Appendix Case-Study “Re-designing the
Material Flow in a Global Manufacturing
Network”

With the help of this case-study, materials of many chapters in this book can be
applied to practical decision-making. In particular, knowledge on sourcing and
production strategies, inventory management, transportation planning, linear and
mixed-integer linear programming can be summarized.

Problem Description

In many cases, outsourcing or global sourcing is applied to cost reductions in
material flows. At the same time, it can be possible to achieve similar effects by
redesigning the material flow within the existing manufacturing network. Espe-
cially in industries with deep manufacturing penetration, such as plant engineering,
there are many options to extend existing internal customer—supplier relations. In
this situation, make-or-buy analysis should be performed for different modules and
components at each location. The basis for the comparison of the make and buy
efficiency is the total cost, comprised of production, logistics and follow-up costs.
In addition, risks should be considered.

Consider an enterprise that produces systems for energy transmission and has
two locations: factory A is located in Europe and factory B is located in China. Both
factories have deep manufacturing penetration; in other words they are able to
produce almost all the components and modules needed for the final product
assembly. Both factories can assemble the same final products from the same
components, known as shared components (see Fig. 1).

The final assembly always takes place in the country where the customer builds
its energy system. It should be analysed to see whether the production of the shared
components can be distributed within the network so that total network costs are
minimized.

For analysis, a module has been selected that is needed for 54 % of all the energy
system types. This makes the analysis representative and the results scalable. The
module is produced according to ATO strategy and built into the final product at
both factories. The module is composed of 13 components sourced from seven
suppliers. At the first stage, four options for process design have been formulated
(see Fig. 2)
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At present, option 1 is used.
Questions

1. Formulate a mathematical model for the problem considered above! Select a

standard model from Operations Research!

2. The model has now to be filled out with data. Describe your approach to get

the necessary data!

Assumptions

o Material costs at location A is 212 €, labour costs is 40.50 € and overhead costs

is 20.78 € for one module. Transportation costs for one module is 14 €.

e Material costs at location B is 143 €, labour costs is 20.0 € and overhead costs is

14 € for one module. Transportation costs for one module is 14 €.

« Consider inventory costs as composed of cycle and safety inventory costs. Select
for calculation appropriate models of inventory management. Use transit price

for the calculation.
» The following is true for location A: interest is 10 %, fixed costs is 23.2 €,

service level is 95 %, standard deviation of lead time is 10 days and there are

250 working days in a year!
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Table 1 Costs analysis for global sourcing

Costs

GER-GER

GER-CH

CH-GER

CH-CH

Material costs

Labor costs

Overhead costs

Production costs

Profit (5 %)

Transfer price

Customs duty (1.7 %)

Transit price

Transport costs

Inventory costs

Total landed costs

Implementation costs

Coordination costs

Total costs

e The following is true for location B: interest is 10 %, fixed costs is 13.2 €,
service level is 95 %, standard deviation of lead time is 10 days and there are
250 working days in a year!

« Consider complexity issues if setting up coordination costs!

» Capacity at each location is 1200 units. Demand for one period is 1000 units at

location A and 100 units and location B.

The cost analysis includes so called Total Landed Costs and follow-up costs

(Table 1):

3. Solve the model with the help of Excel Solver! Explain the results and link
them to one of the four options! Do we have any costs savings if we change from the

Option 1? What is your recommendation?

Costs ¢j

Location A (i=1)

Location B (i=2)

Capacity a;

Location A (j=1)

Location B (j =2)

Demand b

The objective function can be written as follows:
subject to restrictions:
As the basis for comparison, the as-is situation can be taken which is described

as follows:

Quantity x;j

Location A (i=1)

Location B (i=2)

Sum

Location A (j=1)

Location B (j=2)

Sum
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Z(x) =
The optimization model provides the following result:

Quantity xj; Location A i=1) Location B (i=2) Sum
Location A (j=1)

Location B (j =2)

Sum

Z(x)=%€

The network costs is now €. The cost savings is €.

4. Analyse advantages and limitations of each option considering the following
criteria:

» Coordination efforts

» Reaction speed

* Supplier management

e Scale effects

* Material and labour costs
» Transportation costs and lead-times
e Manufacturing complexity
e Quality

e On-time delivery

¢ Inventory

 Single sourcing risks

With the help of scoring analysis, the following results can be indicated (see
Table 2):

5. Consider a third location in India which can be used as a hub in the network.
The capacity is 1200 units, and there is no demand in India at present. Sourcing
costs from India to Germany is 198 € and from India to China —181 €.

 calculate optimal solution!
¢ what qualitative factors would you consider?
¢ perform sensitivity analysis and explain its results!

Optimal solution is:

Quantity xj; Location A (i=1) Location B (i=2) Location C (j=3) Sum
Location A (j=1)

Location B (j =2)

Location C (j=3)

Sum

Z(x)=%€

6. Consider five markets (China, Germany, Russia, Egypt, and India) and three
factories in China, Germany, and India. The capacity in China can be increased at
3000 € (Table 3).
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Table 2 Scoring analysis

Criterion Option 1 Option 2 Option 3 Option 4
Coordination efforts

Reaction speed

Supplier management

Scale effects

Material and labour costs

Transportation costs and leadtimes

Manufacturing complexity

Quality

On-time delivery

Inventory

Single sourcing risks

Total
Table 3 Represents initial data

Demand region production and
transportation cost per X units

Supply Fixed Low Fixed High
region GER |CH |IND | EGT |RUS |costs capacity | costs capacity
GER 273 303 303 | 295 292 0 1.200 0 1.200
CH 200 177 182 190 195 0 1.200 3.000 1.600
IND 198 181 | 170 | 188 193 0 1.200 0 1.200
Demand | 1.000 |100 |150 50 100

Formulate and solve a mathematical model for the problem considered above!

Select a standard model from Operations Research!

Additional Task

Consider another module for which production capacity of 1000 units in Germany
and 600 units in China is available. The corresponding costs are given as follows:

Costs cj Location A (i=1) Location B (i=2) Capacity a;
Location A (j=1) 12.276 13.990 1000
Location B (j=2) 9.518 8.167 600
Demand b; 1000 100 1100/1600

Formulate the mathematical model!
Calculate costs for Option 1!

Z(x) =

Calculate optimal solution and costs savings!
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Quantity x;; Location A (i=1) Location B (i=2) Sum
Location A (j=1)

Location B (j=2)
Sum
Z(x) =

This results in savings of € or % of costs reduction.

Additional Discussion Questions

. Global sourcing is reasonable for items with high volumes, low demand

fluctuations and low transportation costs as compared with the item value.
Which methods of operations management could help you identify such items?
Think up a numerical example for each method to describe your approach!

. In the case study we considered deterministic demands. Which methods would

you use to forecast demand if statistical information is (is not) available?

. The plant in China was engineered with an excessive capacity. What could be

the reasons for that? Which methods could be used to support this decision?

. We considered one period analysis. Which methods could you use to lot-size

optimization for multi-period problems?

. Which trade-offs can you see between inventory and transportation costs? Is the

economic order quantity (EOQ) optimal for integrated inventory and transpor-
tation costs? If yes, why? If not, which methods could be used to minimize total
costs? Think up a simple numerical example to explain your approach!
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Chase strategy, 342
Cloud computing, 54

B Cluster storage, 306

Backlog, 340 Cobot, 507

Batch shop, 273 Collaboration, 47, 148

Batch size, 364 Collaborative networks, 62

Big data, 494 Collaborative planning forecasting and
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Bottleneck analysis, 264-265 Complexity management, 457
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Business case, 270 Continuous improvement, 283

Business intelligence, 60—-63 Continuous review system, 388

Business process, 49 Control, 5, 58

Business process management, 49-51 variety, 458

Business process modelling, 51-52 Corner-point solution method, 348
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Critical ratio (CR), 385
Cross-docking, 236

Cyber physical system, 62, 289, 490
Cycle inventory, 364, 370, 371
Cycle time, 249

D

Data and text mining, 499
Decision, 63, 64

Decision tree, 269-270

Decision variable, 160
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Delphi method, 324

Demand planning, 148
Demand-price function, 559
Dependant demand, 353, 360
Design capacity, 255

Deviation, 457

Digitalization, 484-487

Digital technology, 485

Digital twin, 495

Dijkstra algorithm, 412

Disaster management, 28-31
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Disruption, 463

Disruption management, 22
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Distribute-to-order, 146
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Distribution management, 21-22
Distribution network design, 234
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Excel solver, 164, 540
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Factor-rating method, 189-194
Factory of future, 485

Factory planning, 247-249
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First-in-first-out (FIFO), 306
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Flow time, 442

Flying robot, 507, 508
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Forecast quality, 325
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Genetic algorithms, 443
Global optimization, 182
Global sourcing, 122
Graph, 407

Gross requirement, 356

H

Health Safety and Environment (HSE), 250
Heijunka, 399

Heuristic, 70, 421
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Holding costs, 363
Hub-and-spoke network, 238
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Idle time, 276, 446
Industry 4.0, 53, 62, 485, 488
Information, 7
Information technology, 53
Innovation strategy, 86
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on hand, 340

management, 403
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IT project, 55

J

Jidoka, 112, 285

Job shop, 272, 442

Johnson’s algorithm, 446
Just-in-time (JIT), 7, 112, 125, 285

K
Kaizen, 112, 280, 283, 285
Kanban, 280, 287

L

Last-in-first-out (LIFO), 306

Layout planning, 293-314

Lead time, 356, 440

Lean production, 7, 112, 279-286
Lean supply chain, 144

Least unit cost heuristic, 394-395
Less than truck load (LTL), 432
Level strategy, 342

Linear programming, 223, 346
Linear regression 306, 308-310, 324, 326-328
Little’s Law, 260-264

Local sourcing, 122

Logistics management, 20-21
Logistics network, 32

LTL, see Less than truck load (LTL)
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Machine-to-machine (M2M), 488
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Make-to-order, 146
Make-to-stock, 146
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Manufacturing resource planning
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Many-to-many network, 207
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Mean squared error, 325
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162, 420

Model, 66-67

Information, 51, 76
Model-based decision approach, 168
Modelling, 66-67
MODI method, 223
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Moving average, 328-329
Muda, 280
Multi-objective decision making, 65
Multiple objectives, 50
Multiple sourcing, 120

N
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Net requirement, 356

Network, 411

Newsvendor problem, 384-386
Node, 411

Non-competitive pricing, 532-536

0

Objective function, 160, 345
Omnichannel, 495
One-piece single flow, 300
Operational excellence, 483
Operational risks, 104, 463
Operations, 3—-16
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Operations (cont.)
management, 5
planning, 335
research, 70
strategies, 86

Optimality, 64

Optimal price, 552

Optimal rate, 535

Optimization, 70

Order
fulfilment, 49
management, 115
penetration point, 144
pick-up, 306

Ordering costs, 363

Order rate variance ratio, 473

Outsourcing, 17, 118

Overtime, 340, 341

P
Pacing, 274
Pareto-optimal, 65
Path, 411
Payload, 534
Pearl chain, 349
Performance, 6, 64
Performance impact, 474
Periodic review systems, 388
Pick by light, 306
Pick by voice, 306
Pick-up list, 306
Planning, 5
Postponement, 140, 210-211
Price-demand function, 534, 535, 547, 564
Priority rules, 441-444
Problem, 63
Process, 48, 49

flow layout, 296299

optimization, 50, 51
Processing time, 440
Procurement, 114
Product data management, 353
Product flow layout, 299-302
Production floor, 295
Production footprint, 249
Production rate, 275-276, 340
Production strategies, 145, 146
Product-process matrix, 278-279
Pull process, 144, 281
Purchasing, 114
Push/pull, 144, 281
Put-away, 306
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Q

Quadratic assignment problem, 310-312
Quality strategy, 86

Quantity flexibility contracts, 100
Queuing theory, 256

R
Radio frequency identification (RFID), 54
Random storage, 306
Rapid plant assessment, 264
Raw material, 363
Real-time control, 58
Real-time (re)planning, 351
Recurrent risks, 104, 463
Redundancy, 467
Re-engineering, 49-51
Regression analysis, 325
Relationship (REL)-charts, 308-310
Release time, 439
Re-order point, 378
Replenishment interval, 388, 389, 393
Residual capacity, 535
Resilience, 100, 466
Responsiveness, 379
Responsiveness strategy, 86
Retail warehouse, 308
Revenue function, 535
Revenue-sharing contracts, 100
Ripple effect, 464, 466
Ripple-effect, 106
Risk, 22, 456, 457, 461
management, 23, 65, 458, 460
objective, 66, 460
perceived, 66, 460
pooling, 140
Risk mitigation inventory, 467
Robotic processes automation, 501
Robotics, 505-507
Robustness, 468
Rolling planning, 337, 349-351

S

Safety inventory, 364

Safety stock, 380, 381

Sales and operation planning, 343-345
Salvage price, 385

SC Event Management (SCEM), 54, 58-60
Schedule, 439

Scheduled receipts, 355, 356

Scheduling, 439-441

Scheduling dilemma, 441
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Seasonal inventory, 364
Seasonal pricing, 552
Sensitivity analysis, 131, 348
Sequencing, 441
Service level, 364, 470
Service operations, 5
Services, 24-32
Setup costs, 363
Setup time, 440
Shortest path, 409—415
Shortest-processing-time (SPT-rule), 442
Silver-meal heuristic, 396-397
Simple exponential smoothing, 329-331
Simplex method, 348
Simulation, 70, 270-272, 312-313
Simultaneous planning, 338
Single exponential smoothing, 330
Single period system, 384-386
Single sourcing, 120, 121
Six sigma, 283-284
Smart factory, 485
Smart manufacturing, 490
Smart product, 491
Society, 8
Software as a service (SaaS), 46
Sort, systemize, sweep, standardize and sustain
(5S), 305
Sourcing, 24, 25, 114, 115
Sourcing process, 115
Sourcing strategy, 17, 120
Spend analysis, 127
Spreadsheet approach, 163-168
Standard deviation of demand, 382
Steiner—Weber model, 184
Stochastic inventory management, 378
Stockout costs, 363
Storage, 306
Strategic fit, 87
Structure dynamics, 64
Subcontracting, 340
Supplier analysis, 127-129
Supplier base, 35, 115
Supplier collaboration portal, 131, 498
Supplier development, 131
Supplier integration, 131-132
Supplier relationship management, 126—132
Supplier reliability, 474
Supplier selection, 129-131
Supply chain, 7
coordination, 91-100
design, 158
flexibility, 469
management, 7, 9
resilience, 105
robustness, 468
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segmentation, 124
strategy, 87
uncertainty factors, 457
Supply chain operations reference (SCOR), 51
Supply contract, 99
Sustainability, 22, 50, 100
Sweep algorithm, 435-439
System, 63

T
Takt time, 249, 265, 276
Tardiness, 440
Target inventory level, 388, 389, 393
Target planning, 250
Task time, 274
Theory of constraints, 265
3D printing, 39, 502
Throughput time, 278
Time series analysis, 324
Time-to-recovery, 474
Time-to-survive, 474
TOPSIS, 65
Total cost of ownership (TCO), 54
Total productive maintenance (TPM), 299
Total quality management (TQM), 7
Toyota production system, 281-283
Trace and tracking, 21
Tracking and tracing, 493
Trade-off, 50, 65, 364, 375
Transformation process, 5
Transportation, 21

costs, 209

matrix, 224

modes, 240-243

network design, 218-221

problem, 222
Transport network, 206
Transshipment, 213-218
Transshipment problem, 217
Travelling salesman problem (TSP), 416418
Triple exponential smoothing, 324

U
Uncertainty, 65, 456-458
factors, 65, 66
Unified modelling language (UML), 51
U-shape, 304
Utility value analysis, 194

\"
Value, 280, 281
Value added, 5-7, 85, 86
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Value stream mapping, 280 7+1 Waste, 284
Vehicle routing, 427-439 Weighted moving average, 329
Vendor-managed inventory (VMI), 21, 48, Workforce, 340, 341

95-98 ‘Work-in-process, 363

Virtual enterprises, 62
Virtual reality, 504

Virtual store, 37 X

Visibility, 46, 47 XYZ analysis, 367-369
w Y

Wagner—Whitin, 397 Yamazumi chart, 277

Waiting time, 440, 441

Warehouse location problem (WLP), 159-163

Warehouse management systems (WMS), 54 VA

Warehouse process, 305 Zero defects, 305
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