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= Application background: intra-organizational supply network

= Large number of production sites
located in different countries

= Production of a chemical
specialty

= Numerous industrial customers
across the globe

= Contracted annual quantities,
however, highly variable short-
term replenishment quantities

= Introduction of a central supply
chain unit for coordinating

= Development of a customized
linear optimization model




Company profile

= DEGUSSA AG, Dusseldorf, Germany
= World largest producer of special chemicals

= Subsidiaries in all continents

= 46.000 employees / 300 plants worldwide

= Turnover in 2005: 11,800 billion €

Construction
Chemicals

Admixture Systems
Marth America

Admixture Systems
Europe

Admixture Systems
AsialP acific

Construction Systems
Americas

Construction Systems
Europe

Carbon black

Fine & Industrizl
Chamicals

Building Blods
Excluzive Synthesis &

Catalysts

Feroxygen Chemicals
CdChemistry
Feed Additives

Ferfor mance
Materials

Superabsarber
Care Specialties

Oligomers &
Silicones

Food Ingredients

Cosztings &
Adwvanced Fillers

Coatings & Colorants

Advanced Fillers &
Figments

Specialty Polymers

High Fedormance
Falymers

Specialty Acnlics
hdeth acrylates
Flexiglas

Froject House
Catalysis

Froject House
Functional Polymers

Froject House
FroFerm

Advanced
Hanomaterialzs

Homogeneous
Catalysts

Ceramic Membranes
Creazarb

Froligo Mucleic Acid
Chemistny



Supply network in the chemical industry

HE

[E,

[E,

[E,

= Supply Network Planning
% Mid-term coordination of
plant operations

& Integration of production and
distribution activities

P> - Lack of coordination results in

% Excessive inventories
% Poor utilization of capacities
% Violation of delivery dates

- Main planning tasks

& Allocation of production volumes
to plants

& Determination of the production
mode for the main product and
the generation of energy




P Advanced Planning Systems (APS)
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= Mathematical methods

% LP and MILP, heuristics Based on

generic
model
Planning

Production Transportation Order

External Planning / Planning / Fulfilment
Procurement Detailed Vehicle ATP / CTP

Scheduling Scheduling

= Decisions

== Allocation of production quantities between plants
== Supply from the plants to DCs and customers



=
ﬁ
 e—

Advanced Planning Systems (APS)

i

® Generic model formulation

Storage and handling capacity at DCs

Z_ ap Y pjt SSle
peP(i)

Productlon capacity at plants

2 2. api - Xpijt < PCit
peP(i) jed(i)

S a3 T ay

ijkt < HC
peP(i) iel(j) peP(i) keK(j)

Storage and handling costs per DC

Transportation capacity per I|nk /{ )E/'fﬁﬂe/
> ap - Xpijt < TCijy 2 2 Xhpypie+ 2 2 2 D CpjkZpjke

0eP(i) peP jeld teT peP jeJ keK(])teT
e
A%gregate d(zmand per DC Production costs per plants
Z i =
pjkt pkt i * X pii
jed (k) JE_DC_B N 2 2 22 il pit

peP(i) iel jelJ(i) teT

o Tao AT

" Assignment of attributes to pre-defined entities
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M Production process Carbon Black

BERLIN

Production volume: several 100,000 t per annum

= 100 product specifications

= Continuous production process

Trans-
formation

| Feed A

|_FeedB Process

| FeedC
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Implementation of an APS

= Company negotiates
annual volumes with
key customers.

-

= Customers request
deliveries upon short

notice.

Forecasting the
period distribution
of annual demand

U o

Allocation of
customer demands
to production sites




M Demand planning
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= Adaptation of Winters forecasting technique
= Considerably increased forecast accuracy

= Forecast represents network-wide commitment

o“

_ ==m Forecast incl. seasonality |

=== Observed demand

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
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Forecasting the 32K R P R FIETED
period distribution
of annual demand

335538 ¢t
Estimated Den d2UEIEI[M Irm ]Th
d all M

Waniable Froduction Costs

127.959.714 EUR
Trangpor t Costs

GLOCAP Databas Produced Quantity
| MAG_Fund=2000 Edit T abel |
d

16.205.319 EUR
Energy Refund
15922 414 EUR
Total Costs
128.242 619 EUR
Total Revenues
205289674 EUR
Total Contribution Margin
77.047.055 EUR

DGw 52500 t

CEN E3.852 t
- COF 56.062
DIt 3042 ¢
Allocation of
KaL E3.256 t
CAR 10160 ¢
CEP 3225 ¢t

customer demands
to production sites

= Production volume in the production
sites and at each production train

= Transportation volumes between production sites and customers

= (Generation of energy from side-products
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Objectives in Supply Network Planning

Minimization of = Production costs
(site, train)

i

= Transportation costs
(Distance, carrier)

IDCp,GER,Trainl,t
- -
o ~E-Em- - PCpaer traing
- -

I:)Cp,GER ,Train3,t

= (negative) energy refund

= |nventory costs

I:)Cp,RSA,Trainl,t
¢ - ~
- -

I:)Cp,RSA,Train 2.t




\ APS Implementation: Body of constraints 2
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= Customer Demand

U Limited substitutability of products

& Delivery only from sites, which have a
customer approval for the product

& A customer demand may only be
covered by deliveries from a limited
number of sites

L <CD,,,-B

C,p,v S,C,p

Ts,c, ,v,tZAc, ,v,t’CDc, V
) - b se{s'eS|(s',c, p)e A} P P P
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= Production

o Distribution of the delivered

volumes at the production trains

SVs,p,t — SVs,p,t—l + Z I:)Vs,tr(s),p,t -
tr(s)eTR(s)

- -
- -

< MaxSV

T

= Storage capacity

s,p,t

s,c,p,v,t

ce{c'eC|(s,c’, p)eA}

O

o

4
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= Production

o Production capacity at equipment level

2




M APS Implementation: Body of constraints 2
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= Production

o Production capacity at equipment level

—)

Z I:)Vs,tr(s),p,t < AE
0O e(s),t
peP,tr(s)eTR(e(s))  S:tr(s).p




=
ﬁ
 e—

i

\ APS Implementation: Body of constraints
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= Production
o Minimum sales from production sites

D Ticpue = MinT,

ce{c'eC|(s,c, p)eA}
peP,veV,teT
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\ APS Implementation: Body of constraints
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= Energy
o Transformation capacity of the sites

S CPyp PVaspe < MaxCPy- AT,
peP,tr(s)eTR(s)
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= Energy
o Distribution of the aggregate energy of the various

energy types

Z EVs,tr(S),|0 °CPS,U(S),P ' PVS'”(S)’p’t

peP,
tr(s)eTR(s) _

G
/ 3600- Z =
eteET EETS’Et

NN

ransformation




HE

\ APS Implementation: Body of constraints
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= Energy
o Lower and upper limit on energy sales of the various

energy types
et2 < Gs,et2,t < I\/IaXEs,etZ,t 'Ys,et2

Iv”nEs,etZ,t 'Ys,

Transformation

ransformation




Optimization software architecture

| OPL Studio

MILP
models
(OPL)

Solver

SQ
Data u
SQ

(CPLEX)

p=
O
O

User and scenario administration

Graphical user interface

=
 e—

i
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P/ Application of the optimization model 2
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= Currently numerous managers are using
the tool for operative planning.

= Rolled out in Europe, US and Asia.

= Estimated financial benefit
per year from supply network
planning exceeded project
costs by far.

= Further benefits arise from
improved supply network
design.

= Scenario mode is used extensively, e.g., for
capacity decisions, evaluation of approvals and
of the profitability of energy transformation.
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