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Make-and-pack productionp p

Bottling and packaging linePremix 
tanks

To be found in the consumer goods industry  e g  in the 

tanks

To be found in the consumer goods industry, e.g. in the 
production of food, beverages, detergents, cosmetics.
Th  i  ft   i l  b ttl k t    bi d fi l There is often a single bottleneck stage, e.g. a combined final 
bottling and packaging stage.

Often highly capital-intensive production equipment used, 
e.g. investment of € 20 Mio for a bottling and packaging line.



Product-line assignmentg

Production of beverages

Carton boxes Plastic bottles Glass bottlesProduction lines

Type 1 Type 2 Type n…Packaging form

1 2 …… 1 2 …… 1 2 ……Product type (recipe)



Setup driversSetup drivers

Major setup times for changing the packaging format
e.g. 14 hours for setting up a stretch blow molding machinee.g. 14 hours for setting up a stretch blow molding machine

Mi  t  ti  f  h i  th  d t t  ( i )Minor setup times for changing the product type (recipe)
e.g. 90 minutes for cleaning pipelines and adjusting tanks

Sources: http://www.horapolytech.com/ http://www.answers.com/topic/blow-molding



Basic block planning principlep g p p

Natural production sequence  e g  from light to dark

Production lot Major setup

Natural production sequence, e.g. from light to dark

Minor setup

j p

… 2KK+2K+1…21 K

1 2 P1 2 PProduct 1 2

2K+1 …2K+2 …

TimePeriod 1 (Block 1) Period 2 (Block 2) Period 3 (Block 3)

Establishment of cyclical production patterns
One block per week with flexible start-off timep



Key issues of block planningy p g
Given setup families and fixed setup sequences within a family1 2 P…

Binary variables for product setups and variable lot sizes…21 K

Each block is assigned to a macro-period, e.g. a week.

Demand is assigned to micro-periods, e.g. days.

…21
TimePeriod 1 (Block 1)

Demand is assigned to micro periods, e.g. days.

The start and ending times of the blocks are variable, i.e. blocks may start in a previous 
period, but have to be completed before the end of the period they are assigned to.pe od, but a e to be co p eted be o e t e e d o t e pe od t ey a e ass g ed to

…

Period t

Objective function: Minimize total processing, setup and holding costs

Block t

j p g, p g



Block pattern for a bottling linep g
Production lot

Packaging form 1

Major setup

Packaging form 2 Packaging form n…Packaging form 1 Packaging form 2 Packaging form n

1 2 … 1 2 … 1 2 …

Sub-lot (recipe)

Minor setup

Applications in consumer goods industry:
( f )yoghurt production (cf. Lütke Entrup et al. 2005)

hair dye production (cf. Günther et al. 2006)



MILP model formulation

{ }0 1ρ ∈

…Packaging form Packaging form { }0 1lt ,σ ∈
{ }0 1kl ,ρ ∈

0X ≥ 0klX ≥

Production lots only activated if the block is set up

kl lt lt
k K

Kρ σ≤ ⋅∑ l L,t T∀ ∈ ∈
k Klt∈

Lot size enforced to zero if no setup takes place

kl kl klX M ρ≤ ⋅ lk K ,l L∀ ∈ ∈



MILP model formulation
{ }0 1jkl ,π ∈

j=1 j=2 ……… { }0 1kl ,ρ ∈
j

0jklx ≥jkl

Sub-lots only activated if the production lot is set up

jkl kl kl
j Jkl

Jπ ρ
∈

≤ ⋅∑ lk K ,l L∀ ∈ ∈

S b l t i f d t if t t k lSub-lot size enforced to zero if no setup takes place

jkl jkl jklx m π≤ ⋅ kl lj J ,k K ,l L∀ ∈ ∈ ∈

Allocation of production lot size between sub-lots
jkl kl

j Jkl

x X
∈

=∑
lk K ,l L∀ ∈ ∈

j kl



MILP model formulation
Packaging forms { }0 1kl ,ρ ∈

j=1 j=2 ……… { }0 1jkl , ,π ∈ 0jklx ≥
ltα

⎛ ⎞

0ltδ ≥

Duration of a block
( )lt l kl l jkl jkl jkl

k K j Jlt kl

S s a xδ ρ π
∈ ∈

⎛ ⎞
⎜ ⎟= ⋅ + ⋅ + ⋅
⎜ ⎟
⎝ ⎠

∑ ∑ l L,t T∀ ∈ ∈
Duration of a block

Start time of a block

llt tα α≥ l L,t T∀ ∈ ∈

Succession of blocks

1 1lt l ,t l ,tα α δ− −≥ +
12 with 0ll L t T α∀ ∈ = =1 1lt l ,t l ,t 12 with 0ll L,t ,..., T α∀ ∈



MILP model formulation
Packaging forms

j=1 j=2 ……

0δ ≥
ltα ltΩ ltγ…

0ltδ ≥

Blocks with production lots must be completed before the end of the weekBlocks with production lots must be completed before the end of the week.

lt lt tα δ γ+ ≤ l L,t T∀ ∈ ∈

End time of production lots relative to the start time of the block

( )1kl k l l kl l kl kl klS s a xρ πΩ = Ω + ⋅ + ⋅ + ⋅∑ ( )1kl k ,l l kl l kl jkl jkl
j Jkl

S s a xρ π−
∈

Ω = Ω + ⋅ + ⋅ + ⋅∑
0withlt l ltk K ,l L ,t T α∀ ∈ ∈ ∈ Ω =



MILP model formulation
Packaging form

ΩltΩ
Mo Tu We Th Fr

Example: Ω = 2.5;  τ = 1,…,5Heaviside function for tracing the 

1kl kl
klz τ

τ τ−Ω −Ω
≤ ≤ +

daily completion of production lots

0.7 0.9 1.1 1.3 1.5
τ=1 τ=2 τ=3 τ=4 τ=5

2

kl lk K l DL τ∀ ∈ ∈ ∈

kl
kl kld dτ 0.7

z=0 z=0
z=1 z=1 z=11

0kl lk K ,l DL,τ∀ ∈ ∈ ∈

-0.3 -0.1 0.1 0.3 0.5
0

−1



MILP model formulation

z=1 z=1 z=1
τ=1 τ=2 τ=3 τ=4 τ=5

1

z=0 z=0
z=1 z=1 z=1

0 Production output achieved when the
q=0 q=0 q≥0 q=0 q=0

( )M≤∑ ith 0k K l L D∀

p
heaviside variable switches from 0 to 1

( )1jl kl kl kl ,
j Jkl

q M z zτ τ τ −
∈

≤ ⋅ −∑ with 0l kl kldkl
k K ,l L, D zτ∀ ∈ ∈ ∈ =

jl jklq x=∑ kl lj J k K l L∀ ∈ ∈ ∈jl jkl
Dkl

q xτ
τ∈

=∑ kl lj J ,k K ,l L∀ ∈ ∈ ∈

Inventory balances for each product and day

1p p, jl p
l L j Jp pl

F F q Eτ τ τ τ−
∈ ∈

= + −∑ ∑ with givenp0p P, D Fτ∀ ∈ ∈ =
p p



MILP model formulation
…Packaging form 1 Packaging form 2 Packaging form n

1 2 … 1 2 … 1 2 …

Objective function: Minimize total costs for production, clean-outs, 
major and minor setups, and inventory holding

MajPr od Clean
l lt l lt kll

l L t T l L t T l L k Kl

c c cδ σ ρ
∈ ∈ ∈ ∈ ∈ ∈

⎡ ⎤⋅ + ⋅ + ⋅ +
⎢ ⎥
⎢ ⎥
∑∑ ∑∑ ∑ ∑

min
l L t T l L t T l L k Kl

Min Inv
l jkl p p

l L k K j J p P Dl kl

c c F τ
τ

π

∈ ∈ ∈ ∈ ∈ ∈

∈ ∈ ∈ ∈ ∈

⎢ ⎥
⎢ ⎥⋅ + ⋅⎢ ⎥
⎣ ⎦
∑ ∑ ∑ ∑ ∑
l L k K j J p P Dl kl τ∈ ∈ ∈ ∈ ∈⎣ ⎦



Computational Experimentsp p
Product-line assignments in the FRUTADO case study

Line 1 3 4 5
Plant 1

g y

e

Line 2 11 111122 1212 1313 1414 151566 161677 88 99 1010

Pl 2
11 22 1919

131366

Plant 2
Line 3

Line 4 77

3 4 5 17

Plant 3

Line 5 183 5 17

11 22 33 44 55

Line 5

Line 6

18



Experimental settingp g
Implementation using ILOG OPL Studio 6.1.1 with CPLEX 11.2

Two capacity load scenarios: 75% and 90%
PC: Dual Xeon Quad Core 2.5 GHz processor and 4 GB RAM
Two capacity load scenarios: 75% and 90%

Three demand granularities: 1 (low), 3 (medium) ,5 (high)g ( ), ( ) , ( g )

Daily demand randomly assigned to DCs

All other data taken from the FRUTADO case

Comparison of rigid vs. flexible block planning, 
i.e. one-week vs. two-week time window per blockp



Numerical results: 75% capacity load scenariop y



Numerical results: 90% capacity load scenariop y



CPU times for an extended model formulation

Granularity
CPU time 

(flexible / rigid block planning)

75% capacity load

Granularity 
level

(flexible / rigid block planning) 
in sec

min max

1
4 / 5 7 / 3584 / 5 7 / 358

3
10 / 9 102 / 88

5
10 / 16 69 / 109

Granularity 
CPU time 

(flexible / rigid block planning) 

90% capacity load
level in sec

min max

1
3 / 8 6 / 19913 / 8 6 / 1991

3
16 / 38 56 / 1080

5
70 / 94 983 / 560



Conclusion
To support block planning in a make-and-pack environment a novel 
MILP model formulation based on a continuous representation of time 
has been developed.

The model formulation exploits human expertise on the definition of 
setup families and the sequence of production runs within a block.

The model considers  the daily assignment of demand elements.

Fl ibl  bl k l i   t  b  i  d t  i id bl k Flexible block planning appears to be superior compared to rigid block 
planning.

MILP modelling provides a flexible framework to integrate many 
application-specific features.


