking of scheduled

versus completed tasks. Additionally,

the project addresses inefficiencies

introduced by the scheduling process

and finds opportunities to improve the INNOVATION
flow of products within the system.

The implementation of this enhanced !
scheduling process will enable Rainier

to minimize bottlenecks, reduce

production delays, and ultimately

enhance on-time delivery and

customer satisfaction. The project IMPROVEMENT
also provides visibility into the L=
company’s data and allows real time -
knowledge of what is happening on
the production floor.

BEST PRACTICES

»

OTHER APPLICATIONS

n
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The driver for this solution was the need to stay competitive and win more business
for the company. Rainier ultimately wants to be able to drive higher revenue and
serve more customers and need the consistency in their production process to be
able to accomplish that.

One key barrier faced during the project was buy in from the shop floor managers on
the implementation of the process and tool. A few key managers were skeptical of
the change and stubborn to buying into the iterative process that would lead to more
effective scheduling. Another barrier came during spikes in demand that led to
everyone being extremely busy, with little time and motivation to invest in the
process change.

The leadership team at Rainier were all very supportive of the project and wanted it
to be successful. They understood the implications of how it could affect the overall
business. The LFM Capital team as well were very invested in the success of Rainier
and therefore played a key role of ensuring the project got the light it needed in
order to be successful.

One main action taken to implement the solution was to develop the tool within the
ERP system that could be used to update the schedule. Another action was to
analyze their data to understand where they were having issues and how a
scheduling tool could be of use to increase efficiency. A third action was to identify
key areas where business rules needed to be implemented to provide more
discipline in their production process.

One key innovative aspect was the use of Power Bl dashboards. The data at Rainier
is very accessible but not understood or visible to the shop floor. My solution
provided dashboards that would show real time insights into what was available to
work on the shop floor and areas that might be at or above capacity. Being able to
see and interpret the data will have a long term impact on how the shop floor should
be run.

The overall final improvement the solution provides is standard lead times and ship-
by dates that can be trusted by the managers and operators on the shop floor. This
will provide a clear path for the scheduling team by allowing them to only focus on
scheduling the work at the printers based on the capacities of each resource in the
shop. It will also lead to consistent on-time delivery.

The key is to understand what step in the production process is causing the biggest
pain points to the production floor. In this project, major problems on the shop floor
were a result of issues on the front end of the sales, order entry and art department.
These problems flowed down stream to the shop floor resulting in inefficiencies and
production mishaps.

Applications of this process can be applied to any job shop dealing with high-mix
low-volume production regardless of the product.
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BUSINESS PROBLEM

Commonwealth Rolled Products (CRP), an aluminum rolling mill Phase | of my internship sought to determine
and a portfolio company of American Industrial Partners (AIP), is

undergoing a transformation which includes a significant volume
increase. Although many of the mill's processes have been
thoroughly studied and CRP is confident that they can support mix-dependent bottleneck, | pursued two tracks
this volume increase, CRP has only a limited understanding of the in parallel: 1) operational initiatives to increase
capacity of the preheat process, which heats metal before it is preheat throughput and 2) scheduling

rolled. By building on initial work and developing a more nuanced
understanding of the process' capabilities, we will determine
whether the preheats can support the operating agenda and act
on the results.

current-state utilization through research and
analysis. Finding that preheats were a potential

optimization to ease material flow throughout
the mill.

DATA SOURCES

From the supply chain team, weekly sales forecast by product.
From the master CRP database, product-asset matching rules
and process characteristics. From the hot line team, process
runtimes by product and asset, downstream process metrics,
and maintenance history. From others in the organization, 2022
actuals for back-testing,

Data Types and Format

Data at Commonwealth exists in three primary forms: 1)
Standardized processes (SMPs), 2) Living Excel spreadsheets, 3)
Institutional memory.

Author: Evan Long



IMPACT

CRP consists of six sequential
processes, meaning that each must
be capable of supporting sufficient
throughput to enable the overall goal.
The other five processes have been
well studied and CRP is confident that
they can deliver that goal. However,
without a thorough understanding of
preheat capacity, the future goal may
be in jeopardy. This project therefore
has two immediate impacts. First, the
initial capacity analysis determined
whether significant additional capital
investment was needed to increase
preheat throughput. Second, follow-
on efforts maximized the value of the
existing asset base and enabled
initiatives in other parts of the plant.

4

ACTIONS

INNOVATION

¢

IMPROVEMENT

BEST PRACTICES

»

OTHER APPLICATIONS
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Over the last three years, CRP has achieved significant operational improvements
throughout the mill. These improvements created the opportunity to meaningfully
increase production and shift the product mix to be more favorable for the business.
The pre-heats need to be more thoroughly evaluated to ensure they will not become

a capacity constraint in the future volume / mix scenarios.

The process was mathematically complex, so finding a balance between fidelity and
efficiency was critical. The preheats are made up of 14 different work cells, each of
which has its own constraints on the products it can serve and different process
times for the same product. Moreover, the preheats are a batch process, and each
batch exits sequentially to the hot line.

Easy access to the preheat plant itself, the process managers, and the supply chain
team helped me access and contextualize information, as well as formulate and test
hypotheses. Maximizing time onsite was key to developing the relationships and

literacy needed for success.

Two key analytical steps made the solution possible: 1)rationalizing the work cells
and the products into categories of functionally homogenous members,
2)implementing a greedy heuristic, informed by best practices from the preheat
managers, to assign products to work cells in our model.

The solution was designed to fit easily into existing processes. Rather than being a
standalone tool, it can be integrated directly into CRP's supply chain planning in
order to ensure that future sales volumes and mixes will not run afoul of maximum
preheat process capacity.

The solution shows that CRP does not need to buy an addtional tunnel furnace to
achieve its goals.

Start from actuals, not projections. Familiarize yourself with known best practices in
order to sense-check an optimization output or even incorporate heuristics to steer
the model in the right direction. Ask whether any component of the is problem has
been solved in the past, even in a very different context.

This solution could be applied to any other industrial sequence where a set of
parallel processes merge to a single chokepoint in the overall manufacturing flow.



Inventory management / Supervised
control Learning

Supply chain planning and inventory
management

Machine Learning and Stochastic

Simulation for inventory

Management
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BUSINESS PROBLEM

Raw material inventory levels have been climbing at Amgen and
Amgen is currently holding circa S1bin worth of inventory, across
all plants, with a clear opportunity to optimise inventory. There is
a non-standard wav of estimating buffers/safetv stock for
materials and many materials, even those with high resiliency
have high inventory targets. The challenge includes finding a
standardized way to optimally dimension optimal safety stock
and reduce on-hand inventory while managing non-uniformly
distributed demand and variability, supply disruptions/ risk and
lead time variability, production and material defects, holding
cost and expiry risk.

DATA SOURCES

Raw material data, finished drug product data, Revenue
information, historical purchase order data, Supplier
performance data, historical demand plan data, historical
consumption data were required for this project. Most of the
data can be currently found in SAP and Rapid Response,
accessible via the Amgen Enterprise Data Lake.

Data Types and Format

Time series data, numerical and categorical Data in Databases
and a few excel files.

Author: Ololade Olaleye

ML models were built to predict the lead time
and the demand. For limited demand data,
forecast accuracy was used to derive future
demand. These output and their variance were
feed into the safety stock formula. Service level
was segmented for 10000+ raw materials and a
monte-carlo simulation run on the safety stock,
varying the lead time and demand. What-if
analysis and optimisation also included
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IMPACT

- The business can simulate risk
tolerance settings to reduce inventory
levels. This can lead to one-time delay
in spend as well as year-over-year
holding cost savings of up to 25% and
even more, depending on
management service level decisions.
This also allows the company to free
up working capital and reduce expiry
risk and scrap disposal. - The
company is also able to better manage
the suppliers and facilitate better
planning by being able to predict
supplier performance and lead times.
- The demand forecasting model helps
to reduce forecast error in raw
material inventory. - The solutionis a
standardized way of managing
inventory by leveraging historical data
across not just raw materials but
other echelons, and other echelons
can benefit from this methodology. -
The segmentation framework and

finished drug product mapping to raw
materials helps the company better
understand their inventory landscape
and levels of risk across the chain. -
The what-if/disruption framework
helps the company plan and respond
to other kinds of risks and external

factors, and this enables decision
making. - The overall framework will
better the company’s risk
management for inventory.

ENABLERS

ACTIONS

INNOVATION

BEST PRACTICES

»

OTHER APPLICATIONS
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1. High inventory level ties up significant capital and can lead to wastage due to
scrap disposal 2. Dynamic, data-driven systems mitigate effects of global supply
chain challenges and disruptions 3. Competitive Edge 4. Digital Evolution:
Leveraging Al and data analytics helps companies make more intelligent decisions
5. Sustainability: Reducing inventory waste promotes environmental responsibility
6. Amgen's mantra “Every Patient, Every Time"

Data availability and credibility. Some of the data pipelines had some issues which
made the progress and verification of the solution slower. This project relies heavily
on credible data.

Willingness to support the initiative and help source the data required. Alignment on
the value of the project and with the raw material transformation workstream.

| performed extensive research on available methods and approaches. |
deconstructed the problem and created a methodology in steps. | interviewed a lot
of key stakeholders for better understanding. | started building each step and tested
many approaches and use resources in house to collate data required. | ran several
test cases and compared my solution with what happened and the company
methodology.

It combines data-driven decisions, predictive analytics, probabilistic simulations,
and optimization to address the complex and dynamic nature of inventory
management. It utilizes bootstrapping to predict lead time variance. It also fits the
demand during the lead time using a python package called fitter which ensures it
doesn't assume a normal demand distribution. The solution also leverages
multicriteria segmentation to properly correlate risk

The solution showed that the company can reduce inventory to the tune of hundreds
of millions of dollars, up to 25% and more, depending on decisions on desired risk
tolerance and avoid incurring additional cost in the future. It also ensured that we
can plan with realistic supplier lead times and mitigate supply risk and variability.

Speak to key stakeholders and leverage connections/SMEs. Use lots of data and
properly understand nuances in data and the problem. Build/Solve the problem in
modules

This solution is applicable and scalable at any echelon of supply chain and for any
organization in any industry that has a supply chain and requires any form of
inventary. It can also help mitigate supply disruptions and understand supplier
performance better.
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Greenhouse Gas Optimization

Across a Multi-Echelon

Manufacturing and Distribution

Network
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BUSINESS PROBLEM

Businesses across the world have begun to pledge reductions in
Greenhouse Gas (GHG) emissions across their organizations to
better preserve the planet. The host company has committed to
a percentage reduction of its Scope § GHG emissions, which
includes that of its outsourced multi-echelon manufacturing and
distribution network. The task of optimally allocating supply
amongst global production locations and transport modes while
reducing GHGs, preserving low costs, and serving a global
consumer base is beyond the human decision making capacity,
and requires optimization technology in order to achieve viable
results.

DATA SOURCES

Two database were used to access network historic GHG
emissions information. One database contained an emission
breakdown based on energy purchased and generated onsite at
upstream manufacturing locations. The other database
contained an emission breakdown based on historic
transportation routes and modes within the upstream
transportation network. Both databases were company internal
reporting.

Data Types and Format

GHG emissions data were extracted from Snowflake tables and
processed using Python.

Author: Theo Rosenzweig

Network optimization Uni / Multi-Objective

Historic manufacturing and transportation GHG
data from the upstream network were acquired.
Projections were developed to estimate
emissions on a 2030 time horizon and for
facilities that may join the manufacturing
network by 2030. Projections were incorporated
into a digital twin optimization model, set to
optimize for GHGs, cost, risk, and lead time,
then optimal networks were generated.

Acquire historic manufacturing
and transportation GHG data

from company’s supply network

Extrapolate GHG data to Forecast GHG data on 2030
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IMPACT

In a time when emissions are of
increasing importance, the supply
plans produced using the GHG
optimization algorithm will help the
company do its part to reduce
emissions to better preserve the
planet. The host company has pledged
to significantly reduce its Scope 3§
GHG emissions by 2030 as informed
by the Paris Agreement's guidelines,
and it will take data-driven strategies
to meet those aggressive targets. The
optimization algorithm of focus in this
project helps create optimized supply
plans to meet the GHG reduction
targets. The algorithm also helps find
the lowest cost, lowest risk, and most
responsive network solutions that can
meet emission targets. The
combination of these objectives
makes the algorithm not only climate-
centric but also savvy for business
use.

ACTIONS

INNOVATION

BEST PRACTICES

»

OTHER APPLICATIONS

The Paris Agreement's goal to keep the increase in global average temperatures
below 2 degrees celsius above pre-industrial levels was a major driver for the
company's GHG reduction targets. These targets are the motive for the GHG
optimization algorithm.

The company had less manufacturing GHG related data in further removed tiers of
the upstream supply chain than in near tiers of the supply chain. Due to these data
gaps, the algorithm's accuracy was diminished when distant tiers were included in
scope, which was a barrier when reviewing the exact network GHG values of the

algorithm's solutions.

The company was willing to share any available data to enable the creation of the
optimization algorithm. Additionally, the company provided a strong mentorship
support network from the first day of the internship, which helped the project flow
smoothly. Employees were eager to implement solutions into their full-time
practices, which made the project impactful on the long term scale.

GHG emissions related to the production of goods at all in-scope manufacturing
facilities were either directly extracted or extrapolated. GHG emissions from the
transportation of materials and goods were calculated. All emissions information
was fed into the optimization algorithm input stream with cost, risk, and lead time
related data. An objective function was added to minimize network GHGs.

The algorithm is innovative in that it allows for optimization of GHGs, cost, risk, and
lead time together instead of limiting to sole optimization for GHGs. The multi-
objective optimization quality makes the algorithm useful in business settings, so it
can be used as more than a standalone tool for sustainability purposes.

The solution provides a supply plan that the company can follow to meet their 2030
GHG reduction targets, which was an unknown before commencement of the

project.

Best practice is to ensure that adequate emissions-related data is available for
every in-scope tier of the manufacturing and distribution network. If adequate data
cannot be made available for a network tier, consider removing that tier from the
optimization algorithm because it may obscure results.

The GHG optimization strategy could be implemented in any manufacturing and
distribution network, regardless of if the network is global or local, multi or single
echelon, and regardless of the type of good manufactured. As long as there is
adequate emissions-related data, the methodology behind the algorithm may be
applied.
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Warehouse of the Future =

BUSINESS PROBLEM

By 2026, the Amgen warehouse is expected to be affected by an | used a standard work document and SAP data
increase of material, a centralized warehouse and an increase in to calculate utilization for the different teams. |
then projected the need for 2026. Trough
conversations, | was able to understand the

different shift structures used throughout the

competitive pressures to decrease cost. The goal of this project
is to use organizational design and automation opportunities to
help alleviate these concerns.

network. Finally, | worked with multiple vendors
to understand the right automation fit for the
warehouse as well as the costs to retrofit.

DATA SOURCES

SAP data, warehouse standard work
Data Types and Format

The majority of the data used was contained in excel
spreadsheets

Author: Stephanie Severe 2
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Framework for Enhancing

Decision-Making Capabilities in

the Decarbonization of the Airline

Industry
o

BUSINESS PROBLEM

The path to executing on the airline industry's net-zero goals by This project will evaluate pain points in airline
2050 remains nebulous, with sustainable aviation fuels (SAF), fleet planning and alignment with sustainability
electrification, and liquid hydrogen (LH2) at nascent technology .

- - e targets in order to create a robust, repeatable
readiness levels. In order to mitigate risk, airline industry leaders
may begin to rely upon decision-support systems (such as method for airlines to assess tradeoffs between
Cascade) to tackle uncertainty through scenario analysis, fleet operational economics and carbon intensity of
replacement modeling, and techno-economic assessments. In various fleet planning scenarios. The method
other words, what strategic questions should airlines pose to was then implemented within Boeing's Cascade

model framework and a case study was

conducted to examine efficacy.

successfully execute sustainability targets?

Global flight traffic data: Cascade (FlightRadar24, Cirium) Airline Propose
fleet and network data: Wikipedia, PlaneSpotters Identify general Develop prototype  Perform a case (e
trends of o implement: study utilizing frarmewa rk for
suglalnabllit\; : fleet sizing -Z:.‘:sz:ad?i datl.a o icmpro:;ln? pett
Data Types and Format M aiing ndustry - oot replacoment  ropiacoment sorve the srine
- quantification of optians far a industry going
i emissions & representative forward
CSVfiles operational sirling
savings
25
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IMPACT

At present, Cascade relies on basic
approximations for payload, flight
trajectories, and adoption rates of
alternative energy sources and future
aircraft technologies. With the
release of Cascade to the publicin
May 2023, the critical question
remains as to how Cascade can be
transformed from an educational tool
into a high-precision, decision-
support system for the airline
industry. The proposed framewaork for
improvement and resulting prototypes

will serve to enhance the decision-
making capabilities of Cascade and
better serve the airline industry in

achieving its net zero emissions
goals. Thus, adding momentum in
Cascade's evolution from a high-level
educational tool to a more robust and
granular decision-making system.

V4

ACTIONS

INNOVATION

4

IMPROVEMENT
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BEST PRACTICES

»

OTHER APPLICATIONS
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While over 290 airlines have made pledges to fully decarbonize by 2050 (IATA), the
path to executing on net-zero goals by 2050 remains nebulous at best. With that in
mind, how should an airline approach making decisions about implementing or
investing in sustainable aviation technologies? How can an airline leverage Cascade
to make these decisions? How can Cascade be transformed from an educational tool
into a high-precision, decision-system for

Barriers to progress included data quality and availability of airline fleet data,
proprietary release processes, change management, and lack of airline stakeholder
input

The combination of Boeing's technical expertise, collaboration with Aurora Flight
Sciences for modeling advanced technologies, and access to industry insights and
resources created a fertile ground for the successful development of this project.

Survey of sustainability goals across the airline industry, comprehensive data
collection and research into representative airline's fleet and network data for the
case study, implementation of a prototype within Cascade for increased
customization and specificity for airline emissions analysis, and documentation for
integration into the web-app

Innovative aspects of this solution include enhancing precision in emissions
reduction strategies for the airlines.

The solution will transform Cascade into a precise decision-support system that
optimizes flight operations, leveraging accurate data on payload, load factors, and
route traffic growth. This enhancement will empower the airline industry to make
informed, data-driven decisions using Cascade.

1. Robust Data Collection: Gather accurate and comprehensive data on flight
operations, sustainability investments, and technology adoption. 2. In-depth
understanding of the current Cascade architecture and technological roadmap

Within Cascade, this solution can be extended to assist the airlines in planning for
electrification and introduction of alternative energy sources. Beyond the airline
industry, this data-driven decision fleet replacement framework could be adapted
for sustainable operations in shipping, logistics, and transportation s:z::tors.



a Make-To-Order Manufacturing

Environment

BUSINESS PROBLEM

Accelevation LLC has grown very quickly from its beginning in The research will be split into three correlated
2018 via acquisitions and natural expansion. This growth in sales

has not been perfectly followed by maturing processes. The lack
of established inventory management policies to reduce
stockout events and optimize costs presents an especially place. Next, bill of material validation and
troublesome issue. The business historically purchased material material cycle counts will be introduced to
based on jobs released to production and does not have strong improve inventory accuracy. Internal processes
forecasting abilities based on the make-to-order nature of the
products. Additionally, physical counts of inventory on-hand

often do not align with the amount of material in the enterprise
resource planning system. will be implemented.

efforts. A basic re-order level and quantity
inventory management policy will be putin

for material storage and consumption will also
be reviewed. Finally, sales & operations planning

=]
& &

Material Forecasting Acourate inventony
by Jols i ERP
Reduced Bumber of
Reduced Number of Parts Expedited
Stockout Events Theough Secondary
Suppliers

Inaccurate Mentony
Count in ERP

Data Types and Format ;
TBD @

Proactive inventoey
Maniagement

DATA SOURCES

Reactive Irentary

Author: Adam Vignaroli



IMPACT

For growing make-to-order
businesses, the quantities of
materials that are consumed will
continue to increase without being
able to build finished product stock as
buffer. As the supply chain
complicates, stock-out events can
become a nuisance and slow
production. Processes in place also
need to be robust to grow with the
company's revenues and throughput
without additional cost. The legacy
processes in this project included
manual purchase order quantities and
timing with tracking occurring by the
buyer's individual checks. With these
existing processes, growth requires
additional headcount to maintain
similar levels of material
effectiveness, with likely diminishing
effectiveness among more
complicated material consumption
and orders. Enhancements to
Accelevation’s inventory management
through policy, accuracy, and
forecasting enhancements will allow

for revenue growth with a less than

directly proportional increase in
operations support personnel. While
the business continues to evolve and
serve different aspects of the data
center containment market, demand
may deviate from historical usage.
Processes that plan for these
deviations from historical usage will
allow Accelevation to plan material
beyond their inventory policy for
situations where they would
otherwise be at risk of stock-out
events. In all, creating robust
inventory management processes will
aid Accelevation’s continued growth.

ACTIONS

INNOVATION
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IMPROVEMENT

BEST PRACTICES
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Paths to Achieving Scope1 &

Carbon Neutrality in Building 5

Utilities

BUSINESS PROBLEM

Amgen’s carbon neutrality target is based on a three-pronged
approach. The first is innovation to reduce the amount of energy
required to develop and produce their medicines. The second is
operational efficiency. The third is pursuing renewable energy to
the fullest extent in the regions they operate. Only after
innovation, efficiency, and renewable energy projects are
implemented, decarbonization efforts such as carbon removals
or high-quality carbon offsets are evaluated. This project
investigated innovative solutions to permanently reduce Scope 1
emissions in building utilities while minimizing the use of carbon
removals and offsets.

DATA SOURCES

The following data sources were accessed for this project: 1.
Global environmental tracking system - a repository of all
sustainability projects and historical energy consumption ata
site level with monthly granularity 2. Pl system - a database of
sensor data from individual assets 3. Past energy assessments 4.
Qualitative data from site visits and stakeholder interviews b.
Vendor quotations

Data Types and Format

Data was available in a variety of formats, including, but not
limited to: a) Excel files, b) .csv files, c) Pl graphs d) written
reports, and e) stakeholder interview notes.

Author: Daniel Willette

Information on energy demands of core
business functions was gathered and mapped.
Commercially available and emerging
technologies were evaluated by their Scope 1
emission impact, cost, and feasibility.
Stakeholders, such as site engineers, were
interviewed to collect feedback and evaluate
solutions. An optimization model was created to
select projects to maximize NPV under varying

constraints.

=Yy Investigate source of scope 1
EE GHG emissions by location.
e process, and fuel type

Identify emission reducing
@ solutions: calculate costs and
size of opportunity

ﬁi ?ﬁ Collect stakeholder feedback
| on efficiency measures and
'r—_|—1) feasibility of new solutions

.E Research industry frends and

I_.._l best practices
Create reusable optimization
model to recommend paths

.JEL and estimate budget based
on objective and constraints

Data sources

Environmentaldatabase
Fiping & instrumentation diograms
Process mea amenfs
Previous sife assessments

Direct intermal

inferviews

Ressarch papers
txternal consultations
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IMPACT

This project aimed to assess and
quantify Scope 1emission reduction

opportunities in line with Amgen's
three-pronged strategy focused on
innovation, efficiency, and renewable
energy. The project encompassed
both established technologies and
emerging solutions. Utilizing an
optimization model, the study
prioritized initiatives that maximize
net present value (NPV) while ensuring
carbon neutrality. This model charts
sustainable routes to carbon

neutrality, while minimizing the ENABLERS
utilization of decarbonization efforts
such as carbon removals or high-
quality carbon offsets. Furthermore,
the findings guide current
prioritization of carbon abatement
strategies and offer insights for future
sustainability targets beyond 2027.
The adaptable optimization model

remains a valuable tool, amenable to

ACTIONS

updates with refined data and
assumptions, facilitating the
evolution of innovation, efficiency,

and renewable energy strategies for INNOVATION
building utilities.
IMPROVEMENT
BEST PRACTICES
OTHER APPLICATIONS

The biotechnology industry has unique challenges in reducing Scope 1 carbon
emissions due to the clean manufacturing and lab processes they manage. To
achieve carbon neutrality, Amgen has a three-pronged approach focused on
innovation, efficiency, and renewable energy. This project set out to better
understand how to permanently reduce Scope 1emissions in building utilities in line
with Amgen's strategy.

Granular energy consumption data was often unavailable at a building or process
level. Past site energy assessments and validated assumptions were required to fill
these data gaps.

Incredible support from the project supervisor, as well as supportive peers and LGO
alum within the organization. The company has a collaborative culture focused on its
mission, team support, transparency, innovation. The large organization is easy to
navigate; this made it possible to access necessary tools, acquire data access
authorization, organize travel, and coordinate meetings with stakeholders.

Subject matter experts were key stakeholders in the project and their expertise
enabled the creation of the model and its inputs. The model findings were presented
to those subject matter experts and the Sustainability Engineering team for
feedback, a review of the insights, and discussion. The outputs of the research and
model will help to shape the future sustainability strategy.

An innovative aspect of this solution is the use of a linear optimization model to
select capital projects. In parallel, innovative and emerging emission-reducing
technologies, which have not yet become standard practice in commercial building
utilities or biotechnology processes, was researched and recommended for future
investigation and pilot projects.

The outputs of this project provide updated projections of capital requirements and
operating costs to implement solutions which reach carbon neutrality in line with
Amagen's approach focused on innovation, efficiency, and renewable energy.
Additionally, the research provides a view of applicable projects and their associated
costs to help inform future budgets for sustainability programs.

Focus on accessing granular building and process energy data as quickly as
possible. Where gaps are identified, create a path to close those data gaps, or even
pursue long-lasting side projects such as the installation of key sensors and data
collecting mechanisms.

Once innovation, efficiency, and renewable energy projects, affecting either Scope 1
or 2 emissions, are identified and analyzed, the model can be applied to any
organization aiming to identify carbon neutral implementation paths which
maximize NPV, minimize annual OpEx, or minimize the marginal abaternent cost.
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Understanding and Reducing
Virtual-Physical Mismatches and Amazon

Missorts in Fulfillment Centers =
— =
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BUSINESS PROBLEM

Delivery Estimate Accuracy (DEA)is the Amazon Operations The project was conducted in 2 phases -

metric that measures the percentage of items that attempted understanding causes and exploring solutions.

delivery on or before the Promised Delivery Date. There are

A . , For causes, the current process and misses
significant costs and customer experience impacts when
packages are not delivered on time, resulting in a DEA miss. were analyzed and multiple linear regression

Virtual-Physical Mismatch (VPM) and Missort are two major types models were built. Solutions were brainstormed

of DEA misses that are difficult to detect and prevent. This with domain experts and condensed to 7 for
project focuses on understanding and reducing the number of

pilots and studies. Expected costs, savings,

VPM and Missort misses in Fulfillment Centers, with the scope fforts. 1 t - taff )
being Amazon's Traditional Non-Sort Fulfillment Centers in the lieitg I g EIL QS DI T4 S 1S

US. were quantified for prioritization.

DATA SOURCES
The majority of the datais based on system logs of shipment Process Paths
history, including package attributes, container types,
. . Fluld Trailes ™ SLARM Divert Load Depart
timestamped scans, and planned routes. Additional data . e w B - S
leveraged from business intelligence dashboards, such as quality s e o SlAM Divert stack s M bepen
defects and staffing. Some pilot data were collected via Rus g ws | SAM e e
Load

stopwatch and counting. Qualitative data were collected through oot on v AN s e (oot PePR
i Carnt Yes [

20+ stakeholder interviews. ' - - - —

Data Types and Format
Internal databases and clusters were accessed via Amazon's web
browser-based SQL client. CSV and Excel files exported from
business intelligence dashboards. Some pilot data were
collected manually.
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Linear / Non-Linear

Co-optimizing transmission,

LAY - era
renewables and storage for FPL's .. ENERCY 22

Real Zero goal

P

BUSINESS PROBLEM

FPL (Florida Power & Light Company) has a goal to be "Real Zero" My key focus will be on evaluating the advantage

by 2045, which requires the company to eliminate all Scope 1and of coupling on-site energy storage with solar

2 emissions. To do that, FPL plans on relying largely on solar and

o , and how that changes transmission and solar
energy storage. Florida's regulatory environment supports

choosing the least expensive option, so it is critical that all Real deployment. For example, with on-site storage,

Zero projects are cost-effective. The challenge | am working on transmission becomes relatively less expensive

is how to find the lowest possible cost option by co-optimizing (due to higher utilization) and flat, ground-

the deployment of solar, storage and transmission. Disclosure: mounted solar becomes more attractive

this work is a sensitivity analysis and does not represent

(because the "peakier” production profile can be

concrete plans or analyses for FPL.
smoothed by the storage).

. . Scenario 1: Scenario 2:
| will use three data sources: 1. Solar data - National Solar .
Radiation Database (NSRDB) historical irradiation data. 2. FPL Haoe Y - »
o - o v ' a«
electricity demand (FERC Form No. 714 has this open data). 3. Solar % Demand B e i
. . . = Solar + Storage

Transmission, solar and storage costs from different sources. It Fesasmisnion

= Withoul rag ission line +  With short-duration storage, we can
is important to note that all data sources are publicly available e T romin ki g SR

5 - F = +  Question 1: Is the | t t in th
and no internal data from FPL will be used in this work. batieries compenaated by the smaller
investmaent in transmission?
I ion 2: With the added 3
Data Types and Format i Rl grounc-iowntod Soler be
competitive?
Time series of solar irradiation, electricity demand in FPL, and
costs(for solar, storage and transmission). Slustration of ieetlon:2;
Solar production Injected anargy (wilh 4h battery)

I 1

:.- Trangmission

o ey RN Rt /o, e capacity )

¥ w': e ,~'._|\
Single-axis tracking
~ Fiat ground mounted with 30% overbuild 33

Author: Marcelo Aguiar
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Network optimization

L=

Sustainability Analytlcs Network

Decommissioning Strategy &

Optimization

BUSINESS PROBLEM

Verizon faces significant overcapacity in their central offices.
Historically a standard, T1copper lines now are challenged by
technological shifts towards fiber and broadband. With customer
migration, many T1s remain underutilized. (max 24 channels per
circuit) Presently, manual methods identify "zero-fill" and “low-fill"
devices, constituting >60% of central offices. Without strategic
equipment consolidation, energy and cost-saving opportunities
are lost. Amidst rising T1 costs, there's a pressing need to
strategically decommission outdated T1s, addressing
underutilization and conserving energy loads.

DATA SOURCES

Using Excel files provided by the decommissioning team for each
central office. Aim: Obtain direct read-only database access that
feeds the iEN Legacy DCOMS dashboard, bypassing manual Excel
extraction. The dashboard pulls data from the NAR (Network
Analytics and Reporting) database.

Data Types and Format

Relational Databases. Excel.

Author: Shiv Bhakta

"'
: 7

Linear / Non-Linear

Start with data from a single central office's

Excel file as a pilot. Using Jupyter, process and
analyze this data. With insights from the pilot,
develop initial, scalable Python scripts for

multiple central offices. Engage with Network

teams to identify and enhance optimization

pathways. The strategy will serve as a blueprint,

highlighting gaps, required data, and steps for

team continuity.

Data Acquisition

Excel Data Files
Central Office Data

Initial Data Exploration & Cleaning
Jupyter Notebook

Basic Stats / Clean Data

SME Input

Initial Modeling

ary Model W itial Cor

Optimization Framework

Enhance [
3 lidd

Data Analysis and Recommendations

Feedback & Iteration

te Madel w/ Hist
lterate On Model

Final Report & Strategy
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Supply chain planning and inventory management Energy Improved process performance Constrained / Unconstrained

-~

e

BUSINESS PROBLEM

Given the disruptions to the global solar supply chain and Since an ideal delivery schedule minimizes

NextEra Energy's accelerated growth, the company’s solar panel portfolio costs while meeting various

allocation process is gaining complexity. The allocation process . . .
. : : - stakeholder constraints, the project will
results in a schedule that dictates the delivery of 150 million

panels to the 50+ projects which are under construction automate solar panel delivery scheduling with

simultaneously, while balancing requirements from multiple an optimization. First, it will create a “sandbox”

stakeholders. Due to project and contract interdependencies, model to develop insights into the decisions
modifying the delivery schedule leads to costs with that the model would have made in historical

consequential impacts across projects. An automated approach

N L disruptions. Then, it will refine the model to
to allocation is necessary to minimize costs and make prompt

generate pragmatic, strategic solutions.

strategic decisions across a growing portfolio.

DATA SOURCES

STAKEHOLDER COLLABORATION
Data sources are mostly internal and are comprised of current

and historical delivery schedules, contracted volumes per A\ \ Reviewing progress \‘\.

. . - - Interviewing stakeholders 3| S |ngori0fratng )
supplier, production schedules per supplier, cost data points, ar gf;kj?uld;?‘? A

4
and revenue data points. These data come from the Pricing & F L 4
Analytics project sponsor team, as well as the Commercial
. . OATA MANAGEMENT
(Development), Contracting (Supply Chain & Early Stage),
. - Mappm By Y s Ny
Construction, and Logistics stakeholders. varebies 2\ ey NG| R
4f Y cost )
Data Types and Format Prioritizingy, / coefficients / |[ Introducing more complex
costs S/ / variables
Structured data include Excel spreadsheets. Unstructured data
include contracts and documents in PDF formats and interview
. . MODEL DEVELDPMENT
notes, which were used as inputs for the cost and revenue
estimations. Developing Refining model >
Designing and
madel implementing -
] Deploying
model
E 37
Author: Regina Ceballos Mondragon A A

Base model Final model
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Production Metal Fabrication Business Integration

Low Volume High Mix Platform

Roll-up

BUSINESS PROBLEM

The Weller Metalworks platform is seeking to understand how to Integration, in general, is an extremely broad

best integrate portfolio companies that have many different topic, so | focused on the production operating

systems, operations, and processes. Integrating businesses that

have been family owned and independently operated for years SREEESCEENE o B e e i

poses a variety of challenges, so this research aims to provide problem by first observing the systems in use at

recommendations to address those challenges and to develop both portfolio companies. From there, | will

quidelines to facilitate the integration. Specifically, there have learn more about the inputs and outputs for

been two recent acquisitions for the Low Volume High Mix each system. Then, | will provide

platform, and now, the Weller Metalworks platform must

: : . , recommendations based on my observations on
determine how to best proceed with both companies performing

as one consolidated organization. how to best standardize the systems.

DATA SOURCES

The data for this research will primarily be system maps for the

production operating systems at each site as well as high-level
process maps. These will come from my observations and

meetings with the subject matter experts at each business. e @ .
There will also be data from the ERP on the annual sales revenue

and unique SKU numbers that will be included in the background

.
Rsadmaz ard Playbock

Urderetand istagratan. Dot
1y e and lesre 4 recommesdations e

information for each company. = S

e

Data Types and Format
Process Maps, System Maps, Sales Data, SKU Data

Author: Priya Chacko *



IMPACT

By developing an integration roadmap
and playbook, this research will
achieve three goals: first, it will
document the lessans learned from

each acquisition; second, it will set up

the current portfolio companies for

future succes

as one consolidate business in the
Weller Metalworks platform; and third,
it will serve as a guide for future
acquisitions and improve the
integration process of those portfolio
companies.




Performance management Clustering

&

vl

Assessing Technical Health of |

- Multi-Nati |
R&D Software Assets Using phgrr'nasefﬂfm

. . . Company
Incident Ticketing Data

v’Y‘t’:‘l}
e

BUSINESS PROBLEM

Information about the technical health of a software asset is not The Incident Tickets System manages
understood comprehensively. Given the 600+ software assets

within Digital R&D, a significant data volume about the assets is .
o . reported by users and contains data that reveals
collected. For example, over 15,000 incident tickets a year are

generated from users, but technical concerns are investigated as the technical performance and Stab'“ty of an

a siloed incident and only when the user experiences and reports application. Using natural language processing
the issue. The business remains reactive to issues affecting to infer meaning in incident tickets and
software, and existing data could be leveraged to empower the clustering methods to identify similar

business with the insights and tools to resolving recurrin . .. .. .
° ° ° application issues, insights on the technical

application issues and requests-for-help

problems.
health of a software asset can be obtained.
DATA SOURCES -
Incident data from Incident Ticketing System manages issues
with software applications reported by users. General Goals: Deliverable
information about Software assets iS ava”able through the Summarize the n\,mbe‘;o( software asset technical Data visualization to (on\-‘erte(h.r‘i(a‘ health of
issues affecting users. software asset including descriptive summary of
. . . entify repeat chnical issu fectin technical incidents tickets and reoccurring issues
business' software asset management system. The cybersecurity e e e,
team maintains a database tracking obsolescence associated would reappear in the future. Master’s thesis (;:::,rgggp::’,:érlh and findings
with software assets. Prepare text data Train BERT
for natural language classification model
processing, to determine
including forei whether a ticket is a
Data Types and Format JE shighyr s echee
some incident
. . . , tickets di
Unstructured data (text from resolution notes and description of pertan 1o tcheica
health of a software
issue encountered) from incident tickets. Incident tickets also =

contain structured information.

Author: Jackie Chen 1
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Product design / development / engineering

Ty -y -

Metals and mining

AL r 4 v "ft g 7

Pilot Prooi‘-of-Value Shi'te ahd

Nuclear Reactor Partner

Mt e L

Company Sel

i O Do AL S

BUSINESS PROBLEM

Caterpillar aims to provide sustainable microgrid solutions to
mining customers to help reduce their carbon footprint. Nuclear
Microreactors have emerged as a possible addition to their
microgrid solutions however due to the novel nature of these
systems, Caterpillar needs a quantifiable approach to
determining their suitability for a site and a suitable partner to
work with. A set of frameworks would be required to: 1) Identify
suitability of mine sites to use microreactors 2)Identify Pilot site
3)ldentify suitable partner through financial analysis, timelines &
possibility for ROl in feasible timeline

DATA SOURCES

Public reports by mining companies; Public announcements by
nuclear microreactor companies; Interviews/calls with mining
companies and nuclear reactor companies

Data Types and Format
Audio; Reports

Author: Matthew Chew

Product design and testing Constrained / Unconstrained

1) Interview mining companies and read public
reports. 2) Develop questionnaire from
information obtained. 3) Interview reactor
companies to understand timeline, investment
requirements and estimated costs. 4) Develop

database of parameters of companies. 5)
Integrated database and questionnaire to help
provide numerical score of site suirability and
suitable reactor company.

* Assess site suitability
* Understand if a customer site is suitable for a
microreactor
» |dentify Pilot site
= Characterize site requirements for microreactors

* Assess suitable partner company for
Caterpillar INC

» Characterize reactors and technologies by
companies

* Assess financial status of the company and
finances required

« Estimate financial viability of
investment/partnership
» Estimate long term costs of partnership
» Assess savings and ESG
* Compare savings to investments

43



IMPACT

Quantifiable score that can help
Caterpillar identify suitable Pilot sites
and possible beachhead market. In
addition, this could help quickly
identify what gaps in infrastructure
that needs to be built if needed.

Shortens lead time for analysis and
provides a quantified approach for
justification and analysis.

ACTIONS

INNOVATION

4

IMPROVEMENT

BEST PRACTICES

»

OTHER APPLICATIONS

m
=

Caterpillar mining customers are on a path to reduce their carbon footprint through
the electrification of the machines on the site. This effort to electrify the mines is
creating a large demand for clean energy at the mines. Caterpillar's mining
customers are looking to Caterpillar to assist with identifying optimal solutions.

Lack of knowledge: Many unknown unknowns with a technology that does not have

any prototypes in the market

Top management support: Desire by internal pillars to provide solutions to reduce
carbon footprints; Caterpillar's unique position as both machine and energy
production (EP) in various sectors

Product research; mine site visits; software simulations

Development of a framework that replies on a series of questionnaires and
databases which some elements of system dynamics to provide a quantified
numerical score.

A quantified approach to score and determine microreactor suitability for a mine
site and a score to identify suitable microreactor partners; Removes some

uncertainty in determining a decision

Having clear knowledge of the critical numbers; Openness and transparency of
needs/financials

Heat process replacement: Maritime power generation; Database baseload/backup

power generation



Customer Engagement Market Sizing/ Prioritization Clustering

BUSINESS PROBLEM

The Oil & Gas (0&G)industry is a high emissions emitting In developing an O&G strategy, 4 steps have

segment that the NextEra Energy (NEE) Origination team is been determined. My initial work focused on
targeting. A path for 0&G companies to reduce their emissionsis \ . as
understanding current decarbonization

through electrification. This creates a growing opportunity for )
NEE to offer renewable energy solutions. This project is being strategies for 0&G. Once the needs of the

used to understand megawatt (MW) opportunity by 0&G basin. market are understood, the next step is to
With this MW market sizing, the next steps are to understand evaluate opportunity size, focused on basin
what companies are operating in a basin and what specific geography. This market size will then be broken

products NEE can provide them to meet their electrification . .
. . . down into target accounts and target offerings.
goals. A successful project will be developing a targeted strategy
Lastly, | will focus on market execution.

for NEE to approach O&G customers.

DATA SOURCES

There are three buckets of data that will be utilized for this
project. One is public information including companies 10-K's and

sustainability reports. The second bucket is industry data; NEE Step 1: Context Setting sf"fp 2: Opportunity
. o . ) a. Past NEE Successes Sizing
subscribes to Enverus which is a platform with a variety of b. il & Gas a. Market Size by Basin
p—- .
information on 0&G operations. The third bucket is internal Decarbonization in Megawatts
9 o q q o Strategi
knowledge including salesforce information and O&G industry rategies
experience. P ]
Data Types and Format . Step 3: Opportunity Step 4: Opportunity
. . _ - ) Segmenting Execution
Public Reporting: Data Tables & Qualitative Information, Enverus: a. Operating 2. Marketing Roadmap

—

Data Tables and Mapping, Salesforce & Internal Information: Companies
Qualitative Information b. NEE Offerings

Author: Rebecca Cohen 4
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Operations Metals and mining

....'--"
2

A Data Drlven Approach to

Reduce Energy Consumptionin . e

Alumlnum Rolllng MI||S

— - ;'-,-I... '-
M
] :_‘yr'

R R :.-.,

BUSINESS PROBLEM

Due to increased energy prices in Europe because of the war in
Ukraine, Aluminium Duffel (AD), a leading manufacturer of rolled
aluminum, has experienced increased operating costs that
greatly affect its profitability. As such, AD aims to implement
energy reduction initiatives that can help tangibly reduce energy
costs. The objective of this project is to execute and open-
ended, data-driven search for energy savings opportunities
across the plant and develop tangible implementation plans for
the found initiatives.

DATA SOURCES

Time-stamped energy consumption data per product is available
for all machines and is scattered in different databases.
Additionally, data from sensors within each machine is available
from a centralized digital dashboard, which shows temperature,
pressure, amperage readings, among others.

Data Types and Format

Data types include time series, tabular, and discussions with
experts. Datais found within excel files and SQL calls from
several databases.

Author: Juan Correa Nunez

Improved process performance

Regression analysis

AMERICAN
INDUSTRIAL
\ PARTNERS

My approach involves first consolidating all
available energy data into a usable format and
from there, start an open-ended analysis of
energy consumption within the plant. This
involves finding patterns across the data that
are not visible by looking at the operations. Vital

to this approach is establishing a usable

baseline of optimal energy consumption to
which to compare current consumption.

Collaction of

operator insights
and constraints \
s ’ \\.

Exploratory I/ Ay N
Standardization an ahﬂ ct: pattan | Development of | Gap correction

and consolidation e welp-|  Performance e Gap Analysis s implementation
entification in

f en ' benchmarks [/ lan
of energy data anargy data \ benchmarks pla

e
Estimations of
theoretical

performance of
machines
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IMPACT

The overall project effort to reduce
energy consumption will enable AD to
improve its profitability while also
reducing its environmental emissions.
Numerically, this project will allow AD
to reach savings of around 2 million

Euros peryear out of the target 8
million per year that the plant needs to
achieve by 2027.

£
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The dramatic increase in energy prices in Europe due to the war in Ukraine led to
AD's profitability to be seriously impacted due to the increase in operating costs. As
such, there is a direct need to reduce energy consumption while maintaining
production levels in order to bring AD back to profitability.

The biggest barrier was the lack of direction from within AD as to where energy
saving opportunities existed. To date, AD has found energy savings opportunities by
intuition of where energy is consumed. This meant that | had to develop a data
driven approach to find energy saving initiatives. Another challenge was that energy
data was scattered across multiple servers.

Strong support from AIP and the AD teams. Both teams agreed equally that energy
reduction initiatives were imperative and were open to exploring new ways of
achieving this. This project carried high visibility within the company, making it
obtaining support for it fairly straight forward.

| consolidated all energy data in usable excel documents that allowed easy
manipulation and analysis. From there, | started an open-ended analysis of energy
consumption in order to find patterns or insights within the data. | then compared
my findings to expected baseline energy consumption that | obtained or calculated
from conversations with specialists or product recipes. This allowed me to identify
performance gaps in the current operation.

AD has relied on intuition to identify energy saving initiatives. My solution involves
and innovative use of energy data to find energy saving opportunities that would
normally remain hidden. Another innovative aspect of my solution is the integration
of operator feedback and recipe times with the energy consumption data. This
allows for data to be better analyzed and for proposals of initiatives that result in
more tangible solutions.

My solution will allow AD to save 1.5 million Euros a year in energy costs. This is
significant, considering the companies goal to save 8.1 million Euros a year by 2027.

1. Incorporate qualitative operator knowledge into data analysis process to better
understand results and findings. 2. Develop a thorough understanding of the
technical/mechanical workings of each machines/process. This is critical to
understanding where energy savings opportunities lie. 3. Be open to listen and
develop relationships within the operations/manufacturing team.

This approach can also be used to find operational inefficiencies. Similar to energy
inefficiencies, operational inefficiencies can be detected by open-ended data
analysis data is informed by operational best practices and theoretical production
baselines. This approach can also be applied to other processes that use similar
equipments, like steel rolling mills.



Product design / development / engineering Industry components Improved process performance Ranking Systems

Engineering Strategy for

Reshoring

BUSINESS PROBLEM

Re:Build seeks to find industries and value chains where it can Conduct global trade and supply chain value

leverage its capabilities and investments to successfully and assessment to identify and rank attractive

profitably build manufacturing related businesses. Therefore, the )
L . » product archetypes to reshore; validate
project is to search very widely for opportunities, and assess

those that look promising for addressing ReBuild's business
problem by considering market intelligence, current
programmatic pursuits, and existing portfolio strengths and
capabilities. The project will thereby provide an independent,
data-driven assessment of reshoring opportunities and
Re:Build's product portfolio strategy optimality.

DATA SOURCES

- US trade data by HTS-10 product codes - US Trade Commission
- US Supply-Use Table by industry - Bureau of Economic Analysis

- OECD Input-Output Table by country and industry - OECD -
Industry sector profitability data - Multi-source, aggregated -

Industry sector growth projections - Multi-source, aggregated -

Reshoring price comparison survey - Reshoring Initiative
Data Types and Format
MS Excel and CSV

Author: Jack Easley

business development efforts against company
stated goals; map existing product portfolio to
form resource-based view of capabilities.
Compare and contrast aforementioned results

to yield insights on optimal strategic

positioning.

Assess strategy optimality by comparing macro-data and Re:Build today

Current goals and pursuits

Portfolio position and strengths

o putcomes: man ¢ and process recommendations to answer:
< 1y current skrakagy oplimal in breadth and depth, grounded by company mission & values?
- Mare programmatic purssts focusad on the sight Uuags wilth Uhe righl priortisedion & resarces 7

Bk, RE:BYULLD
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IMPACT

Re:Build has many oppartunities
knocking on its doors as the young
company enters growth stage with a
portfolio of capabilities. Agai
backdrop is a fundamental strategic
question of how it may best achieve
its aspirational growth, balancing
focus between capitalizing on existing
products and endeavoring on new
pursuits. Under such context, this
project serves to provide an
independent assessment of reshoring
opportunities and uncover
management/process
recommendations to answer 1)“Is the
company's current strateqy optimal in
breadth and depth, grounded by

stated values?” And 2)“are the right

being pursued with the right
prioritization & resources? A
successful outcame will inform and
help shape the company's growth
strategy to achieve its long term

mission.

With both resiliency of extended global supply chain tested by COVID and the
increase in geopolitical risk such as armed-conflicts in Europe, the idea of reshoring
manufacturing capabilities has gained momentum both in popular press and in
studied business decisions. There is interest to look broadly at what the prime
candidates for reshoring are, and such analysis would be more useful when viewed
under established strategy frameworks.

The biggest barrier to the project are data availability and detail sufficiency.
Specifically, global supply chain data availability, cross-source concordance, and
levels of detail proved challenging to find and merge for insight.

The project benefitted from direct support of supervisor and project sponsor as well
as overall company culture of collaboration and openness to experiment.

The key framework that enables project success is the Deming cycle of iterative
development. As the project naturally evolves to maturity, it isimportant to set the
overall framework but allow for room to absorb additional information to supporta
systems level solution on the strategy question.

Macro-data analysis and join of information across sources to form a reshoring
opportunity ranking model that outputs results at a Harmonized System (HS)- 4
code level of detail goes a step beyond traditional studies of reshoring which
typically stays at a generalized characteristic point of view.

A model to enable broad scan of reshoring opportunities at the Harmonized System
(HS) product level to allow for visibility and prioritization when making strategic
investment decisions in labor, assets, or capital. A higher level output will also be
frameworks to inform business development execution with regards to
programmatic pursuits.

Ensure model interpretability and data source traceability.

To be determined once model and output is finalized. Immediate adjacency
applications may include research in support of international trade and industrial
investment decision support.



Product design / development / engineering Product design and testing Rules-based
¥ - T B

R,

Coronary Artery Disease Patient .. .

Identification from Medical Johnson&dJohnson

Records

BUSINESS PROBLEM

Abiomed’s Impella pump is indicated for use in high-risk To support the Abiomed team working on this
percutaneous coronary interventions (high-risk PCl or HRPCI) to

support heart function during the procedure. The company is . .
sponsoring the PROTECT IV trial to create evidence toward a Azl s S e e SRR ey

clinical guideline with Class | recommendation. High-risk PCI obstructive coronary artery disease (OCAD). I'l
itself is an emerging, life-saving clinical option for patients with advance the algorithm'’s ability to identify and
complex coronary artery disease (CAD) that are often not offered characterize OCAD with NLP techniques learned
revascularization or are lost to follow up. Abiomed is building a
screener to support clinicians (specialized in complex PCI
techniques)in identifying eligible patients within their health

problem, | will focus on a specific component of

from regqistry clinical reports. | will also support

the broader problem with comprehensive

systems. population analyses.

DATA SOURCES

Patient data is complicated to access. | will use deidentified
cardiac catheterization reports available to Abiomed in their

cVAD registry. This data will support the narrow focus of testing Patient Complex
text-parsing for the OCAD component. For tackling parts of the Comorbidities Coronary Artery
broader problem, | have access to clinical data aggregators Disease
(limited mostly to structured EMR data) and the tool is piloted at Protected PCI

health systems. Patients

Data Types and Format

Cath reports: ~300 PDFs(scanned document images) which I've
converted to text via OCR. Clinical data: Patient records
accessed via 3rd party data environment and standardized to
OMOP.

Hemodynamic
Compromise

Author: Leah Gaffney 51
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Additive Manufacturing Medical Devices Process Assessment Tool

Sustainability Assessment

Framework for Additive

Manufacturing

BUSINESS PROBLEM

Over the past decade and a half, Stryker has developed advanced | will begin by concurrently reviewing literature

capabilities in additive manufacturing in both metal and plastic on sustainability efforts in AM, current best
materials. They have also begun planning to hit their carbon

ractice and methods, while gathering available
neutrality by the end of this decade. To facilitate reaching these P 9 9

goals, the additive team wants to be able to assess the data from the operations and R&D teams at the

environmental impact of their various technologies and the Angrove site. The research along with advice

products created by them. The goal is to create an analytical from Stryker employees will inform the

framework using the data captured during the manufacturing structure of the framework while the data will be
process to derive a sustainability metric used alongside current

_ L the content.
cost metrics (NPV, IRR, etc.) to evaluate products holistically.

DATA SOURCES

Literstire Ruvien) Framawork
rusturing

Much of the information on the process came from employee
interviews and documentation. For the assessment, the data will

Dasa Collection & Creating teal for
straaemlining ssa i mant

come from equipment output or surveys conducted by the

company, augmented by data from literature.

Drganies output of toal for
decizionemakers. Document ool

functioralty
Validata tool on axameds products
and campars e cutaids softwars
Fimal bael prapared for efficlal e

Data Types and Format

Numerical

Author: Abe Gerzeghier 53



IMPACT

TBD

The framework will give the team

insight into the environmental

impacts of products earlier (although

less accurate) than the current life

cycle assessments they produce. Any

sustainability benefits they can show TBD

over conventional manufacturing will

help differentiate their products from

competitors.
TBD
TBD
TBD
TBD
TBD

TBD




Product design/ development /
engineering

Preemptive variation reductionin

biologic drug substance

manufacturing

BUSINESSPRBBLEM

Sanofi operates bioreactors using two independent probes to
monitor key parameters (e.qg., capacitance, pC02, p02, pH,
temperature). Probe drift can occur, influenced by unclear
environmental or process factors, which can lead to the reactor
to drift outside optimum operating conditions. The project
aims to help operations decide (1) when inaccuracies in probe
data occur, (2) which is the faulty probe, and (3) what underlying
environmental conditions or process history that cause the
probes to drift.

DATASBURCES

Data will be collected from the semi-continuous bioreactor,
including continuous sensor data, discrete quality control data,
batch record data, and raw material data. This diverse range of
data can be accessed by querying various systems within the
company.

Data Typesand Format

The data collected is in the form of timeseries. They comprise
continuous (sensor) and discrete (sampling) data points. The
data will be organized in a table format using spreadsheet
software.

Author: Ismael Guereca Valdivia

Improved process Dimensionality
performance reduction

Multivariate statistical analysis and artificial
intelligence algorithms will be employed for data
analysis enabling targeted identification of
probe inaccuracies and their contributing
factors. The identification will be supported by
modeling and engaging with process engineers
and operators in a pilot plant and manufacturing
operation.

Feryson
cJalurewih call e -
r3tantion 4 Lewnstrasm
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IMPACT

The anticipated outcome of this
project includes the development of
aframework that flags drift in probe
sensor data, decides on the
identification of the inaccurate
probe (from the two-probe
instrumental set-up), and identifies

variables that caused the drift in the
sensor. Process engineers and
manufacturing personnel can then
use this information to(1) keep key
operational parameters within
optimal operating conditions and (2)
identify underlying conditions or
materials leading to probe drift,
allowing for proactively making
improvements to avoid sensor
fouling. This will reduce the
variability in the manufacturing
process.

TBD
BRIVERS
TBD
BARRIERS
TBD
ENABLERS
TBD
ACTIONS
TBD
INNGVATIER
TBD
IMPREVEMERT
TBD
BESTPRACTICES

TBD
STHERAPPLICATIONS




Operations Retail

Planogram Optimization -

Balancing the Trade-off Between

Personalization and

Standardization

]

BUSINESS PROBLEM

Target looks to solve the problem of optimal planogram (POG; the
presentation of an assortment of items in-store) assignment. On
a store-by-store basis POGs are ideally customized to the needs
of guests of each individual store to maximize the local business.
However, there is a labor cost associated with managing each
planogram (designing, reviewing quality, implementing in stores),
and thus a level of standardization is desirable. This work aims to
identify the optimal point of customization, and the associated
downstream financial impacts if implemented.

DATA SOURCES

Operational data is source from Target's internal database
(BigRed 3), extracted via SQL queries. Additional visualization is
done in Greenfield, an internally developed visualization platform.
Additional external data sourced from their MapSpot
geographical database.

Data Types and Format
Time-series and static data(e.qg. daily operations, store
attributes, respectively) consolidated to the relevant time-grain

and extracted via SQL. Data types: binary, categorical, and
continuous.

Author: Matt Habel

Improved process performance

Supervised Learning

N

Using historical data, an item demand

prediction estimates item performance in novel

store scenarios, which enables POG

performance estimation. A constrained

knapsack optimization finds the optimal point of

customization (required number of different
planograms), balancing the trade-off between
maximizing sales and the cost of managing

planograms.

Evaluate current POG
distribution and performance

Model expected POG
performance using past data

\

Evaluate “new” scenarios
across stores

Optimize under operational
constraints + costs

POG Purtioliu Report
o »
$C]

Cupgs
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IMPACT

Placeholder




Improved process performance Linear / Non-Linear

>

Optimizing Multiproduct Drug

Substance Production for

.

Increased Throughput

» ,"l‘ 'l‘ ;“ 1".‘;*- ‘l
.’71’}1}’* A x
: s fzo

-

BUSINESS PROBLEM

The Sanofi Massachusetts Biocampus employs state of the art To increase throughput at current resource
integrated continuous biomanufacturing (ICB) to produce limits, linear optimization will be employed to
multiple drug substances. This new technology allows for improve resource scheduling and to increase
multiproduct production, but its flexibility introduces operational P 9

complexity not previously faced in the industry. Shared capacity utilization. The model will also provide
resources between products makes production capacity difficult leaders with a framework to understand

to quantify. The Biocampus is struggling with a lack of operations and resource needs. Lean principles
understanding of their process capabilities leading to problems will be applied to inventory balancing and
storage techniques to increase material
availability on the production floor.

with resource scheduling, materials planning, and process
variability, all of which have been detrimental to throughput.

DATA SOURCES

Manufacturi
The primary data required is manufacturing data such as the AR

resources and time needed to complete the process. The TeeRRICETS
process must also be divided into a series of steps or operations.
Some of this data can be obtained through Sanofi's Raw Process &
manufacturing systems and process documentation. Other data, il ERilamEnt
such as required technician labor hours per operations, is being

collected via time studies.

Product

Data Types and Format Approach

Inventory, Availability,

The majority of data is collected and stored in excel Raw Materials

Scheduling

spreadsheets. Some data is available for export from the site's Resource Allocation Investigate
Process & Equip. Sschedulin ¢ impact on
SAP system. g e

Technicians Processes, Workflow

Author: Ana Haddad %9



IMPACT

This project seeks to provide a deeper
understanding of multiproduct drug
substance productioninan ICB
facility. Current understanding of unit
capacity considers each product's
process individually, without regard
for the shared resources which all
processes utilize, labor, equipment,
floor space, etc. The gap between
theoretical single product capacity
and true multiproduct capacity has
led to scheduling and planning issues
such as scheduling more daily
operations than resources allow. To
understand the site's true capacity,
the operations will be modeled in two
parts: upstream production and
downstream production. These
models will account for resource
constraints to throughput so that
better decisions can be made. In
addition to the models, optimization
algorithms will be developed as tools
to aid in operations scheduling so that
constrained resources are fully
utilized. In addition to scheduling,
unreliable material planning has
negatively impacted capacity. The
production area has limited space for
inventory and shortages are common.
Material shortage in the production
area frequently causes hours of
downtime. Material delivery to the
suites operates as a push system.
Critical materials will be mapped and
used as case studies for pull system
implementation. The expected impact
is anincrease in material availability in
the production area. Together, the
scheduling optimization and material
planning efforts are expected to

increase yearly production capacity.

ACTIONS

INNOVATION

*

IMPROVEMENT

BEST PRACTICES

»

OTHER APPLICATIONS

n
=,

Test

Test

Test

Test

Test

Test

Test

Test




Product design / development / Improved process Linear / Non-
engineering performance Linear

Creating an Optimization Model

for Hospital Inventory

Management

BUSINESS PROBLEM

The AITA™ Smart System helps hospitals better manage their | will create models using Python and Gurobi to
surgical inventory via three types of devices: Kiosks, Smart automatically design planograms. For the kiosks
Shelves, and Mobile Hubs. Each device has its own planogram, . . . e .

and hubs, | will write an optimization model to

which defines the set of products stocked in each device and the o .
products'locations. Unfortunately, the current process to create maximize the number of surgical procedures

these planograms is manual and time consuming (taking 2 to 4 that can be covered by the devices. For the
weeks). The AITA™ team would like a tool that can automatically shelves, | will write a rule-based model that
create and optimize planograms by determining which products
should be placed in each device and the location of the products
within the devices.

places products according to a set of
constraints(e.g. by grouping similar products
and sorting them by size).

DATA SOURCES
Input Data

1) Preference Card Details: Summary of products surgeons need o s :u::spuau Dlm.:m
for each procedures. 2) Historical Procedure Schedules: List of i Sbittee Data Library
procedures that took place at the hospital historically. 3) — Salleatis

. q ' P Dat
Historical Purchase Data: Products that were bought by the - ropare fea

ilter out unused Remove ineligible
hospital over a specific period. 4) Suture Dimension Library: instnsrnisbrerions o
Sizes of each suture (can be small, medium, or large). o .
Max of 12 Preference cards are
Data Types and Format Gt Rt eI
. products products are in the kiosk
1) Preference Card Details: Structured, text. 2) Procedure & i
Schedules: Text, time-series. 3) Purchase Data: Count, time- Objective i
. . A A . . Maximize # of historical
series. 4) Suture Dimension Library: Categorical, structured, R i O
e by products in the kiosk
Metrics C‘alculated
# of preference #p?fo:':;ﬁ:‘:: ! miﬁ;zmn Analyze

carg: T RC covered by constraints ara

kiosk flexed

Results

Author: Caeley Harihara



IMPACT DRIVERS

My solution will benefit the business
by improving both the accuracy and
efficiency of the planogram creation
process. From an accuracy
standpoint, my models will ideally
produce better planograms than the
ones that were previously created
manually. Each devices has a different

set of accuracy definitions. For
kiosks, accuracy will mean being able
to cover a higher number of total
surgeries using kiosk products. For
the hubs, it means having a higher
coverage of add-on requests for
procedures. Finally for the shelves,
accuracy will necessitate meeting all
the pre-defined rules for sorting
products. For example, items must be
grouped by item type and must be
arranged based on characteristics
such as size and needle shape. From
an efficiency perspective, my solution
should allow for a faster planogram

ACTIONS

creation process. Currently it takes

roughly 2-4 weeks to go through the
process of choosing products for the
devices, deciding the products' order,
and iterating with the clients on the
final assortment and configuration.
Ideally, with this model, the processes
of creating the planograms and
iterating through different designs
will be faster. The model will eliminate
the need for calculating coverage
rates for individual items and for
manually cross referencing the

INNOVATION

IMPROVEMENT

planograms against each design rule.
It will also allow the team to quickly
implement one-off inventory requests
from the clients such as removing a
particular product or making a
substitution.

BEST PRACTICES

OTHER APPLICATIONS

The current process to create planograms for AITA™ inventory management devices
has its challenges. The planograms are currently created manually, making the task
time consuming, necessitating frequent iterations, and often leading to imperfect
results. So, the team needs a model that can address these challenges by enabling
fast, automated planogram creation, easily adjustable parameters, and optimized
results.

The largest barriers to the project have been implementation and integration into
existing workflows. Now that the kiosk model is complete, it must be incorporated
into the team's existing systems to ensure it is actually adopted. This will require
linking the model to the central data repository, as well as reformatting the outputs
so they can be directly fed into existing dashboards and visualization models.

One of the best enablers for this project was my team's well-documented and well-
organized data management system. My team keeps clear logs for every piece of
relevant information including input datasets, business rules for inventory
management, and logs of past planogram design attempts. These records, and my
team's frequent support, ensured that | was able to access the data needed for my
project, as well as understand how to use it.

| made my solution more adaptable and easier to use, so that it could be more easily
adopted by the data science team. On the adaptability side, | created dozens of
mutable parameters that would allow the team to change factors such as the size of
the device, the time period to consider, and the types of products to include. | also
created a single Excel file that can control every parameter, so that the code itself
does not need to be updated.

My solution combines optimality with practicality. From an output quality
perspective, it uses the software package Gurobi to generate optimized product
selections. Then, from an ease of use perspective, my model automates many of the
more tedious aspects of the planogram creation process. It cleans the input data
files, pulls parameters from a central Excel, formats the output into an easy-to-
digest visualization, and analyzes the results.

From an accuracy perspective, my model's planograms provide higher coverage than
handmade solutions. For my team's largest account, the model's kiosk planogram
covered 78.2% of all procedures (compared to the 73.1% coverage rate of the
manually-made planogram). Furthermore, my model is more efficient than the
current process. It takes a week to design a kiosk planogram by hand, while my
model can be run in a couple of hours, start to finish.

| found it helpful to break the solution into smaller steps. For example, | have two
separate kiosk models: one to choose the planogram's products, and one to place
the products in the kiosk. An optimization model cannot perform both functions
simultaneously, so they needed to be separated. From there, it is helpful to
rigorously test the model with corner cases, and to validate the results with as many
team members as possible.

Within the medical space, the model can be used for general hospital inventory
management by selecting products that are not even eligible for AITA™ devices. It
can also be used on inventory problems in other industries. In the retz:! sector, it can
stock products to maximize the coverage of customers' orders.



Operations Agricultural products and processing
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Product/SKU Analysis,
Rationalization, and

Optimization
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BUSINESS PROBLEM

IronCraft, an LFM portfolio company, is a high growth company
that specializes in manufacturing skid steer and tractor
attachments. The total number of stock keeping units (SKUs) has
exponentially increased, to the order of millions of independent
product offerings, which introduces variability into their
manufacturing operations. This project is scoped to perform a
SKU rationalization analysis and provide an optimized product
offering list to support the overall growth of IronCraft. Beyond
the SKU rationalization, there will be a focus on implementing
Lean principles within operations for the company’s top selling
product families.

DATA SOURCES

IronCraft recently adopted a new ERP system, Epicor, to track
parts and materials purchasing, orders and sales, production
jobs, cost accounting, and shipping. This data can be queried
and exported into excel files to be analyzed. IronCraft currently
uses Power Bl to evaluate large subsets of data which will also be
used for this project to make decisions about its product
offerings.

Data Types and Format

The data from Epicor is exported into excel spreadsheets and
analyzed using Power Bl data visualizations. For
operational/production improvements, time series data and
video were collected.

Author: Heidi Hatteberg

Inventory management / control
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Discrete / Continuous

™=
L 4

Strategy alignment is the first step to this
problem by using a qualitative and quantitative
approach to determine an optimized list of
SKUs. Production operations can then be
stabilized for those set SKUs by employing
standard work and a quality management

system to reduce lead times and rework. Finally,

productivity improvements will be made by
reducing waste and increasing profitability.

Strategy Alignment ﬁ
Froduction Operations Stabilization ﬂ

* Recuce vir abllity while st Productivily

mectirg proguct demand
* Cremts Vsl for various Improvements
stakeheldors
= LEm roniCraaft * IdenTfy Faps ‘nvalue
* Dealers stream
+ Custarners = Create wark

+ Evalate Aewari
deductions
* Paint

* Bwaluate planned work vs.
out-of sequence requasts
= Reduce WiIE/Inventary
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IMPACT

The tool created for SKU
rationalization will help leaders make
data-driven decisions to help leverage
LFM's portfolio company synergies
and drive value to IronCraft and LFM.
The optimized product mix will help

reduce inventory costs and overall

footprint while also improving the

overall value stream. Reduced SKU
offerings will foster efforts in
improving operational efficiencies
and quality by driving standard work
through high-moving products.
Additionally, by optimizing IronCraft's
product mix, the dealership network
and end users will be better served by
having the right product on site, ready
to ship, and ready to . This
improves sales opportunities and
helps the customers complete their

tasks on time.

Implements are designed to accommodate farmers with different farm sizes, soil
types, crops, season, etc. so there are many types and variations of equipment
created to fit each individual farmer's needs. However, this creates a high product
mix that adds variability and complexity to its operations. Performing a SKU
rationalization will help improve the overall value stream of of IronCraft's current
manufacturing operations.

While there was significant data to support the argument for a SKU analysis, there is
also a qualitative piece to the analysis to ensure IronCraft's value to the industry.
Customers, dealers, and sales representatives may have strong opinions towards
specific SKUs over others that are rarely unanimous. Aligning everyone with
IronCraft's vision to reduce SKUs to improve the overall growth of the company is the
main barrier of this project.

IronCraft/LFM and its leadership has been very supportive of this project as they see
and understand the need for reducing variations and customizations to add value
back into the company.

After collecting the data to develop an initial design of the tool, | created use cases
to begin the conversations around product mix and SKU rationalization. To
complement this quantitative approach, | hosted several workshops with key leaders
and decision makers (operations, manufacturing general managers, marketing,
engineering) to add anecdotal information to develop a finalized list of product
offerings.

Considering that IronCraft has not had this level of visibility to their data, making
this tool dynamic so that decision makers can interact directly with the data and
make strategic decisions is very innovative for them. The decisions made using this
tool also impact their overall value stream and streamlines their operations potential
to be more lean and efficient.

Using this tool, we will be able to reduce IronCraft's inventory costs and overall
footprint for both parts and finished goods (currently about 4.5 acres of inventory
storage). Furthermore, by removing the variability across SKUs and focusing on the
standard offerings, IronCraft will be able to improve their productivity and quality
through 55/Lean activities.

To better implement and replicate this solution, it would be a best practice for the
ERP system to have a product hierarchy and standard nomenclature for SKUs
offered. It is very difficult to automate aspects of this tool and analyze the data from
different groups/angles due to data fields missing or not used the same across the
various companies and product families.

This SKU analysis tool could be used in various types of retail industries that offera
larger product mix to consumers. It could also be used to track orders and analyze
consumer habits to improve forecasting for the seller/manufacturar,



Industrial Engineering Automobile manufacturing Cycle time optimization Discrete / Continuous

Manufacturing Bottleneck

Analysis

BUSINESS PROBLEM

A primary leadership objective at the Nissan Smyrna Plant is to The approach thus far has involved learning the

obtain new business for the plant(i.e., plans to build vehicles at vehicle production process at the Smyrna plant,

the plant), which requires strong performance and continuous

: : . . identifying KPIs for the plant, and understanding
improvement in key metrics such as man hours per unit and cost

per unit. This project aims to drive continuous improvement in production parameters that influence those
these metrics through two primary objectives: 1. To develop a KPIs. The approach going forward will be to link

formal understanding of production efficiency at the plant as data sources, investigate data trends, leverage

driven by relationships between vehicle production work trends to model production efficiency, and

content, man hours per unit, and labor cost per unit; and 2. To

leverage the model developed in (1) as a means of identifying Gl ) Gl sl el

production bottlenecks. production bottlenecks.

DATA SOURCES

Product information guides containing vehicle trim package

structures and option content; standard manufacturing times for

vehicles produced at the Smyrna plant; historical headcount

allocations by production area; historical planned and actual

production rates; historical defect, downtime, and pullcord data

Data Types and Format

Nissan Rebalancing System (NRS), Microsoft Excel

Author: Cameron Hoffman 65



IMPACT

To be added at a later date.

To be added at a later date.

To be added at a later date.

To be added at a later date.

To be added at a later date.

To be added at a later date.

To be added at a later date.

To be added at a later date.

To be added at a later date.



Product design / development / Transportation and Product design and Natural language

engineering logistics testing processing

Amazon Delivery Service Partner

Digital Focus Group Product

m .

i .4
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BUSINESS PROBLEM

Amazon has an increasing need to improve the overall This problem will be approached using Design

artnership experience with its internal customers, the Deliver o - .
B . PIEXp ) o . . y Thinking methodology, where collaboration with
Service Partners. Despite employing diverse listening

mechanisms, the company struggles to derive actionable stakeholders, customer empathy, ideation, and

feedback for program leaders. The existing approaches fail to prototyping will be performed alongside the

effectively translate gathered data into tangible insights, application of Natural Language Processing
hindering decision-making and inhibiting the company’s ability to tools. Through iterative testing, insights will be

respond promptly to its internal customer needs and : . .

: . L : refined, empowering program leaders with
preferences. Resolving this issue is critical to enhancing )
program effectiveness, improving customer satisfaction, and actionable customer feedback to enhance

maintaining a competitive edge in the market. overall satisfaction.

DATA SOURCES

Empathize | Define | Ideate Prototype ] Test

-

+ Listen 1o Cuslomer - Defne Dbjecinves » De2mine A0'cah - Dewelop Modict + Degloy MeoN

Amazon: Customer interviews/feedback, social media, survey

comments, monthly CSAT score . k

Data Types and Format

* wyzc Ol vions + Cotlact D3ta » Deign Acbiledue + Cream Evahalcn - Callect Feabuack
Unstructured text (Text/JSON): survey responses and feedback RS RmewsEEctebiesir e R
Numerical data(Excel/CSV): ratings, scores, CSAT trends
Categorical data(Excel/CSV): multiple-choice responses,
demographic information

67
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IMPACT

By leveraging diverse data fram
surveys and pretrained NLP models,
the solution enables improved survey
interpretation which drive actionable
insight generation. This will empower

Amazon to make informed strategic

decisions to align program
requirements with internal customer
needs, resulting in heightened
customer satisfaction and improved

program effectiveness.

The catalyst was Amazon's recognition of a persistent challenge in translating
gathered data into actionable feedback with the presence of an evolving artificial

intelligence landscape. Improved NLP tools, advanced sentiment analysis, and deep
learning capabilities sparked innovation and actions towards the solution.

Adapting NLP tools to Amazon's specific needs may pose technical hurdles in
extracting insights from unstructured data. Some stakeholders within the
organization may be accustomed to traditional feedback methods, resisting change
with artificial intelligence techniques. Lastly, designing a focus group product will
require iteration and may not immediately yield tangible results, requiring patience
from the stakeholders.

Adapting NLP tools to Amazon's specific needs may pose technical hurdles in
extracting insights from unstructured data. Some stakeholders within the
organization may be accustomed to traditional feedback methods, resisting change
with artificial intelligence techniques. Lastly, designing a focus group product will
require iteration and may not immediately yield tangible results, requiring patience
from the stakeholders.

Solution has not yet been implemented but actions will include development of
prototypes using available AWS tools and models, customer feedback data, and
integration of existing data system. The solution will also include iterative testing
and regular feedback from program leaders.

Innovative aspects of the solution will be centered around the combination of
human-centered design methodology with advanced language processing. The
utilization of Natural Language Processing for sentiment analysis, topic modeling,
and extracting actionable insights from unstructured text data will be a significant
leap from traditional methods that required human analysis of large amounts of
feedback.

To be determined, but the solution is intended to enable Amazon fleet program
leaders to respond faster to internal customer needs resulting in improved customer
satisfaction scores.

Regular feedback loops with stakeholders and end-users are essential to tailoring
solutions intended to generate actionable feedback.

An NLP-powered solution can be employed to analyze customer feedback across
various channels, including surveys, social media, and focus groups. Sentiment
analysis, topic modeling, and text summarization techniques can unveil nuanced
customer sentiments and recurring themes which can then be tailored to generate
strategic insights.



Operations Inventory management / control Deterministic / Stochastic
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Predictive Modeling for Ethicon

Endo Supply Chain
' -

BUSINESS PROBLEM

J&J are committed to delivering life saving medical products to The project will follow the J&J DRIVE (Define,
patients around the world. In order to deliver on this promise, Retrieve. Innovate Visualize Effectivity)

J&J is investing in digital products to help ensure a reliable gl : q ;
'S INVESHING IN CIgItal products o NIEp ensure aret methodology for digital projects starting with

supply chain. Over the last few years, the industry has faced . ]
supply chain disruptions due to Covid, geopolitical tensions, process mapping of the supply chain to

climate events, regulatory change and more. These challenges understand the current state of operations.
are compounded by an increasingly interconnected, global Next, an analysis of historical data will inform an
supply network. This project will focus on the question: How do inventory optimization model. This will be used
we predict and prevent a supply chain risk before it becomes a . . .

. P . P PRY to simulate the effect of different events in the
disruption?

supply chain.

DATA SOURCES
J&J is rich with data, however the multitude of data storage and ﬁ
reporting systems can pose its own challenges. Some datais ﬁ & “ !! | !! E :.;
provided from contract manufacturers on a manual basis, other —_— =
data is stored in raw format in a centralized data lake, and other ﬁ

data is already curated in the form of dashboards and reports.

Data Types and Format

The majority of data is stored in tables in Excel spreadsheets or
accessible via a SQL database.

Author: lan Kleinemolen 69
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Operations Aerospace and defense Improved process performance Auto-encoders
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Using 3D Deep Learning to

Deliver Quoting at Scale

BUSINESS PROBLEM

J&E is interested in building a digital platform capable of Create and train a multi-stage deep neural
shortening the manufacturing cycle on complex machined network, that will ingest historic 3D part models,
components from manths to weeks. A key issue is their inability .

_ , process through organized parallel layers,
to accurately predict manufacturing methods and expected

costing at scale. The current quoting process is all manual and concatenate with other applicable data pulled

heavily reliant on executive leaders with decades of experience from the enterprise resource planning (ERP),

in the industry to make these ass 1ients based on tribal then provide separate regression and

knowledge. To continue growing, this process must be digitized classification outputs. The trained model can

and integrate disparate data sources to generate these
then be used for the new quoted parts.

recommendations more efficiently. This will also enable better

machine resource allocation planning.

DATA SOURCES

The primary sources of data for the project came from machine
part files and historic records in the recently implemented ERP.
The researcher had to scrape much of the part and tool data
from the company shared drive, while obtaining historic cost
data through SQL pulls.

Data Types and Format

3D part data used was in the form of .stp, .step, .stl, .iges files, Quoting Engine

processed into point clouds and voxel grids. Historic costs were =
pulled from the ERP using SQL and stored in CSV files. J\} —| .
P s=e.—— B '/' = "\_
Estimated BOO: | / Estimated Costs: \
Op 10:Saw Labor Cost: $5,280
Op 20: Lathe Burden Cost: $412
Op 30: Heat treat Material Cost: $3,208
Op 40: Mill 3-axis Subcontract Cost:
Author: Ryan Kochert Op 50: Mill 5 axis $1.237
Op 120:Inspection | | Tatal Coet €10 137




IMPACT

There are several common
bottlenecks in the manufacturing

pro ycle between most job
shops across the US. One of these
commonalities is the ability to quickly

triage requests for quotes (RFQ),

identifying those that fit the
capabilities of the company, as well as
determining how long it may take to
make that part. The impact of this tool
will be determined after fully
completed and integrated.

The high precision CNC machining industry requires a tremendous amount of
knowledge and expertise in the field to accurately predict the operations and costs
of a future job. Many job shops hit an upper size limit not based on shortage of work,
but rather capacity in key areas of the shop. One of those areas is quoting capacity

and expertise, since that can typically only be learned through repetitions and time
at the job shop.

Working with spatial data in deep learning is difficult, as it exponentially increases
the potential inputs the model could encounter. Typical deep learning models using
convolution layers adopt basic data augmentation strategies to make the model
more robust. The increased complexity of an additional dimension tends to
decrease model performance drastically. As well, standard data formats for CAD
files and ERP data cleanliness were challenges.

TBD

TBD

TBD

TBD

TBD

TBD
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Enabling end-to-end temperature

monitoring for cold chain

pharmaceutical product

BUSINESS PROBLEM

Emerging pharmaceutical products at Janssen, such as gene
therapies, require ultra-cold temperatures throughout the supply
chain to maintain safety and efficacy of the product. The
business is aiming to develop a monitoring approach and digital
solution to improve decision-making to release a product to a
customer based on its temperature exposure throughout the
end-to-end supply chain. The project will focus on defining the
requirements and solution for temperature monitoring for a new
temperature-sensitive product, to mitigate risks of temperature
exposure and improve management of excursions in the event
that they do occur.

DATA SOURCES

Real time temperature data for select lanes, historical
temperature excursion and product disposition report, and
customer temperature inquiries data

Data Types and Format

Time series temperature sensor data, CSV extracts from Quality

Management systems

Author: Jessica Lee

Improved process performance Rules-based

| will first assess the current state systems and
processes for managing temperature. Then, |
will identify the drivers of temperature
excursions and outline the necessary data and
analytics to improve management. | will model
the tradeoffs between cost and performance of
the system. Finally, | will synthesize the findings
and propose a solution for temp. monitoring for
the new product.

o Assess gaps in temp.
monitoring

+ |dentify causes of temp excursions
* Analyze gaps in data, tech, processes

o Define requirements

+ Define reference scenarios
+ |dentify data, analytics to mitigate risk

o Analyze constraints & tradeoffs

+ Analyze cost of failure and model tradeoffs
between cost & performance

o Recommend solution design

+ Synthesize requirements and plan
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Sales Energy Customer service / connectivity

A Strategic -Ro'ad'map for the
Decarbonization of U.S. Freight
Rail

BUSINESS PROBLEM

No viable options presently exist to address Scope 1 emissions The approach to the project will be based on the
(from sources owned by the company) for the freight rail principle of iteration and failing fast. Most

transportation industry, particularly in locomotives. The primar . . i .
P LSt P ¢ ves. Thep y stages of the project (outlined in 2b) will be done
drivers are gaps in battery technology and availability of near-

zero emissions green fuels (i.e., hydrogen and renewable diesel). more than once to ensure that new knowledge
A roadmap is needed to decarbonize this industry from now to and inputs are being properly reflected in the

5-Mears from now when technology catches up. NextEra Energy work and will propagate to the final deliverable.

Resources would use this roadmap to engage with and transition Below is the outline of different components of

their clients to lower-emissions energy sources. .
the projects.

DATA SOURCES _
Iterate and refine

» - b . st

Given that the project is focused on a strategy, there will be a
large amount of data collected through conversations with G e o
stakeholders. Stakeholders include subject matter experts F—
within NextEra Energy Resources® and the freight rail industry. — cetomer

Additional data will be collected from public sources that 3 i
document financial and statistical performance information on i
US freight rail. S— meceing

evaluation

—— —

Data Types and Format

Through stakeholder conversations data will be collected in the
form of notes. Financial data is presented in Excel spreadsheets.
Statistical performance datais presented in Excel spreadsheets.

Author: Ben Lerman &



IMPACT

A robust understanding of the U.S.
Freight Industry would allow for
increased market intelligence for
NextEra Energy's sales organization.
Recently, NextEra Energy Resources
has been increasing its energy
solutions portfolio for commercial and
industrial customers, including for
U.S. freight rail companies. NextEra
Energy Resources has discovered that
the U.S. freight industry cannot be
decarbonized using the traditional
products that it has been selling. For
this reason, it was decided that
increased market intelligence of this
industry would identify pathways for
NextEra Energy Resources to play a
part in the decarbonization of the U.S.
freight rail system. This project would
provide this knowledge to NextEra
Energy Resources to be able to
strategically engage with rail
customers and realize their

decarbonization goals. In total, sales
to the U.S. freight industry could bring
NextEra over S50 billion in revenue
over the next 25 years.

ACTIONS

INNOVATION

4

IMPROVEMENT

(=

BEST PRACTICES

»

OTHER APPLICATIONS

m
-,

There are several key drivers that were identified that impact NextEra Energy
Resources and its customers. First, NextEra Energy Resources' commercial and
industrial sales teams is looking to continue to grow its offerings outside of wind and
solar builds and power purchasing agreements. Second, freight rail companies are
facing new regulations that are forcing them to reduce their emissions profile.

The sales process prohibits me from speaking directly with freight rail companies.
Further, the organization is so complex, it takes considerable time to find the right
contacts. Finally, no precedent has been set for reducing Scope 1 emissions from
current customer engagements.

Support was provided by some members of the organization to leverage their
external connections for stakeholder interviews. Additionally, the summer followed a
structured schedule that concluded with a presentation given to the top executives
in the company.

| have created a financial analysis to understand the total cost of ownership and NPV
of a rail company purchase of a new locomotive. The locomotives analyzed were
switcher and line haul locomotives powered by either diesel, battery electric, or
hydrogen fuel cell. | also summarized my findings in a final presentation given to my
team and top-level executives. Further, | have initiated discussions with locomotive
manufacturers in the U.S.

One aspect is the estimation of rates at which different locomotive technologies are
being adopted, as understood through technological readiness, net present value,
and total cost of ownership. Additionally, part of the solution is to explore the
creation of a joint venture between NextEra Energy Resources, a locomotive
manufacturer, and a fueling infrastructure company.

The solution provides substantial market intelligence including financial analysis of
locomative technologies that ultimately creates a roadmap for NextEra Energy
Resources executives. Once executed, this should provide additional revenue over
the long term.

To continue having conversations with all stakeholders and updating the roadmap
accordingly. The strategy is meant to be executed over the long term, so there will
be new inputs that, when applied to the roadmap, can change its course.

Governments and rail companies could use the information to have a better
understanding of the pathway to decarbonizing freight rail.



Analytics Energy Industry Green Hydrogen

-

Flexible Load Control for Green

Hydrogen Plants - Selling
Hydrogen Molecules vs

Electrons

BUSINESS PROBLEM

In |ight of the rece I’1T|}’ passed Inflation Reduction Act (IRA), A green hydrogen p|ant uses renewable power

energy companies are looking to establish a presence in the and conventional grid power to supply energy to

green hydrogen sector. Although there is an increasing demand

for green hydrogen, pre-IRA production costs surpassed those of B e

conventional gray hydrogen, resulting in constrained market generation is sold to the grid. Thus, there is
share for the green variant. The IRA incorporates production tax always an opportunity cost to producing

credits (PTCs) to mitigate the costs, expanding opportunities hydrogen: the cost of energy. By strategically
within the green hydrogen sector. Prompted by the incentive,

throttling electrolyzer load in response to power

energy companies are devising strategies to effectively compete

in this quickly growing market. prices, hydrogen producers may optimally

monetize both hydrogen and energy.

DATA SOURCES
(1)Historical power prices from Yes Energy (Generation Electrolyzer\
(2) Historical wind and solar net capacity factors(NCFs)froma O
private database (similar datasets from National Renewable +] |-
Energy Laboratory) _R_"’EE&V;Q_;’l%
(3) Simulated/forecasted power prices with wind and solar NCFs
from a private database (similar datasets from Wood Mackenzie \ l
and Ventyx) Energy Se
sale l AP
Data Types and Format ( &

Time series, 1hr granularity

\_ Grid Y, \Customer/

Author: Brandon Meehan "
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Predictive forecasting Graph-based neural networks

Product Marketing

Aerospace and defense

| -

Sustalnable Awatlon Fuel Travel

Demand Elast|0|ty Study

)

BUSINESS PROBLEM

Sustainability is rapidly becoming a key requirement, and
potential differentiator, in commercial aviation. This project will
examine the current state of the art of quantifying and valuing
sustainability measures in aviation. The main strategy to
decarbonize aviation is to use sustainable aviation fuels (SAF)to
lower emissions. Consequently, airfare may increase despite
subsidies from government regulations since SAF is significantly
more expensive than fossil fuels. This project will focus on the
consumer’s willingness to pay the SAF “green premium” and its
impact on travel demand.

Boeing has access to flight fare and operational
data, which will be enhanced by integrating
other indicators such as GDP, population, oil
prices, and more, in the process of constructing
a machine learning model for predicting air

travel. This model aims to estimate the
elasticity of travel demand in relation to price
fluctuations based on historical data.

DATA SOURCES

Data Types and Format

/ Sustainability mapping

- ﬂ\
/ Research in Aviation ‘ stakehalder \
\

Data gathering \ /-" ]

v \ / .llll
Data analysis \ / /

\f
h 4 i
Synthesize Gather feedback

from Boeing / MIT

preliminary results

Author: Mark Membreno

kL

v

Develop

optimal

strategy and visual
dashboard
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IMPACT

This research is expected to reveal
insights of how increases in airfare
due to SAF could affect air travel. By
identifying and quantifying which
passenger segments, routes, and
regions are more inelastic, Boeing can
determine which groups are more
willing to absorb fare increases. This
research will help Boeing engage
various stakeholders around SAF
policy, regulation, and adoption.
Ultimately, this will help Boeing lead
the efforts to strategically scale up
SAF adoption in identified markets
while understanding the potential
impacts on revenue and demand. The
deliverables will be a calibrated model
to predict air travel demand based on
various factors such as region, route
length, world oil price, SAF price, etc.
The model can provide an optimal
strategy to scale up SAF with the
objective of maintaining a healthy air

travel system against the constraint
of net-zero by 2050. Furthermore, an
interactive Tableau dashboard with
sliders can be developed to explore
sub-optimal but feasible scenarios to
scale up SAF when talking with

various stakeholders.

ENABLERS

ACTIONS

INNOVATION

¢

IMPROVEMENT

BEST PRACTICES

»

OTHER APPLICATIONS
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Operations Aerospace and defense Improved process performance
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Reducing Cycle Time Variability

Aerospace Machined

Components

BUSINESS PROBLEM

Blue Origin is a private aerospace company working to increase Blue Origin has an extensive amount of data

access to space through reusable rockets. A focus area of the from their engineering and manufacturing

company is to vertically integrate the production of rocket )
. . . : s processes. The data will be used to understand
engines, including the manufacturing of individual components:

many of which require high precision machining. As such, great machine shop operations and how parts are

investments have been made to increase in-house machine shop introduced. The goal is to identify pain points,

capacity. With four (4) engines in different stages of the bottle necks and sources of variation. Lastly,

development lifecycle, the machine shops currently operate as root cause analysis will be conducted to identify

high-mix, low-volume job shops with high variability in lead times . .
: the sources and contributing factors to the
and cycle times.

business problem.

rmulatio nal %
Blue Origin captures its engineering, manufacturing and quality e — . e
o= 5 - " o ul o Ll airid Root Cause
data digitally and maintains a cloud database. Processes and .+ Data diven prolen s
sokiction | - Process sasysis | |
decisions are captured in meeting minutes, memos, and — ~ Siratogy sgrenent
. ve Problem relevence - GEMEA o Machme Shops |
command media. BT _
Data Types and Format 7 - Undaied Syslom
‘ - Fiahibane Deagrams » ;mnmm
Engineering and manufacturing data can be accessed with SOL | L _
queries. The data is captured as lists and can be processed using ’ e Ry
P o o [ _Best Praciices |
* Inberwn Qomls .
Python or Excel. [ Monwn b Tk ——
T+ Command Media
5 . Sl COMmQBnES and stacent
ndusines
 Publshed Tameworks
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Product design / development / engineering Fusion Energy Product design and testing
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Fusion Reactor Maintenance

Design Using the Design
Structure Matrix and Radiation

Transport Modeling

BUSINESS PROBLEM

Recent developments in High Temperature Superconducting Using the Design Structure System, | will create

magnets allow a novel, compact fusion reactor design, ARC, : e
) ) ) - ) a comprehensive approach to designing the
which will achieve positive energy production. However, a key to

commercial success lies in the ability to rapidly replace maintenance for ARC. This approach allows the

components damaged during normal operation. Particularly, the mapping of variable co-dependencies and
Vacuum Vessel, at the core of the reactor, becomes highly methods to continue designing despite

radioactive and must be replaced. The purpose of this project is uncertainty in exogenous inputs. | will then

to scope the maintenance concept for ARC, ensuring that major ) . )
) conduct a rigorous analysis of one variable, the

trades are understood to allow future down-selections and to

model the maintenance outage radiation environment. shutdown radiation environment, using the

rigorous two-step method in OpenMC.

DATA SOURCES

o o N - 0 Background Demountable Radiation H;:toldul Demountable Rigorous Twio-
Data sources for this project consist primarily of company Research vacwmseas | tardeing [ S0t M hpagneis | stop odeling
T i

research and development onreactor operating conditions and

the CAD model. From there, | will generate the radiation
transport models to conduct the analysis. Additionally, research
onthe academic literature will provide data to assess different i

design tradeoffs.

Data Types and Format

Existing CAD models of the reactor, known properties of the
materials under consideration, and known plasma physics et

outputs are the data for this project.

Deliverables

Endo
Internshic

Future ARC
Maintenanee
Veork

83

Author: Dan Murphy



IMPACT

The result of this work will be twofold:
first, to define the tradeoffs

associated with fusion maintenance

and, second, initial modeling of the

radiation environment during
maintenance. The impact of the first
result will be to identify and sequence
studies, work, and decision points in
the design of the reactor as it applies
to maintenance and as maintenance
decisions apply to other design
considerations. This will serve as the
roadmap for future work in ARC
maintenance design work. The impact
of the second result will be inputs for
requirement development. It is
currently unknown what the radiation
environment will be for the remote
handling robotics. Once that is known,
design work can continue, cost can be
estimated, tradeoffs considered, and
requirements set.

A commercial fusion power plant needs to maintain a high capacity factor to be
financially viable. Therefore, the timeline of the outage must be minimized. If the
reactor is designed without maintenance in mind, the outage duration will be longer
than necessary. To ensure viability, maintenance must be a design consideration
from the earliest stages.

The largest barrier to the project is the nascent stage of the industry and the effort
within the company itself. Almost none of the proposed actions have ever been done
before, especially not on the timeline considered. The problem set was, therefore,
undefined and nebulous. Adding clarity was made additionally difficult by short
history of the team itself and other challenges with poorly defined requirements.

The company's prior (and ongoing) work on its prototype, SPARC, enabled my work in
some cases because there were limited parallels to my work. Additionally, my
supervisor provided me a broad mandate but limited guidance which allowed me to
explore multiple areas of the literature in an attempt to find all variables relevant to
maintenance.

The Design Structure Matrix will guide future maintenance design. Co-workers at the
company are familiar with it and will continue the work beyond the internship.

This application of the DSM to fusion maintenance is the first time such a process
has been done in the field of commercial fusion maintenance. Future fusion efforts
might benefit from the same variable identification, relationship mapping, and

sequencing.

TBD

When confronted with a brand new problem set and serious ambiguity on how to
proceed, the more time spent on literature review the better. In haste to show
progress, many, myself included, many will start down a path too soon only to find
out it's been tried or isn't relevant. A slower process of gathering information on
previous efforts ensures a comprehensive approach on something actually usable.

The approach is an example of Design Structure Matrix application to a complex
design project. Anyone facing a similar problem set could learn from how it has been
applied here.
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BERT-Driven Siamese Networks:

Next-Best Article

Recommendations for Enhanced

Self-Service

BUSINESS PROBLEM

AWS Support is presented with a great business opporunity:
making customer self-service journey more efficient across its
digital content platforms. Despite AWS Support's offering of a
vast array of educational content, customers often struggle to
find relevant solutions in an efficient and timely manner, leading
to increased case escalations and reduced satisfaction. The goal
is to enhance the self-service digital experience by offering
customers a streamlined journey, leveraging machine learning
driven recommendations based on content that customers
already visited in a journey, reducing case volumes and elevating
overall user satisfaction.

DATA SOURCES

Datais collected by AWS Support's digital platforms, capturing
customer interactions with support content without the ability to
identify the customer identity. All the interactions are captured
in touchpoint format, a set of features that show the type of
interaction a user had with the platform. All the touchpoints are
saved using a batch process which stores them into a RedShift
Cluster.

Data Types and Format

The collection of touchpoints is stored as table with fields
containing information about these user interactions. The fields
are of type String, Int, Float, Bool or Datetime.

Author: Teodor Nicola Antoniu

We will utilize a Siamese neural network, a
specialized ML model that compares two inputs.
Here, one input is a customer's already visited
journey, and the other is a potential next article.
By transforming articles into numerical
embeddings using BERT, we determine how
similar the potential article is to the current
journey. The most relevant articles are then
recommended.

Exmmple: AWS Support Self-Service Costomer Journey assisted by our Smart Recommendirtions Modet

I wanta Chatbot to answer | just learned about Dklahoena City Lniversity e can integrate
fuestions about LGO AONS Lex uzes chatbets! Lex with & ‘Website!
i
doap
That s what | need Recormmend “Getting That'sit, | need help. Mice article but
to rzad! Started with Lax"! I'll apen a tickat where do | start?!
¥
Target

Touchpained  Touchpoint®  TouchpeintC Touchpoint

4 4 4 [
i \
H i
- . A
S cosine-simlu, v) ST
Content —— Content |
Summarize Y ¥ Summarize
Content Content
"—' poaling pooling
BERT HERT 851
* ]
Sentence & Sentence B —— Sentence B

Sentence &

Proposed Recommendations Syster Architeciure



IMPACT

The implementation of the BERT-
driven Siamese Networks for article
recommendations is anticipated to
revolutionize the self-service journey
for customers interacting with AWS
Support's digital content. Immediate
impacts include: 1. Enhanced User
Experience: Customers will
experience a seamless journey,
directed towards relevant articles
based on their prior interactions,
eliminating time-consuming searches
and the associated frustrations. 2.
Reduced Case Volumes: By guiding
customers to the most pertinent
solutions, the need to escalate issues
to customer support will diminish.
This not only saves costs related to
case handling but also reduces the
workload on customer service
representatives. 3. Increased
Engagement: Providing precise,
relevant content boosts customer

confidence in the platform, promoting

prolonged engagement. 4. Optimized
Content Strategy: The insights
derived from the recommendation
system can offer valuable feedback on
which articles are most effective,
allowing content creators to refine
their strategies, ensuring the
continuous improvement of the
support material. 5. Financial Savings:
A reduction in escalated cases
directly translates to fewer resources
being allocated to handle customer
queries. 6. Scalable Solution: The
model can continuously learn and
adapt. As the content library grows
and user behavior evolves, the system
can be retrained to keep
recommendations relevant, ensuring
it remains effective over time.

DRIVERS

BARRIERS

With the post-COVID era seeing a marked shift towards digital self-service,
there'sa need to guide users efficiently across AWS Support's thousands of
supportresources, Furthermore, the global trend towards data-driven
personalizationmeans today's users expect tailored experiences. Meeting
these needs ensures enhanced customer satisfactionand support
infrastructurescalability.

The project faces several barriers. Customers engage with AWS Support
platforms with a broad array of intentions, from browsing to troubleshooting
or research, leading to diverse journey patterns. Moreover, our data captureis
limited as we're unable to track interactionsoutside of AWS, leading to gaps
in customer journeys. The absence of a system that offersreal-time journey
data adds complexityto productiondeployment.

ENABLERS

ACTIDNS

»

INNOVATION

IMPROVEMENT

The steadfast support from our adept Applied Science teams proved
invaluable, bringing technicalacumen to the table. Active involvement from
stakeholdersensured alignment of our objectives with broader business
goals. The AWS Support product teams also collaborated with us, aiding in
practical integration. Proactive managerial support was instrumental.

To implement the solution, | first undertookrigorous exploratorydata analysis
to better understandthe dataset'snuances. Key preprocessingsteps were
then mapped out, followed by conceptualizingthe model architecture. To
ensure structured progress, the project was segmented into tangible
milestones, focusing on curating a 'golden’input dataset pivotal for training.
Lastly, robust evaluation criteria and success metrics were established,

The solution'sinnovationlies in its novel application of Siamese BERT
networks for recommendationwithin support content. Unlike traditional
systems, ours leverages sequential content interactions, capturingintricate
user behavior nuances, By representingarticles as embeddings, we address
content size variability, ensuringmodel consistency.

The solutionis anticipatedto increase case deflections by guiding customers
to pertinent content more efficiently. The proposed model aims to shorten the
average customer journey length, enhance content engagement and
positivelyimpact overall user experience and support metrics.

BEST PRACTICES

OTHER APPLICATIONS

To replicate this solution’s results, ensure a clean and comprehensive dataset
that accurately reflects user journeys_Utilize thorough exploratory data
analysis to identify patterns and anomalies_ Engage in consistent
collaborationwith stakeholders, ensuring alignment with project goals.
Design a robust preprocessing pipeline for diverse content lengths.

Our solution's emphasis on sequentialityoffers rich applications, especiallyin
shaping learning paths for educational content, ensuring step-by-step
progression that aligns with learners'needs. Another applicationcould be
guiding users through intricate software or apps. The sequertialityinnovation
makes the model ideal for enhancing tailored content navigation.



Technology

Transmission

BUSINESS PROBLEM

Transmission is the single most important enabling technology
for decarbonization. The large transmission projects that are
critical to enabling access to renewable energy resources have
generally taken 10-20 years to build. Once these projects are
completed, the electricity landscape will look different due to
projected high growth of electricity consumption and renewable
energy generation through the next few decades. Therefore, it is
important to leverage research-backed, modeled predictions of
the electricity sector’s future to assess transmission line's
business viability on a forward-looking basis.

DATA SOURCES

Data of transmission project concepts was obtained through
internal channels. Wholesale electricity prices was obtained
through subscription-based data suite and public sources.
Transmission asset cost estimations are obtained from public
sources. Transmission capacity contracts are obtained through
internal channels and public sources.

Data Types and Format

Transmission project, capacity contracts, and other proprietary
data source formats are not able to be disclosed. Wholesale
electricity prices and transmission cost are time and location
series.

Author: Don Okoye

Improved process performance

Constrained / Unconstrained

. T

A transmission business assessment tool will
analytically demonstrate the business viability
of proposed interregional transmission projects
through their useful lifespan. The tool will
perform NPV analysis of the projects with input

from modeled predictions of the electricity

sector’s future, historical electricity market
volatility, and cost estimates of transmission
infrastructure.

/7 Tranemission

L piogecls proposed S
+ ) +
Execute artitrage

wvalue analysis of
transmission projects

Esfimate cost of
transmission projects

Evaluate base
MEY ol project

L i
Medel tail-event arbitrage value
and integrate info future
farecast and base NFY

Develop machne learning moded 1o
# predict network upgrade costs for a
progect’s interconnecling assels

¥
Expand transmission NPY
analysis capabilibes 1o assess
mixed-model (offtake) revenue
sireams ¥
Procure synthetic inlerregional
fransmission network data and execute
power-flow simulations fo analyze
transmission line capabilities

X

Time T Yes
T available? 7

5
'NL

Rank transmission projects based Adjust NPV analysis of projects
on NPV analysis 1o pnontize locus + based on transmission ling
for multi-value benefits analysis capabilifies

; L -
Prioritized projects
| transferred to multi-value |
analysis platform
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Logistics / Distribution
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Building stochastic stock E
simulation for retail store

operations
e ——

BUSINESS PROBLEM

For a brick-and-mortar retail business with omni-channel
fulfillment, high sales velocity, product portfolio complexity,
limited store capacity, and inherent demand stochasticity, agile
store inventory planning is crucial to its success. To facilitate
such agility in shipments, backstocks and transfers, this project
aims to create a tool that simulates how these decisions directly
impact store operations (i.e. capacity utilization and product
complexity), in order to inform better store inventory planning.

DATA SOURCES

Historical store volume flows, stock level, and downstream
forecasts are the main data leveraged. All data are pulled directly
from the enterprise data systems, using a combination of Scala,
SOL and PySpark, enabled by Databricks. Additionally,
institutional knowledge on the business rules for relevant
operations are also leveraged to enhance simulation fidelity.

Data Types and Format

Volume flows, stock level and forecasts are all provided as time

series.

Author: Davy Qi

Inventory management / control

Deterministic / Stochastic

Store stock will first be simulated stochastically
by reconstructing upstream (i.e. shipments,
backstock)and downstream (i.e. sales, return)
movements using Monte Carlo methods.
Machine learning models will then take store
stock outputs from the simulation and further
predict display vs. stock room breakdown, as
well as product portfolio complexity.

Store stock Downstream inputs Upstream inputs
inputs (e.q. sales, return) (e.a. shipment, backstock)

-'- Stochasticity 3

STnEVGOE  Monte Carlo simulation over 4-week horizon for each store

9
SIUERLHE  Daily store stock, capacity ) Average, upper and lower
outputs utilization o ), boundover N MC trials

4 + other inputs

Machine learning model to predict product portfolio
complexity and display room stock

. i

T Display vs. stock room ‘
P stock, capacity utilization # of unique articles

0 = compare to historical actuals to calculate accuracy metrics

ML model
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Supply chain planning and inventory Transportation and Inventory management / Reinforcement
management logistics control Learning

Simulating and Improving Middle

Mile Inventory Management

Policies

BUSINESS PROBLEM

As digital consumer demand has grown, Nike has had to adapt its We built an emulator of the third-party middle
supply chain. Nike's new network, which includes regional service

centers and an inbound sortation center, was created to help
accommodate digital demand, but a key question remains: how
to best position inventory within the network. Each day, stock forecasts, capacity constraints, initial inventory
transfer orders dictate where SKUs should be sent, and how positions, and more, and then we proceed with a
much. A third-party middle-mile decision engine generates these heuristic greedy allocation algorithm which
STOs, but for Nike to simulate end-to-end supply chain runs
within a digital twin framewaork, an in-house emulation of this

decision engine is needed. | am building the emulator and testing
RL algorithms. environment to test new policies as well.

mile decision engine using python and SQL. We
ingress data from other teams, such as

matches the logic of the production system. |
am building a reinforcement learning

DATA SOURCES _ _
Creale Simulation Configurations For gach dermand fine, wa fraverse the supplying nodes and manage resaun
and Pull in Relevant Data
Future demand estimate data gets pulled in from the forecasting Frer i e e llustrative example ,e
a demand queues
team. Data related to the network configuration, which includes bt Mol DMy N ®
. . IS W
lane priorities, lane costs, capacity constraints, initial inventory, e ‘ @
lead time estimates, incoming purchase orders, etc. comes from : B Q ° °
SQL tables different parts of the business maintain. | simulate T C

data as well for the reinforcement learning approach.

Data Types and Format

00000

‘We manage resourcas througheout the process and update them each day
- Track Constraints: Invertary, Lare Capacties, Inbeurd Processng
Capachy, Ouibound Processing Canacity, Recelvng Moge Starage
- Process Ordars: Case Pack Acunding, Group identical poduct-ane ST0s,
Sant Excess 15C mvertiory 1o Cental DG

Time Series JSON Object for configuration o

R R LR R R R

g
&
g
=
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Product design / development / engineering Industrial automation Product design and testing Rules-based

- bl P

. N ey " ~
Automating Mold Designand =

—

Toolpath Generation for

.l‘}_{{ﬂ.

Composites Manufacturing

- -ty
"
-
I a a

BUSINESS PROBLEM

As Re:Build Composite Resources (CR) pursues growth goals, Historical parts were studied to qualitatively

project engineers will play a critical role. The existing project define in-scope parts based on geometric

engineer workstream consists of high-value decision-making . .
complexity. The manual mold design and

and low value repetitive tasks, including the design of molds for

simple geometry parts. The goal of this internship project is to toolpath selection processes were mapped.
automate mold design and toolpath selection for simple Using a combination of CAD/CAM API calls,
geometry composite parts. This will reduce lead times, increase engineering heuristics, and rules based decision
project engineer capacity, reduce indirect labor costs, and making, a suite of C# and Python based
AR EEICECNE e algorithms were iteratively developed to

automate mold design and toolpath selection.

DATA SOURCES

Automated Mold Workflow

Mold data was gathered by qualitatively analyzing CAD files. N
Toolpaths were characterized by scraping thousands of CAM files L!’?!_.J -
and extracting toolpath parameters. ERP entries were collected |
and analyzed via SOL queries. Engineer/ CNC programmer Aumtgdn:f:d ! D?S SOLIDWORKS
interviews were conducted to understand technical decision ,
making. Management interviews were conducted to understand "
greater business context. Miois
CAD
Data Types and Format |
CAD/ CAM files, aggregate toolpath parameters, ERP data e -—'_El PowerMill

including work center processing times and PO frequency, and
text from interview notes.

v
v
L —
CNC Engineering
Program || me— @ Drawing

Machine Shop 93
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Logistics / Distribution

Transportation and logistics

Data Roadmap for Amazon Last

Mile Sustainability

‘P
~ 4

BUSINESS PROBLEM

In 2019, Amazon signed a climate pledge to reach net-zero
carbon emissions by 2040. Amazon's last mile delivery team
(AMZL)is focusing on various initiatives such as use of electric
vehicles for delivery and powering delivery station operations
with 100% renewable energy. The AMZL team is pursuing a
mechanism to measure accuracy of carbon data inputs and
existing forecasts. This internship focuses on developing a
monthly carbon emission forecasting model and proposing a
data roadmap to improve forecast accuracy.

DATA SOURCES

Carbon emission forecast input variables are last mile activity
related parameters. Access to required data of input variables is
provided by involved stakeholder teams.

Data Types and Format

Most of the data is stored in Amazon's data cluster, which will be
accessed using SQL queries. Some of the data is shared by
teams in Excel spreadsheets.

Author: Sajiree Vivek Vaidya

Predictive forecasting Regression analysis

N

This project will study variable impact analysis
to understand impact of contributing variables
on carbon emissions. A monthly carbon
forecasting model will then be built, evaluating
its accuracy, and identifying sources of
variability. Recommendations on areas of
improvement for carbon forecasting process at

AMZL will be summarized in a report.

a

1. \, Monthly 3

Impact N Carbon |_ b Data
Analysis 4 Emission Roadmap

Forecasting

Examine how changes in
input  wvariables  affect
carbon amissions,
assessing  thelr  Impact
and implications

Develop a monthly carbon Propose & readmap to
emission forecasting tool improve carbon  emission
and evaluate accuracy forecasting
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Supply chain planning and inventory Inventory management / Discrete /
management control Continuous

&
;o

'-‘ ™

Developing a Digital Twin to
Optimize the Supply Chain and

AstraZeneca

BCP Design of Medical Devices '

BUSINESS PROBLEM

Supply chain disruptions are becoming increasingly common as a First, define the supply chain boundaries for the

result of geopolitical and environmental events, making it harder model. Select nodes that will be detailed and

for the company to comply with their zero stock out policy within . .
, : , , those that will have assumptions. Then, collect
an industry where demand is already highly uncertain. For a

particular brand portfolio, the company wants to ensure they can data for detailed nodes. Schedule visits to

uninterruptedly serve customer demand for up to six months external and internal manufacturing sites in

after a disruption occurs at any supply chain node up to their focus to map their processes. Last, develop
second-tier suppliers. To test such resiliency under different

proof of concept for the digital twin (front + back

conditions and stress scenarios, the company aims to have a ) ..
_ : : . end), test stress scenarios, provide insights and
digital twin that allows them to simulate the supply chain and

identify risks. document learnings.

Define: :#
Data for the project comes from internal and external sources. 1. Supply chain nodes for deep-dive analysis 8
. . - 5 2.5t -test s +13 c
Internal data is mainly kept on spreadsheets or interactive & StressTest scenarios g
3. Project expectations and tool intended uses g‘
dashboards that contain historical data(time series), but lacks A
(=]
structure and each is owned by a different team. External data b
= Evaluate use
was manually collected on spreadsheets by surveying the e Pltch collaboration
. -(front-and] Idea to suppliers
relevant suppliers. m;
w
m
Data Types and Format Develop Code supply chain - ; =
Visit manufacturing
. . . visualization logic with dummy Trnrnilee g
Most of the data is kept an operational data hub and is then dashboard data VSM {collect data) |
i . ) i ) (front-end) (back-end) ' @
visualized in business analytics dashboards. Spreadsheets are =
. . . =
the most common format for data sharing and data manipulation. o
Insert real data,
test stress
scenarios, and = o
validate results g g’
z3
o =
L=
B O
Document Document Deliver digital ﬁ
- framewark for lessons twin proof of E4
Autho I Ca rlos Vela Gonza |ez reproducibility learned concept




TBD

Many suppliers try to protect their data and are hesitant to share too many details.
Explaining the benefits they may get out of the project helped, but tangible results
seem to be required to obtain full collaboration.

The cultural approachableness at the company facilitates collaboration among
peers. It is easy to get a meeting with almost anyone at the organization and
everyone is always willing to help.

TBD

TBD

TBD

TBD

TBD



Operations Mechanical engineering Improved process performance Uni / Multi-Objective
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2. e .

\ \
‘_'
e
—
Scaling metal additive -

¢

AMERICAN
INDUSTRIAL
PARTNERS

manufacturing from R&D to

productio
-

-

BUSINESS PROBLEM

Rapidly growing an AM business requires both (i) winning The central element is a holistic data strategy
substantial customer orders as well as (ii) operating with and architecture for a data warehouse. Within
excellence to deliver on those orders. Limited operational or ) ) )
. the time frame of this project, the two most
technical data has been collected by the company thus far. As a

result of that, there is no significant track record of e.g., material critical elements of this strategy will be

testing, and customers increasingly demand traceability and implemented: the material test database for

certification of material and parts. Additionally, limited tensile testing as well as a build log connecting

operational data has been collected which is critical to control commercial with technical data per 3D printing
and to understand how to grow the business effectively. Main

. . : build to allow for operational planning.
needs are capacity and resource planning as well as business

control on a per-order basis.

DATA SOURCES

Commercial Fever Led | Material
ERP data, CRM data, Accounting/Financial data, Machine data, CEa —{ Lot dractory || Semple issig

Mechanical/Material test reports, Misc operational documents
Post-

pra:::slng

+ Buid D

= Heat reatment

+ Machinng

+ Cosiing

(e.g., work order travelers, purchase orders, quotes, invoices),
Employee testimonials, 3D models/part files and AM build files

Testing
Data Types and Format Tnaie s
Fatigue Meraliurgical

Numerical data, Strings and text documents, Time series, - Moniorrg
Images, Spreadsheets, CAD/CAM files

o Db by | WA | il rvghsmsmiaton b

Author: Reimar Weissbach 9
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