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Manufacturing and Supply Chain Challenges

The “Intelligent” Supply Chain Game 

What is a “real” Digital Twin?
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Today’s Manufacturing & Supply Chain Challenges

Manufacturing has become the response buffer for supply chains as companies become leaner and 
the order behavior of the market changes

Customers demand increased product variety and configurability with smaller minimum order 
quantities, and shorter product life cycles requiring manufacturing agility

Facilities are handling increasingly complex operations with semi-flexible manufacturing resources to 
increase manufacturing agility also dealing with more complex supply chains

End customers are demanding shorter lead times and increased transparency into the supply chain 
performance with predictable delivery times

Adapting to the VUCA world as global variability and uncertainty has increased while supply chains 
became more complex and available information more ambiguous.
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The Silent Supply Chain “Killers”

Optimizing to Single Objective Functions
• Optimal supply chain performance is a multi-objective function trying to satisfy competing KPIs
• Minimizing cost and inventory counters objectives to also maximize throughput and customer performance
• Need to evaluate both cost-based objectives together with flow-based objectives for best overall ROI 

Planning in Organizational Silos
• Within a factory planning is done per production unit such as mixing, filling, QA and packing
• In the supply chain planning is done in silos such as raw material, production, warehousing and distribution
• Synchronization is attempted in daily, weekly and monthly meetings to try an align numbers and timeframes

Time Phased Business Planning
• Different organizational teams responsible for different time phases such as operational, tactical and strategic
• Each team uses a different application or software module for planning and execution management
• Each team and software application has its own version of the constraint model required for execution

Scheduling in Time Buckets
• Typically scheduling in weekly time buckets meeting specific weekly objectives such as throughput
• Starting the system empty each time period, ignoring current WIP effecting setup and changeovers
• Loading the resources based on total capacity in the bucket ignoring timeline specific constraints
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The Planning and Scheduling Challenge
Current Reality

Supply Chain

Demand Planning

Master/Network Planning

Production Plan by Factory
Head Office

Factory 1 Factory 2 Factory 3

KPIs
On time Delivery
Lowest Cost
Inventory Levels

Supply Chain

Master Planning:
 Aggregate view of the production capacity

• Average run rates
• Average resource capacity
• Expected material availability
• Expected downtimes
• Standard product mix

 Mostly optimistic by a margin of 10% to 20%
 3 to 6-months planning horizon
 Limited visibility inside the production time fence

Production Demand:
 Limited visibility inside the production time fence

• Unaware of setup and changeover requirements
• Unaware of specific shift schedules
• Unaware of equipment failures and downtimes
• Unaware of actual material availability
• Unaware of actual resource capacity
• Unaware of specific tooling requirements

 Typically over optimistic estimation of production
 Adjustments using efficiency factors to fine tune

Demand Management:
 Include all order types:

• New orders
• Production orders
• Stock orders

 Current inventory in the supply chain
 Customer service levels
 Safety stock levels
 Regional policies

The Supply Chain performance is constantly under pressure 
because the true capacity of the factories are not fully 

transparent, and continuously variable based on the current 
product mix, resource availability, siloed and time phased 

planning using different software applications not focused 
on optimizing the flow of material to fulfill actual demand
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Imagine……
An “enterprise system” that…..

1. Represents your end-to-end manufacturing supply chain
2. Runs the supply chain across all time horizons and all supply chain functions in a 

continuous timeline in a single constraint model of the process
3. Allows you to make changes to the processes, business rules and decision logic
4. Contains dynamic dashboards and reports with key business KPIs and process 

specific results for detail analysis to support all stakeholders
5. Provides full 3D visualization of the supply chain for presentation and validation
6. Provides a platform that can accurately replicate the end-to-end process 

behavior for business optimization based on agreed KPIs and performance metrics
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The “Intelligent” Supply Chain Game
Let's visualize this new “enterprise system” as if it is a computer game?
This is game changing so please bear with me for the next 30 min….

• The game will entail a lot of detail
• It might feel overwhelming
• It might even feel somewhat repetitive
• It might also be hard to follow all the game results

So please hang in there, at the end you will clearly see what is possible 
with this new Intelligent Adaptive Process Digital Twin technology to 
take your business to the next level
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The Intelligent Supply Chain Game Concepts 
The game will consist of 5 levels of progression
 2 levels in the operational timeframe
 1 level in the Demand Driven S&OP timeframe
 2 levels in the Adaptive S&OP timeframe (“impeding” and “what-if” strategical)

Each level will have a specific business challenge to complete
Some levels might require adjustments in game setting to improve  business 
performance (Gross profit)
Evaluate the supply chain performance
 Production Schedules
 Inventory positions and cost
 Resource utilization and cost
 Warehouse utilization
 Constraint analysis
 Delivery performance
 Sales revenue
 Gross profit
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Game Configuration: Bottling Supply Chain

Factory
(Pittsburgh, PA) HUB

WHSE 1 (Baltimore, MD)
Firm Orders & 
Expected Demand

Factory Schedule

Raw 
Material

FG Inventory

FG Inventory

Supplier 1
(Cleveland, OH)

Supplier 2
(Wheeling, WV)

WHSE 2 (Charleston, WV)

WHSE 3 (Erie, PA)

WHSE 4 (Philadelphia, PA)

FG Inventory

FG Inventory

FG Inventory

Firm Orders & 
Expected Demand

Firm Orders & 
Expected Demand

Firm Orders & 
Expected Demand

Sales Orders &
Forecast

Stock Transfer 
Orders

Manufacturing OrdersPurchase Orders

DDMRP Generated OrdersDDMRP Generated Orders

DLT
Bottles

Bulk Mix 
& Dye

Products:
 4 Colors

‒ Red
‒ Yellow
‒ Green
‒ Blue

 1 package Types
‒ Bottles

 4 Sizes
‒ 100ml
‒ 250ml
‒ 400ml
‒ 500ml
‒ 1000ml
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Supply Chain Map View

Factory & Hub (1)

Warehouses (4)

Suppliers (2)

CharlestonCharleston
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Game Configuration: Factory Layout

Factory
(Pittsburgh, PA) 

Supplier Trucks Receiving  & QA Raw Material Storage

Mixers Storage Tanks Filling and Packing

Finished Goods Inventory Picking and Loading Warehouse Trucks

Skilled labor

AMRs

Sales orders are for filled and 
packed bottles and placed on 
Filling & Packing creating the 

filling schedule first

The Filling & Packing schedule is 
then used to create the mixing 

orders and schedule to optimize 
flow through the storage tanks
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Game Configuration
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Game Level 1 (operational)

The Level 1 challenge: Traditional MRP base case
 Sales orders for all products with 25% day to day variation
 Demand spike of 20% in week 3
 Reorder point/reorder quantity replenishment policy for RM & FG
 Run the operations very lean and cost effective
 Run the game for 30 days

• Stating the 26th of January 2025

Analyze & understand the business performance of the base case using the 
standard Reorder point/reorder quantity replenishment method
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Level 1 
RunningRun Completed
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Level 1 Results: Gantt charts1
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Level 1 Results
1
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Level 1 Results
1

3
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Level 1 Results
1
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Level 1 Results
1
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Level 1 Results: Inventory and Utilization Dashboards1
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Level 1 Results
1
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Level 1 Results
1
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Level 1 Results
1
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Level 1 Results
1
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Level 1 Results: Financial and Service Level Dashboards1
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Level 1 Results
1

Total Resource Cost 
(Idle and Busy)

= $5.78M

1
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Level 1 Results
1

Total Inventory Cost 
(RM & FG)

= $2.83M

1
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Level 1 Results
1

Total Sales Revenue

= $17.5M

Late Orders = 11.97%

On-Time Orders = 88.03%

Late Orders = 284

3
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Level 1 Results
1

Gross Profit

= $8.91M

1



30© 2024 Simio LLC

Game Level 2 (operational)

The Level 2 challenge: Operational DDMRP
 Sales orders for all products with 25% day-to-day variation
 Demand spike of 20% in week 3
 Implement DDMRP replenishment policy for all RM and FG
 Run the game for 30 days

• Stating the 26th of January 2025

Analyze & understand the impact and difference in business performance using 
the DDMRP methodology to manage the flow of material
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Level 2
RunningRun Completed
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Level 2 Results: Inventory and Utilization Dashboards2
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Level 2 Results2
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Level 2 Results2



35© 2024 Simio LLC

Level 2 Results
2
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Level 2 Results2
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Level 2 Results: Financial and Service Level Dashboards2
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Level 2 Results2

Total Resource Cost 
(Idle and Busy)

= $6.0M

Total Resource Cost 
(Idle and Busy)

= $5.78M

2
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Level 2 Results2

Total Inventory Cost 
(RM & FG)

= $3.36M

Total Inventory Cost 
(RM & FG)

= $2.83M

2
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Level 2 Results2

Total Sales Revenue

= $20.6M
Late Orders = 0.52%

On-Time Orders = 99.48%

Late Orders = 9

Total Sales Revenue

= $17.5M
Late Orders = 11.97%

On-Time Orders = 88.03% Late Orders = 284

4
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Level 2 Results2

Gross Profit

= $11.3M
(26% increase)

Gross Profit

= $8.91M

2
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Game Level 3 (Tactical)

The Level 3 challenge: Demand Driven S&OP
 Start with the Level 2 configuration
 Perform Preventative Maintenance (PM) on Filling line #3

 12 to 13 Feb 2025 for 48 hours
 Game Hint: Some SKUs can only be filled on Filler line #3
 Run the game for 30 days

• Stating the 26th of January 2025

Analyze and improve the impact of Preventative Maintenance on the business
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Level 3
RunningRun Completed



44© 2024 Simio LLC

3 Level 2 Base Case 
Results

Maintenance Results
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Level 2  Base Case
3
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3 Level 2 Base Case 
Results

Maintenance Results
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Level 3 Results – Maintenance3

Red_100_ml_Bottle
(36-hour waiting time)

Green_400_ml_Bottle
(32-hour waiting time)

2
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Maintenance Results
3

3
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Base Case Results3 Maintenance Results

2
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3 Base Case Results Maintenance Results

Gross Profit

= $10.9M
Gross Profit

= $11.3M

Late Orders

= 9
Late Orders

= 25

5
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Impact of the 2-Day Maintenance Event

Primary impact on 2 SKUs
 Red_100_mL_Bottle
 Green_400_mL_Bottle

Bulk mix stuck in WIP tanks #1, 2, 3, 4 and 6
Resulting in 11 more late orders
Loss of $400k in Gross profit

What can we do about it?
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Game Level 3 Adjustments
Adjustment Strategy
 Produce and Ship ahead, only those items that cause most lateness         

(Constraint Pareto)
 DDMRP Planned Adjustment Factors

• From 8 to 10 Feb for each warehouse – for products Green_400 and Red_100
• Increase Yellow Zone by 20% (increase heart of the coverage)
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Level 3 Adjustments
RunningRun Completed



54© 2024 Simio LLC

3 Maintenance Results Adjustments Results

3
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3 Maintenance Results Adjustments Results

Gross Profit

= $11.1M
Gross Profit

= $10.9M

Late Orders

= 25
Late Orders

= 9

Before Maintenance
Gross Profit

= $11.3M

6
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Game Level 4 (Impending Strategical)

The Level 4 challenge: Adaptive S&OP
 Strategic planning starting with Level 2 configuration
 Ongoing 25% day-to-day variation in demand across the whole period
 Evaluate the business impact of the expected 2025 summer lift in demand

• First 2 weeks in June = 5% increase
• Second 2 weeks in June = 10% increase
• First 2 weeks in July = 20% increase
• Second 2 weeks in July = 10% increase

 Run the game for 220 days (7.3 month)
• Stating the 26th of January 2025
• Ending late September 2025

Analyze and improve the impact of the expected 2025 summer lift in demand on 
the overall business performance

5% 5%
10% 10%

20% 20%

10% 10%

June July

wk1 wk2

wk3 wk4

wk1 wk2

wk3 wk4
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Level 4
RunningRun Completed
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Level 4 Results: Gantt Charts and Inventory Dashboards4
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Level 4 Results – Summer Lift4
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Level 4 Results – Summer Lift4
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Level 4 Results – Summer Lift4

Inventory is getting 
depleted during the 

summer lift (7%)

1
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Level 4 Results – Summer Lift4
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Level 5 Results: Inventory, Constraint and Financial Dashboards4
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Level 4 Results – Summer Lift4

1
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Level 4 Results – Summer Lift4

Waiting time at Mixing

= 50 hours

1
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Level 4 Results – Summer Lift4

Total Sales Revenue

= $141M
Late Orders = 1.88%

On-Time Orders = 98.12%

Late Orders = 390

3
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Level 4 Results – Summer Lift4

Gross Profit

= $72M

1
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Impact of the Summer Lift

Congested factory for 6 to 8-week period
Almost deplete the stock in the HUB – down to 7% 
Resulting in 390 late orders
Gross profit of $72M

What can we do about it?

4
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Game Level 4 Adjustments
Adjustment Strategy
 Demand Adjustment Factor to build ahead

• All 4 warehouses = 10% adjustment to build ahead
• Adjustment Factor set for May only

 Add Sunday shifts to increase capacity in the factory
 Extra shifts for all of June and July

4
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Level 4 Adjustments
RunningRun Completed
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4 Summer Lift Results Adjustment Results

Factory is congested 
with increase in late 
orders (Red border)

Inventory is getting 
depleted during the 

summer lift (7%)

Almost no congestion 
in the factory during 

the summertime
Inventory levels well 

managed to cope with 
the summer lift

5
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4 Summer Lift Results Adjustment Results

Waiting time at Mixing

= 14 hours
Waiting time at Mixing

= 50 hours

5
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Level 4 Results – Summer Adjustment4

1
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4 Summer Lift Results Adjustments Results

Gross Profit

= $76.1M
(5.6% increase)

Gross Profit

= $72M

Late Orders

= 320

Late Orders

= 107
(99.2% service)

5



75© 2024 Simio LLC

Game Level 5 (What-if Strategical)

The Level 5 challenge: Adaptive S&OP
 Strategic planning starting with Level 4 configuration 

 Summer lift for 2025 and 2026 as per Level 4 challenge
 New product introduction starting year 2 (January 2026) with 1-liter bottle for all products

 Run the game for 565 days (18+ month)
• Stating the 26th of January 2025
• Ending late August 2026

 Analyze the impact of the new product introduction on key KPIs to answer specific 
management questions

Key Management Question: How many markets can we serve to test the new product 
without having to do investment in new infrastructure and negatively impact current 
business? (Market is by Warehouses #1, #2, #3 and #4)

• Gross Profit
• Utilization (flexibility to respond)
• Customer service
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Level 5
RunningRun Completed
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5
1 Warehouse 2 Warehouses

3 Warehouses 4 Warehouses

Gantt Charts for Production
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Level 5 Results – 4 Warehouses added5
Factory is very congested 

struggling to deliver  
product to the HUB

1



79© 2024 Simio LLC

5 1 Warehouse 2 Warehouses

3 Warehouses 4 Warehouses

Inventory at the HUB
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Level 5 Results – 4 Warehouses added5
Factory cannot produce 
enough product to serve 

demand at the HUB

1
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5 Warehouse 1 Total Inventory
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5 1 Warehouse 2 Warehouses

3 Warehouses 4 Warehouses

Mixer 2 Utilization
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Level 5 Results – Mixer 2 Utilization with 4 Warehouses5
Mixers running near full 

capacity in 2026

1
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5

1 Warehouse 4 Warehouses

Green 1 liter Bottle at the HUB

Inventory in the HUB cannot 
keep up with demand as the 

factory does not have 
sufficient capacity

1
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5
1 Warehouse

Green 1 liter Bottle at the HUB
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5
4 Warehouses

Green 1 liter Bottle at the HUB

1
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5 1 Warehouse 2 Warehouses

3 Warehouses 4 Warehouses

Revenue and Service Level

Late Orders
=150

Revenue

= $378M

Late Orders
=185

Revenue

= $387M
(2.32% increase)

Late Orders
=178

Revenue

= $396M
(2.27% increase)

Late Orders
=617

Revenue

= $400M
(1% increase)
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Level 5 Results – Revenue and Service Level5 New part introduction 
and summer lift in 2026

1
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5 1 Warehouse 2 Warehouses

3 Warehouses 4 Warehouses

Gross Profit

Gross Profit

= $230M
Gross Profit

= $237M
(2.95% increase)

Gross Profit

= $245M
(3.26% increase)

Gross Profit

= $249M
(1.6% increase)
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Level 5 Results – Gross Profit5 The supply chain is 
struggling to keep up

1
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5

Late Orders Inventory Cost

Statistical Analysis

Inventory are varying more as 
the systems is struggling to 

respond to demand

System is becoming 
more unpredictable in 
delivery performance

1

Run the Game multiple times with variation to evaluate the system responses
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5
Summary and Recommendation
Introducing the new 1-liter bottle into 2 markets seems very possible within the 
capacity of the current factory and supporting network 
Introducing the third market seems to put the network on the edge
The fourth market will push the network into instability and exceed all current 
capacity, negatively impacting all products

Recommendation to Management
 To test the market response to the new product it will be best to introduce it 

to just 2 markets for the initial launch and then extend it to a third based on 
market response

 Introducing the 1-liter bottle to all 4 markets at once will put the whole  
network at risk including the current product supply
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What did we learn from the Game, if this was real?
Evaluate any business option or key decisions such as business rules, 
detail decision logic, changes in processes and resourcing.
Fully understand the end-to-end supply chain impact from raw material 
supply through manufacturing and distribution
The business can make informed decisions about all aspects of their 
operations and infrastructure to optimize performance and ROI

But wait…..

This is not just a game……This is not just a game……This is actually real……This is actually real……This can be done today!This can be done today!
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What is an Intelligent Adaptive Process Digital Twin?

Automatically adapts to changes in enterprise data such as specific process related 
resources, materials, properties and attributes, product routings, network changes, 
BOM, labor requirements and schedules, maintenance schedules and product mix

Any business process including detailed manufacturing operations inside the four 
walls or multi-factory processes, warehouse operations and material handling, 
supply chain and distribution processes including the end-to-end supply chain

A detailed data generated and driven, object oriented, discrete event simulation 
model of the process that accurately replicates the physical behavior of the 
process to design, predict and prescribe current and future performance

Process

Digital Twin

An Intelligent Adaptive Process Digital Twin can be deployed offline and/or online for both predictive and 
prescriptive applications to facilitate comprehensive digital transformation and business re-engineering initiatives

Embedded AI for making intelligent, complex and optimized decisions fast by 
generating synthetic training data, training and testing NN agents as well as 
incorporating trained AI agents into Digital Twin simulation models

Intelligent

Adaptive
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Knowledge base capturing the detailed process flows, business rules and 
decision logic in a comprehensive simulation model of the process

Performance benchmark to evaluate any business transformation changes 
or performance improvement initiatives to determine and validate ROI

Control tower that provides global visibility for decision-making and end-to-
end process synchronization, scheduling and orchestration

Digital reference model of the “current status” that accurately replicates the 
process behavior for ongoing and future analysis 

Intelligent Adaptive Process Digital Twin
Key Deliverables
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Effective Digital Twins Enable the DDAE Model

One single supply chain model across all time horizons and all 
organizational functions/silos executing on a continuous rolling timeline 
with a unified constraint model of the end-to-end process concurrently 

evaluating product mix, demand, resource and material availability while 
focused on optimizing the flow of material to fulfill actual demand

Process Digital Twin

Actual Demand
& Forecast

DDI Certified
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Want to learn more about Digital Twins?

Please join us tomorrow at 11:15 am in Auditorium 3 
for an introduction to the Simio Platform (vendor track)

Or….

Visit our booth in the exhibit area on the ground floor.
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Questions?                                                     


