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Elennis Bricker, U. of lowa, 1997

An analyst for Labatt's Ontario Breweries was faced with

a question posed by the warehouse manager concerning

the repair and replacement policy for pallets used in the
shipment of beer.

Should the pallets be repaired when damaged, and if so,
how often? This question always arose in early summer
when the supply of pallets became tighter as a result of
increased summer shipments.
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Elennis Bricker, U. of lowa, 1997

Labatt's belongs to a pallet pool with the other breweries
in Ontario and Quebec and their common retail outlets.

The pallets were used for shpments to the retail outlets
from the breweries and for the return of empties. Each
brewery shipped its products to manv locations through-
out both provinces. The use of a common bottle and
pallet by breweries in Canada allowed the return of
empties to any brewery.
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Elennis Bricker, U. of lowa, 1997

New bottles, when shipped to the breweries from the
glass manufacturers, were shipped on new pallets.
The bill for the new pallets was included with the bill
for the new bottles.

From time to time, additional pallets could be ordered
by the individual breweries, if required. The number of
new pallets purchased by each brewery was recorded,
and at the end of each fiscal year, breweries that had
purchased more than their share were compensated by
those breweries that had purchased less than their share.
(A brewery's share of new pallets to be purchased was
determined by its share of the market.)
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Elennis Bricker, U. of lowa, 1997

Damaged pallets were repaired by individual breweries
if feasible. If a center block had been damaged, the
pallet was not repaired.

When questioned, the foreman at Labatt's in charge of
pallet repair said: "Pallets are damaged through abuse
by the handlers." Often, in repairing a pallet, the new
nails would split a center block which would necessitate
scrapping of the pallet.

Approximately 10 percent of the damaged pallets were
unrepairable.
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Elennis Bricker, U. of lowa, 1997

Average cost of a new pallet is $4.47
Average cost of repairing a pallet was $2.07

The foreman in charge of repairs considered those over
2 yvears old not worth repairing, and they were scrapped.

Labatt's current repair policy is to repair a damaged
pallet only if the age is no more than two years.

$0.7 5 was the most ever received for damaged pallets,
but the warehouse manager thought that as much as
$1.50 might be obtained if the scrapped pallets were
in a better condition.
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Average

Hamage Kales
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FPallets
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wear # 1
FPallets
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wear #2
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Elennis Bricker, U. of lowa, 1997

Current |

Policy
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FPossihfe stafes:

=1 on N s fe] O —

Mew (less than one year old)

Age 1, never damaged

Age 2 never damaged

Age 1, repaired

Age 2, repaired second vear (& possibly first)
Age 2, repaired first vear only

Age 3
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Elennis Bricker, U. of lowa, 1997

Rather than model a "typical” pallet, which has

a limited lifetime (no more than 4 vears), we

will model a pallet AND 1its future replacements,
so that when a pallet 1s scrapped, the state of

the pallet returns to "New "', 1.e., the state of the
replacement pallet.
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Elennis Bricker, U. of lowa, 1997

@ slelas
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&ge 1, uhdamaged

Age 2, undamaged

Age 1, repaired

age 2, repaired 2™ year
repaired 1% year only b
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What transitions are possible?
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Elennis Bricker, U. of lowa, 1997

e Fi&stes
: Meywy

&ge 1, uhdamaged

Age 2, undamaged

Age 1, repaired

age 2, repaired 2™ year
repaired 1% year only b

+
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Elennis Bricker, U. of lowa, 1997

si&lss

Mew

&ge 1, uhdamaged

Age 2, undamaged

Age 1, repaired

age 2, repaired 2™ year
repaired 1% year only b

+

ot I L T ) (Y W O I L
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@ P oEmaged & rangirgbia, 1E wi next he i sisie &
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Elennis Bricker, U. of lowa, 1997

SIEIES

My

Age 1, undarmaged

Age 2, undamaged

Age 1, repaired

Ane 2, repaired 2™ year :
4ge 2, repaired 1% year only|
Age 3
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Average

Hamage Kales
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Elennis Bricker, U. of lowa, 1997

SIEIES

My

Age 1, undarmaged

Age 2, undamaged

Age 1, repaired

Ane 2, repaired 2™ year :
4ge 2, repaired 1% year only|
Age 3

ot I L T ) (Y W O I L

p,, = probability that new pallet is damaged in first
vear, but 15 not repairable
= 0.22x%x0.10 = 0.022
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Elennis Bricker, U. of lowa, 1997

SIEIES

My

Age 1, undarmaged

Age 2, undamaged

Age 1, repaired

Ane 2, repaired 2™ year :
4ge 2, repaired 1% year only|
Age 3

ot I L T ) (Y W O I L

p,, = probability that new pallet 15 not damaged in
its first vear
= 1-022 =078
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Elennis Bricker, U. of lowa, 1997

si&lss

Mew

Age 1, undarmaged

Age 2, undamaged

Age 1, repaired

Ane 2, repaired 2™ year :
age 2, repaired 1% year only |
Age 5

ot I L T ) (Y W O I L

p,4= probability that new pallet 15 damaged in its
first wvear, and 1s repairable
= 022x 090 = 0,198
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Elennis Bricker, U. of lowa, 1997

SIEIES

My

Age 1, undarmaged

Age 2, undamaged

Age 1, repaired

Ane 2, repaired 2™ year :
4ge 2, repaired 1% year only|
Age 3

ot I L T ) (Y W O I L

p,,= probability that undamaged 1-yr-old pallet
15 damaged next vear & 15 unrepairable

_ 045 _
= —555 X 0.10 = 0037/
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Elennis Bricker, U. of lowa, 1997

si&lss

Mew

Age 1, undarmaged

Age 2, undamaged

Age 1, repaired

Ane 2, repaired 2™ year :
age 2, repaired 1% year only |
Age 5

ot I L T ) (Y W O I L

= probability that undamaged T-yr-old pallet 15
not damaged in 1ts second vear

= 033 =0 423
0.33+0.45
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sigles

=l O A fu ] RO —

Mew
Age 1, undamaged

Age 2, undamaged

&g0e 1, repaired

age 2, repaired 2™ year

Age 2, repaired 5t gear only
Age 5

Tranzition Probability Matrix

1 z 3 o 5 3] T
0.022 0.78 0 0.192 0 0 0
n.0532 0 n.423 0 n.519 0 n
1 n n n n n n
n.047 0 n n n.423 0.53 0
n.23 0 n n n n n.1v
0.906 0 n n n n 0. 094
1 0 0 0 0 0 0
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State Distribution

0.031032156

i PLik

1| Hew 0.3329594

2| Age 1, vndamnaced 0.26043333
3| Age 2, vndanacped 0.11018657
d | bope 1, repaired 0066122962
5| &ge 2, BEepair yr 2 | 0.16316388
B | fge 2, repair yrr 1 | 0.0350457

T e 3

Current

Policy

page 21
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Elennis Bricker, U. of lowa, 1997

Current

Policy

Syatem cogtasrevenues by atate

i

~-CosT-- FEELTINT P SCRE0 Ve
Hew 3.72

doge 1, wadamacped ]

bope 2, wndamacped ]

repaired 2.07

Bepair yr 2| Z.07

repair yrd | 0

0

=1 00 O W DD B

3331
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8/23/00

i state Fi C Fi=C

1 | Hew 0.32330594 2.72 | 1.242320

2 | age 1, uwndamaged 0.260422332 |0 0

3 | age 2, wndamaged 0.11018657 | 0 0

4 | age 1, repaired 0.066123962 | 2.07 | 0.1363766
5§ | age 2, Repair yr 2 | 0.16316388 | Z.07 | 0.33774023
B | Age 2, repair yr 1 0.0250457 1] ]

7| Age 3 0.0210321566 | 0 0

The average cost-period in steady state iz 1.7169543

page 23

Current

Policy

AnnuE Cosl of e, wader e current polic), is
$1.7169548
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Elennis Bricker, U. of lowa, 1997

Repetition # 1 SrrrisiFEian
b {?fﬁ

F nFhel
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Elennis Bricker, U. of lowa, 1997

Repetition #2 SrrrisiFEian
b {?fﬁ

F nFhel

foLrent

Palariinl




Labatt 8/23/00 page 26

Elennis Bricker, U. of lowa, 1997

Repetition #3 SrrrisiFEian
b {?fﬁ

F nFhel

foLrent

Palariinl
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Elennis Bricker, U. of lowa, 1997

Repetition #4 SrrrisiFEian
b {?fﬁ

F nFhel

foLrent

Palariinl
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Elennis Bricker, U. of lowa, 1997

123456789

Simunlation results:

Current
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The array EUH haz
Each row of the array
Hote: Colwn 1 represe

+-COST[RUH]
59.55 49.2 54.99 57.48

:

C+COST[REUH1>+31
1.9200677 1.5870062 1.
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bheen globally defined in the workspace.
repregents a repetition of the szimumlation.
nta stage 0, i.e. the initial ztate.

Sriiialion

TTINTL 1.9544038 SHHFHAF Cosls ey
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(ot et
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Elennis Bricker, U. of lowa, 1997

resent Yaluez by Period Currendt
. Fiolic
present cumulative b
ear cost value present value
n Cn P Cn Wi
0 3.72 3.72 3.72
1 0.4917 0.40975 4.12975
y: 1.2250767 0.85074771 4.9304977
3 3.1433512 1.819069 6.7995667
4 0.20001299  0.42921441 7.2287811 .
5 1.2541028  0.50403108 7732513 initial state = 1
5] Z.8006297 0.393792521 2.6T07383 interest rate= 203%
7 1.1613007 0.3240977 £.994536
g 1.3026614 0.30295741 9.2977934
g Z.5245576 0.49121425 9.7290077
10 1 .3515626 0.218283229 10.007291
11 1 .23577965 0.1227431 10.1900324
12 2. 3296705 0.26128505 10451322
13 1.4533359 0.13863561 10.559951
14 1.4129901 0.11005295 10.700014
15 24730311 014104161 10.541055
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Elennis Bricker, U. of lowa, 1997

Cumulative present value
of annual costs

Current

Policy

page 30

oresent value ($)

initial state = 1
interest rate= 20E

| | | | | | | | | | | | | |
n 1 2 3 4 &5 B 7 2 9

Vears

10 11 12 12 14 15 16
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Elennis Bricker, U. of lowa, 1997

Current

Pregent valuwe of all future coste, for sach initial state:

Policy

Cunzing interesgt rate 20%, i.e. dizcount factor 0.833333332

i initial state 30

1 | Hew 11 .327469
2| Age 1, vndamaged g2.7T26854
3| Aye 2, undamnaged 9 .4595575
4 | Age 1, repaired 10.621525
5 | &ye 2, Bepair yr 2 [11.290627
B | Age 2, repair yr 1 Q.34 02378
T | Aye 3 9.4395575

a55Uming 2
20% interest
rate
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Elennis Bricker, U. of lowa, 1997

What are some alternative repair policies?

fE naiiel fss booy repgired
SUEVIAS | S 15 FOFHT AETRTFO,
renisee 1

Policy:
Repair only once

M Epstiel s soe Fororesiern,
SR 15 aEnsged renisce i

Policy:
Repair in first
yvear only

Policy:
No repairs

A IS FEAE0S F TR Ge el
(Fherei aliminstiing e nead for
F g siand
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Elennis Bricker, U. of lowa, 1997

Policy: . FEnsiiel fims bear ropsired
A VTS ST 15 FQEiT FETseed
reniEce i

Repair only once

Sisiss

Mew

Age 1, undamaged

Age 2, undamaged

Age 1, repaired

Age 2, repaired 2™ year

AgQe 2, repaired 5t year anly
Age 3 :

=l N s kD —

Frapsitions from 218le & 1o si872
S NEVER gocur, upder TS polichy!
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Repair only once

8/23/00

=1 O e LD B

page 34

sigles

=l O A fu ] RO —

Mew
Age 1, undamaged

Age 2, undamaged

&g0e 1, repaired

age 2, repaired 2™ year

Age 2, repaired 5t gear only
Age 5

Tranzition Probability Matrix

ProookP oo

« 022
. 055

2T
.83
M=1113]

233 510

53

Lo R e e e e e R e
Lo R e e e e e R e
Lo R e e e e e R e
Lo R e e e e e R e
" .
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Elennis Bricker, U. of lowa, 1997

Policy:
Repair onlv once

Steady State Distribution

PLit

0.34525312
Tl avnacped 0.26930133
1 amagped 0.1139144F
repaired 0.062361107
Bepair yr 2 0.13976739
repair yr 1 0.036231387

0.027166Z207F

it
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Elennis Bricker, U. of lowa, 1997

Assiring  Tob sovan waiie!

i state Fi C FixC

1 | Hew 0.34525812 | 3.72 | 1.2843602
2 | Age 1, uwndamaged 0.269320133 0 1 ﬁ
3 | age 2, wndamaged 0.1130144F 0 1 :
4 | age 1, repaired 0.0623361107 [ 2.07 | 0.14150749 F
5 | Age 2, Repair yr 2 | 0.13976739 | 2.07 | 0.28593185
6 | Age 2, repair yr 1 | 0.036231387 | 0 1 &
7| Age 3 0.027166207 | 0 1

The average cost. period in steady state iz 1.7151862
AUEN COsE per pEeL, Gnder LS polic), IS
$1.7151862
WA 15 SAGRL FE5S R TREE aF IRe Clrent polic),

$1.7160548
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Assning Fob soran waie)

8/23/00

page 37

Policy:

Repair onlv once

Fregent valwe of all futwre cosgtaz, for each initial state:

Cuaing interest rate 20%, i.e. dizcownt factor 0.8333332332

i

4

=100 e LD B

11.40129
2.TEEEE3T
9.5010753

10.66607:

11.301872
Q.3022251
Q.5010753
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8/23/00

FPrezeant Values by Period

page 38

n Cn FYCn W
1] 23.72 23.72 23.72
1 0.4917 0.40975 4.12975
2 1.3632703 0.94671553 5.0764053
3 2.9289745 1.6950024 6.7T714742
4 0.91927206 0.44361162 72150852
5 1.5014744 0.60340229 T.2124047
3} 2.4965153 0.33607792 2.A54572R
T 1.1930783 0.33296R26 8.9375389
a3 1.5865413 0.36897379 9.3565177
q 2.217a37 0.429851 04 Q.,.T863637
10 1.372600% 0.22168264 410.002051
11 1.63281974 0.22048169 40.2285332
12 2.0385321 0.22864167 10.457175
13 1.4904936 0.13930778 10.596453
14 1.6694245 0.1300Z2574 410.726503
15 1.9231645 0.1242239 10.851332

Policy:

Repair onlv once

r=20%
initial state: 1
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Elennis Bricker, U. of lowa, 1997

oresent value ($)

L ] = T == I =
]

12—
11 4

Cuwnnlative present valuwe of cosgte or revenunss ve period

| | | | | | | | | | | | | | | |
2 2 4 5 B 7 82 9 10 11 12 12 14 15 16

Vears
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Elennis Bricker, U. of lowa, 1997

oresent value ($)

Superimposing present value for this
and the current policies:

FEOSH -G -GN0E

{dmsming T soren velius)

| | | | | | | | | | | | | | | |
1 2 2 4 5 B F 8 9 10 11 12 13 14 15 16

] Vears
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Elennis Bricker, U. of lowa, 1997

Policy: (F g pEiel is sge [ or gresten
Repair in first | &%/7/s damnsged, replace it

vear only

SSIEE

M ey

Age 1, undamaged

Age 2, undamaged

Age 1, repaired

Age 2, repaired 2™ year
Age 2, repaired 5t year anl
Age 3

s L T ) R A T LN

fransifraons info sigfie 5
will noever occiir?
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[

Policy:
Repair in first
vear only

8/23/00

=1 O e LD B

page 42

sigles

=l O A fu ] RO —

Mew
Age 1, undamaged

Age 2, undamaged

&g0e 1, repaired

age 2, repaired 2™ year
Age 2, repaired 5t gear only
Age 5

Trangition Probability Matrix

1 z 3 o 5 3] T
0.022 0.78 0 n.i9z 0 0 0
n.5%7 0 n.423 0 ] n n
1 n n n ] n n
n.4v 0 n n ] n.53 0
n n n n 1 n n
n.906 0 n n ] n 0. 094
1 n n n ] n n
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Elennis Bricker, U. of lowa, 1997

Tranzition Probability Matrix

1 2 3 4 5 3]
0.022 0.72 0 0.192 0 ]
0.577 0 0.423 0 ] ]
i ] ] ] ] ]
0.47 0 ] ] 0.52 0
0.90&8 0 ] ] ] 0. 094
1 ] ] ] ] ]

i

1 Hew

2 Ape 1, wodamaced
3 Age 2, uwndamaged
4 Acge 1, repaired
5 Age 2, repaired
6 Aoe 3

page 43

policy:
Repair in first
year Dﬂl}r :

fet s afimingle the sigfe
age 2, repaired 2™ year
g renumber e states
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Elennis Bricker, U. of lowa, 1997

ASSHNNG  S5E soran walve.

Policy:
Repair in first |

i ttate Fi C PFixC
| vear only
1 Hew 041275506 J.72]1.5354453 g
2 H.Q'E' 1 . mﬂ_mged_ 0.22194505 ] 0 e
3| age 2, vndamaged | 0.13615444 |0 1
4 | Age 1, repaired 0.021725502 |2.07|0.16017170F
5 | Age 2, repaired 0. 043314516 |0 1] :
3} Apge 3 00040715645 0 0

The average cogt-period in steady state iz 1.704BZ206

The annval cost per naifel wiil be $1.7046206
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Elennis Bricker, U. of lowa, 1997

Policy:
Repair in first
vear only

Pregent value of all future cosgtz, for each initial statel

Cuzing interest rate Z20%, i.e. dizcouwnt factor 0.833333332

i State P

1 Hew 11 .420285
2 Ao 1, mndamaged g2.2924378
] Aoge 2, undamaged 9. 5663045
4 Aoge 1, repaired 10.72563

5 Aoge 2, repaired Q.417023
3] dige 3 9. 5663045
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Elennis Bricker, U. of lowa, 1997

8/23/00

Prezent Values by Period

n Cn FYCn Wi
1] 3.72 3.72 3.72
1 0.4917 0.40975 4 .12975
2 2.0312238 1.4105721 5.5403221
3 1.8927372 1.08953635 6 .6356903
4 1.23905154 0.67053035 T.23062712
5 1.9267595 0.77432145 202059265
& 1.6221106 0.54324155 2.R238342
7 1.6912101 0.47215315 Q. 09533732
2 1.75034 0.40713943 Q.5031768
= 1.665303 0.32284375 Q.8260206
10 1.7226107 0.27821125 410.104232
11 1.7034514 0.22926409 410,3334965
12 1.6923235 0.19047322 10.523974
13 1.7114402 0.159927 10.623901
14 1.7010238 0.132423/9 10.2816358
15 1.7053732 0.11063338 10.927076

page 46

Policy:
Repair in first
vear only
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Elennis Bricker, U. of lowa, 1997

Cuwnnlative present valuwe of cosgte or revenunss ve period

12—
11 4

L ] = T == I =
]

| | | | | | | | | | | | | | |
o1 2 3 4 &5 B 7 =2 9 10 11 12 12 14 15
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Elennis Bricker, U. of lowa, 1997

Policy:
No repairs

A IS FEAE0S F TR Ge el
(Fherei aliminstiing e nead for
F g siand

SiEIES

Mew

Age 1, undamaged

AgQe 2, undamaged

Age 1, repaired

Age 2, repaired 2™ year :
AgQe 2, repaired 5t Year u:unlg

=l N s oy R —

Age 3
L’;‘.U ““-TC,';J}# Only states 1, 2, &
s Fre possibiief
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8/23/00

Labatt

sisies

Mew

Age 1, undamaged
Age 2, undamaged

—

Matrix |

l

= 1 y: 3

i

1| 0.2z 078 0
2| 0.577 0 0.423
2| 1 0 0

No repairs
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Elennis Bricker, U. of lowa, 1997

Policy:
No repairs

ASSHTNNG F S5 SOran aiie.”

1 0.47394713 2.72 1.7T6320333
2 D.3R96TETE 0 n
3 015637411 0 n

The average cost-period in steady state iz 1.TE30233

The annval cost per pailel wiil pe $1.7630833
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Elennis Bricker, U. of lowa, 1997

Policy:
No repairs

ASSHTNNG F S5 SOran aiie.”

Pregent valuwe of all future coste, for sach initial state:

Cunzing interesgt rate 20%, i.e. dizcount factor 0.833333332

i State P

1 Hewr 11.877369
2 Ao 1, wndamaged Q.2003991
2 Ao 2, undamaged Q.29232239
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Elennis Bricker, U. of lowa, 1997

8/23/00

Initial state! 1, interest rate= 202

FPrezeant Values by Period

page 52

No repairs

n Cn FYCn W

1] 2.72 2.72 2.72

1 0.3154 0.632 4,402

2 1.8542712 1.287R5333 5.639A333
3 2. 00364565 1.15951F1 6,249 054
4 1.54536522 0.74525377 T.5ad4502
5 1.8535372 0.744230525 2.332036545
3} 1.764265 0.59083225 2.93023653
T 1.732239 0.43343612 Q.41 36729
a3 1.786719 0.41553373 Q.3292066
q 1.7548242 0.2400967 10169302
10 1.761727 0.22452275 10.453832
11 1.7TEESARE2 0.22779295 10.691631
12 1.7605301 0.1974A072 10.329092
13 1.763ITETH 0.164535044 11.05394:2
14 1.7633595 0.13734204 11.191254
15 1.7TE26352 0.11440467 11.305629

Policy:
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Elennis Bricker, U. of lowa, 1997

oresent value ($)

L ] = T == I =
]

ASSHTNNG F S5 SOran aiie.”

12—
11 4
10—

Cwnnalative presgent valwe of cosgtez or revenuss v period

| | | | | | | | | | | | | | | |
2 2 4 5 B 7 82 9 10 11 12 12 14 15 16

Vears
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Elennis Bricker, U. of lowa, 1997

[[ Summary ]]

Annual Cost per Pallet
750 scrap value $1.50 scrap value

Current policy 1 7169548
Repaironly once | $ 1.7 12180062

Policy

Fepair First
Your Only 1.7046206

Never Repair 1. /6308653




