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Disruptions and Risks

World is full of Uncertainties and Risks.

* Uncertainties complicate planning and lead to:

v’ Delays v’ Chaos
v’ Shortages v'Lack of Visibility
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Disruptions and Risks

1 Terrorism

sasters
4

Natural
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Disaster

September 11 in USA, 2001

Five Ford plants have been closed for a long time.

Explosion at BASF plant in Ludwigshafen, 2016

15% of raw materials were missing for the entire supply chain
Production of some products at BASF has been stopped for many
weeks.

Russian - Ukrainian War 2022
Natural gas prices rose by around 120-130% in the 6 months, coal
prices rose by 95-97%.

Strikes at Hyundai plants, 2016
Production of 130,000 cars has been affected.

Earthquake and tsunami in Japan, 2011
Massive collapses in global automotive and electronics supply
chains; Toyota lost its market leadership position.

Covid-19, 2020
The COVID-19 pandemic led to a sharp drop of 29.2% in global
air cargo demand.




Supply Chain Resilience

Supply Chain Resilience

The ability of a supply chain to
maintain, execute, and recover the
planned execution along with the )

achievement of the planned ' o

performance during unexpected events

or disruptions through proactive and
reactive measures.

Resilience
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Supply Chain Resilience Framework

Methodology of Systematic Framework for )
Building Resilient Supply Chains

( 1. Risk Assessment )

- ~
Define the risk
assessment techniques

‘ that can be tailored for
analyzing supply chain
disruptions.

A

'Define the qualitative
and quantitative risk
assessment techniques,
that identifies risks,
impact of risks, and risk

.consequences. ] |
\Jonsed y N /
o
3. Modelling and
i _g ( 2. Risk Mitigation
Simulation L
4 N Define the possible A
Modeling Optimization- proactive and reactive
Simulation approach for \_policies. Yy
finding the best set of - > n
mitigation strategies Investigate the
and its specifications to contribution of industry
maximize supply chain 4.0 technology in
resilience. enhancing resilience

\ ) th h mitigati lan. )
g Y . rough mitigation parl_/




Infant Formula Milk

 Infants' health goes through rapid physical and brain development.
e The only source of nutrition for infants is milk.

 Infant formula milk (IFM), the sole source of nutrition for infants deprived of
mother’s milk in their first two years of life

Importance of Infant Formula Milk for Infants.
¢ _
e In the USA, 67% of infants by the age of 3 months which is equal to 2.7
million babies relying on infant formula milk (IFM) as a part of their daily
nutrition.
e In 2019, only 44% of infants under the age of six months were exclusively
breastfed.
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TAILORING THE FRAMEWORKTO IFM SUPPLY CHAIN

How can we enhance the resilience of IFM Supply Chain? }

Study the IFM supply chain and its important
components

Investigate possible risks that may occur in IFM supply
chain

Propose a general mitigation plan for the IFM supply
chain

10




IFM Supply Chain

Seeds, Spray,
Fertilizers,
Equipment

Chemicals
Equipment

Chemicals, Sprays,
Equipment

Chemicals,
Equipment

Agriculture Farms
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Technology,
Transportation
modes package

matﬂials

Agriculture
Processing Plant

Animal Farm

Diary Processing

Milk Distribution

Planting and harvesting
agricultural products to
feed cows.

Quality Control of harvest
products (Spray the
plants with insecticide,
watering)

Receive raw ingredients,
check ingredients for
weighing, tested and
analyzed for various

nutrients

Feed and raise the animals

Processing Milk

Extract the dairy products

Mix ingredients: the mill
mixes the ingredients to

create a finished product.

monitoring quality control
of the dairy product
production

Packaging the dairy
products

Facilitate the efficient
movement of goods from
the manufacturer to the
end user

Package and label
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IFM Supply Chain

Vegetable oils,
Minerals, Vitamins
(~45), Equipment

Big Packs or
Chillers

Nitrogen, Cans,
Boxes,
Equipment

Technology,
Transportation
modes

Storing
location
equipment

Milk
Distribution

=/
IFM Processing Packing Packing Distributor Retailer Customer
Stage 1 Stage 2 Consumer
Dissolving Ingredients in pre- Fill IFM in big packs Distributing IFM in Sourcing products Store IFM in
heated water/milk. for storing or in Silo small cans with and deliver it to the Ideal humidity
Nitrogen and cans retailers and
Heating the mixture and that prevent light, temperature
Homogenization water, and Co2 Maintain the quality conditions.
: . of the sources
Concentration of Ml_x_ture Distribute cans products Display IFM for
under vacuum conditions. among boxes and customers.

Spray Drying.

Quality Check of ingredients.

label it

11




IFM Supply Chain Inventory

-
MILK

Purpose of the Inventory:

Keeping the ideal conditions to contain and
save the products from damage

® Temperature Silo

@® Pressure

® Hygiene measures

Keeping the products till it is distributed

Transportation Warehouse




IFM Supply Chain Transportation

e On-time delivery as IFM is a perishable product
e Should follow temperature, pressure, and hygiene standards




IFM Supply Chain Stakeholders

Suppliers of
Raw material

Regulatory
Authorities

Manufacturers Retailers Consumers




Supply Chain Resilience Framework

I ——

Systematic Framework for Building Resilient IFM Supply Chain

J WA L

C Risks Assessment ) ( Risks Mitigation
( ] Stage 1 ) [ Stage?2 = ( Stage 3 /\; C Stage 4
7 ‘ Vi . 0
Boundary and Risks . : i . vl
.V. : Risks Risk Classification Build Mitigation
identiication Assessment | | (K-means and K-means ++) Plan
(HAZOP)
- = A - S g )
N [ 7 oo "
i ( | Plan 1
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FrameworK of Resilient IFM Supply

Chain

Methodology of Systematic Framework for Building Resilient Supply Chains

Apply risk assessment
Define the supply techniques that is tailored for Identify Catastrophic Build Mitigation
chain boundaries analyzing supply chain Risks Plan
disruptions
Cost

R R1 Availability
[@;7 R Hazard R2 Lead Times K means Insignifican

aiuiindindadiediy and Health ++ : Mitigation
ﬁfﬁﬁfnﬁ_q Operabilit . Probability & Pl
l f 2 y Study . Risk Velocity K- Hiner e

== . Detectability .
= c e (HAZOP) R91 Risk Clustering
Persistence




Resilient IFM Supply Chain

1. Boundary and Risk Identification
IFM Supply Chain Boundary

| — Agriculture Phase) AR(No)
¢ . (—Dairy Product Phase DR(No)
%
& %
S IFM Phase IR(No)
=
= o Distributer and
— |
Retailer Phase RR(No)
 General Supply
Chain Risks (GR(No)




Resilient IFM Supply Chain

1. Boundary and Risk Identification
HAZOP

B [
.| Code Risk
Stud Process Guide - , Possible _ : _ Target
v Deviation Possible Causes Action Required | Responsible & : . . . .
Node Parameter Word [:Unsequen Ces Date DR.1§ |Filled Inventory that can’t accommodate additional arrival of raw dairy products

[DR17 |Improper saving conditions of raw dairy products
DE18 [Empty Inventory of raw dairy products
DR.19 |Damaged Inventory location of raw dairy products

b3 | 30|DR20 |Producing not enough dairy products
b4 | 51|DR21 |Producing damaged dairy products (wrong processing)
b5 | 32|DR22 |Contamination of dairy products
b6 | 33|DR23 |Machinery damage that processes dairy products
b7 | 54|DRM |Improper savings of the dairy products
8 | 35|DE25 |Damaged warehouse location of dairy products
b9 | 36|DE26 |Filled Inventory that can’t accommodate additional amival of dairy products
B0 | 57|DR27 |Improper saving conditions of dairy products
b1 | 38|DR28 |Empty Inventory of dairy products
E2 | 39|DR29 |Damaged Inventory location of dairy products
solmi Filled Inventory that can’t accommodate additional arrival of milk and vezetable oils,

b3 minerals, and Vitamins and machinery to produce [FM

F4 | 61)IR2  |Improper keeping of the pre-IFM ingredients causes contamination
b5 | 62|[R3  |Damaged Inventory location of Pre-IFM
53|mae Not processing the [FM ingredients within the required instruetions (hot enough
D

b6 heating. not enough mixing, wrong temperature, WIong pressure usage)
E7 | 64|[R5  |IFM processing Equipment breakdown

E3 | 65|[R6  |Dissolving wrong proportions of [FM ingredients




Resilient IFM Supply Chain

2. Risk Assessment
Attributes Definition

A B C D E F G H
1 -
2 No.|Code Risk Category s Probabilit
] Cos S I t -

§49 | 46|DRI16 [Filled Inventory that can’t accommodate additional amrival of raw dairy products conomic Losses mpac
b0 | 47|DR17 |[Improper saving conditions of raw dairy products Health Hazard
51 | 48| DR18 [Empty Inventory of raw dairy products Product Shortage -
b2 | 49|DR1% [Damaged Inventory location of raw dairy products Product Shortage
b3 | 30|DE20 [Producing not enough dairv products Product Shortage ng =
b4 | 31|DR21 [Producing damaged dairy products (wrong processing) Health Hazard Probablllty
b5 | 52|DR22 [Contamination of dairy products zard
b6 | 53|DE23 [Machinery damage that processes dairy products Product Shortage
b7 | 34|DE24 |Improper savings of the dairy products Health Hazard o
b8 | 33|DR23 |Damaged warehouse location of dairy products Product Shortage
b9 | 36| DR26 |Filled Inventory that can’t accommodate additional amival of dairy products Economic Losses R 3 k V l -
0 | 57|DE27 |[Improper saving conditions of dairy products Health Hazard 1 s e 0 Clty
E1 | 38|DR2S [Empty Inventory of dairy products Product Shortage
E2 | 39|DE2% |Damaged Inventory location of dairy products Product Shortage
Filled Inventory that can’t accommodate additional arrival of milk and vegetable oils,

60|IR1 o = Economic Losses
£k} minerals, and Vitamins and machinery to produce IFM O i
4 | 61|IR2  [Improper keeping of the pre-IFM ingredients causes contamination Health Hazard R k D t t b l ty
5 | 62|IR3  [Damaged Inventory location of Pre-IFM Product Shortage ls e ec a l l

63|me Not processing the [FM ingredients within the required instructions (hot enough Insuficient
EE heating, not enough mixing, wrong temperature, wrong pressure usage) Quality
E7 | 64|IRS  |IFM processing Equipment breakdown Product Shortage
E3 | 65|IR6  [Dissolving wrong proportions of [FM insredients Insuficient

Risk Persistence

Cost

Availability /Quantity

Lead Times

Health




Resilient IFM Supply Chain

2. Risk Assessment
Attributes Definition

e A financial measure that represent how a disturbance impact the overall
cost of the supply chain.

* A measurement of the effect of disruption on the quantity of available
amount of products in the market

A measurement of the effect of disruption on the time it takes till the
product reaches the market (Time Delay)

e The effect of the risk on the health of the customer (consumer).

e The probability that this risk will occur taking into consideration that no
measures are being implemented to prevent or control it.

e The speed at which a risk can materialize and escalate

e The easiness or difficulty of identifying and detecting a risk event before
it occurs or causes significant damage

e The duration or the lasting impact of a risk event




Resilient IFM Supply Chain

2. Risk Assessment
K means and K means ++

K-means++

Phase 1 Phase 2
Define the required number of clusters (n) Extract the initial centroids from K means++
T — final result
(No. of centroids = n)
Set random first seed for the centroid v
I »| Assign each node to nearest centroid cluster

Calculate minimum distance from each node
to the available centroids

y

For each cluster, calculate the midpoint

{

Update the centroid value to the calculate mid
point

A4
Set probabilities to each node that correspond
to the distance from the point to the nearest
centroid

Pick the highest probability and assign its
corresponding node as the new centroid

®

K means Clustering

f mid point value =
centroid

If No. of centroids < n




Resilient IFM Supply Chain

2. Risk Assessment
K means and K means ++

10 A

-10

Select centroid 1

data points
® previously selected centroids
® next centroid

* o.- -
. ...
L ' = .:"?-‘..‘1 =
3 Xl
-4 -2 0 2 4 6 8 10

10 1

-10

Select centroid 4

® previously selected centroids
® next centroid

15 1

10 1

-10

data points

® previously selected centroig

® next centroid
-4 =2 0 2 4 10

choosing the initial cluster
centers for more accurate results

Group data into clusters




Resilient IFM Supply Chain

2. Risk Assessment
Catastrophic Risks Identifications

“* IBM ILOG CPLEX Optimization Studio
File Edit Navigate Search Run Window Help

Br-HO@ 4 B0k IE8e SR 2. 08| $~0-BrQegdrid~femodord-
@ OPL Projects % E% § = O [EKmeans++andKClustermod x [ Kmeans+-+andKCluster.dat
& Kmeans++.0ps ~ 120 tloat conv;
[ Kmeans++.dat 121
v 122 float FinalDis;

5 18 Kmeanss +andKClister

5 Problem browser X ©9=Variables ° Breakpoints

Solution v|| 125
©126 float minimumdistance;
Name Value ~ 107

v g Data (35) 128 float minDistKmean[Setpoints];
" b 1 129
[ check [12675 81948 8018.6 7918.8 78701 7.. 130 float nearestcentroid[Setpoints];
<8 clist 1.110 131 )
o cluster 2122512222212222225.. 177 Float suncentlsetpointsl;
- conv 1) 134
B D [[20.208 3.0952 28.493 21.83 4.7244] .. 135
- FinalDis 78701 136 //To Calculate distance between the points and centroid
& firstCentroid Il 137
& Graph {€133321112> <2333 | 138 execute {
4 Graph2 {<1 3.1765 32941 3.2353 4.8235 2. 39 . R
© Graph3 (<1333525345> <2221 4? /(leStCEntTDICE Opl.srand(nx)-1;
& Graph4 {<133321112><2333 4 F1r‘stCentr‘mld:7|1,j s

42 nextcluster[1]=firstCentroid;

& Group (1734151015] 43 writeln("The first Random Centroid is point Number ");
" it 110 44 writeln(firstCentroid);
" k 5 45  TotalsumKmen=@;
g KmeanD [[34958378] [34958378] [1425.. 46
= Kmeansum 123190000] 47 for (var w in SetCentroids)
El maxlmumdirstan(e 26775 for (g in Graph)
’ maxlterations 100 1 8& g.id == firstCentroid)
- minDist 0.69333
= dabical TV ECTY P VLT Y ORLE LW

—_— 123
28 T 0 8124 float

nearestcluster[Setpoints];

Moderate




Resilient IFM Supply Chain

2. Risk Assessment
Catastrophic Risks Identifications

e Have serious impact on infants health.
» Highly affect availability, cost and lead times

is serious negative impact on infants’ health

[ The main negative effect of catastrophic risks J

- \ /’” ¢ »
e Health is an invaluable asset, incapable of being reversed. "y \Fy ¥ 4 j
e No sum of money or any other factor can equate to the loss * e ‘}?J Zal q '
of infant lives. ;

e Even a minor adverse effect on health can swiftly remove a
particular product from the Infant Formula Milk (IFM)
market.




Resilient IFM Supply Chain

4. Build Mitigation Plan

Risk Groups Mitigation Plans

(—

% H AR13 ‘ H DR14 1‘ [ DR17 ’ Strategic Stock
.c:’ \L IMR2 \ H IMR6 H {lMRloi‘y
2 : Geographic Supplier Diversation
& || [iMria| [iMR17] | PR13 |
5 Multiple Sourcing
, | Ar7 |
\ S ‘ Artificial Intelligence (Al)
F ol 7 R and Internet of Things (loT)
;g E H B l‘ H Ly H ‘ it ‘ Big Data Analytics
i
(—3' Cyber-Physical Systems
3 z | ARs |
&8

Blockchain

&




FUTURE WORK

[ Methodology of Systematic Framework for Building Resilient IFM Supply Chains ]
] Apply risk assessment techniques ) A
D:' fl_nebthe S:ium_)ly |:> that is tailored for analyzing supply |:> Identify Catastrophic Risks |:> L R O
chaln poundaries chain disruptions Plan
[f‘”i""“ = R1
o e Hazard and R2 Insignific
E:H | %_._@.H . Operability . Deﬁ.ltl.e ti'e K means ++ - Mitigation
/—| ' :TH ke StUdy . atill:ilbll(;:es' = . Minor Plan
l = = (HAZOP) . : K-Clustering
s = R91
Build a r 7~ e o 4;" '
simulation- o Identify the best set of Local
optimization to mitigation strategies, and at duction | ¥S | Outsourcin
the defined < : : procuction
: which level it should be g
che_rnlcal supply implemented. (Case Study) 9. oue
chain: \) Y
(]
X )







THANK YOU!




