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Pallets
• An essential foundation of Logistics, improving efficiency

• For all the basic functions of logistics: transportation, 

storage, packaging, cargo handling, distribution processing, 

and information processing.

• Pallets in use

• Worldwide: 5 billion (50億)(1)

• Japan: 500 million (5億)(2)
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Issues with Pallets

• Pallet Size Standardization (サイズ標準化)

• Unit Load System and Intermodal Palletization (一貫パレチゼーション)

• Management 

• Quantity maintenance: Pallet loss (パレット流出)

• Quality maintenance: Damage (修理), 

• Return trip of empty pallets (空パレット回収)

• Transfer of goods to different owners’ pallets (積み替え作業)

• A potential solution/ 

Alternative choice:
5

Pallet Rental Services, Pallet Pools

Sanitization (especially for exports) (衛生処理)

A Supply Chain Using Pallets

6Reference: JPR 日本パレットレンタル株式会社(4) 
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A Supply Chain Using Pallet Rental Services

Reference: JPR 日本パレットレンタル株式会社(4) 

Comparison between Purchased and Rental Pallet

Initial/ purchasing cost is high

Longer usage time leads to lower cost 
per unit time

Fluctuations in goods demand are costly

Return trips for empty pallets

Management and Maintenance required

Extra work to transfer to different pallets 
if the owners are different

Purchased

Rental fee per unit time is higher

Flexibility in renting
Short time（Starting from ～10days）
Small quantities（Starting from～50）＊
Can choose the (nearest) depot to return

Less life cycle CO2

Less waiting time for empty pallets

Rental

8Reference:レフォルモ株式会社, rental-pallet.net(5) 



Objectives of Research
• To compare the different aspects of using purchased pallet and rental

pallet; compare the different costs by creating a mathematical model

• To decide the better choice of pallet system in each situation, and to

find out the effect of each condition on the cost, and the trend of cost

• To support the Logistic Society’s economic decision making between

using Purchased Pallet and using Rental Pallet and to contribute to the

progress of palletizing, intermodal palletization and increase in logistics

efficiency
9
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Model for Using Purchased Pallet

Loaded Loaded
A B

Cargo 
loading

Node A Node B Cargo 
unloading

Empty Empty
A' B'

Delivery trip

Return Trip

Delivery interval: f, Time required: Tt

Delivery interval: f', Time required: Tt
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• Time required per trip (Tt ), and transportation cost per trip (Ct ) are assumed to be the 
same for both cases 

• Daily cargo loading at A and unloading at B

*Constant daily 
pallet demand (D )

Model for Using Rental Pallet

Loaded Loaded
A B

Cargo 
loading

Node A Node B Cargo 
unloading

Empty Empty
A' B'

Delivery from Rental Depot Retrieval by Rental Depot

Delivery trip

Delivery interval: f, Time required: Tt
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• , , , = average holding times at each point
•   for using rental pallet are negligible (Zero)

*Constant daily 
pallet demand (D )



Equations: Purchased Pallet 
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[ ]
Pallet cost
(Yen/day)

[ ]
Pallet usage cost per day per pallet
(Yen/pallet/day)

[D ]
Pallet demand
(pallet/day)

[ ]
Average storage and transportation time required from A to B and back to A

(day)
2

Pallet cost

[CP,Total ]Total cost
(Yen/day)

[PCP ]
Pallet cost
(Yen/day)

[TCP ]
Transportation cost

(Yen/day)

[SCP ]
Storage cost
(Yen/day)1

Total cost

*The total costs are compared in units of ‘yen per day’ at any given time 14

[TCP ]Transportation cost per day when using purchased pallet
(Yen/day)

3

[ ]
Transportation cost per trip

(yen)

[ ]
Transportation cost per trip

(yen)
[ ]Time interval between delivery trips(day)

[ ]Time interval between return trips(day)

Transportation cost: Purchased pallet
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[SCP ]Storage cost per day when using purchased pallet
(Yen/day)

4
[CS ]Warehouse rental cost per unit area

(Yen/m2/day)

Time stored
(day)[S ]Surface area of pallet(m2/pallet) [n ]Number of pallets per stack

Storage cost: Purchased pallet
[D ]

Pallet demand
(pallet/day)

Equations: Rental Pallet 
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[ ]
Pallet cost
(Yen/day)

[ ]
Pallet rental fee 

(Yen/pallet/day)
[D ]

Pallet demand
(pallet/day)

[ ]
Average storage and transportation time required from A to B

(day)
6

Pallet cost

[CR,Total ]Total cost
(Yen/day)

[PCR ]
Pallet cost
(Yen/day)

[TCR ]
Transportation cost

(Yen/day)

[SCR ]
Storage cost
(Yen/day)5

Total cost
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[TCR ]Transportation cost per day when using rental pallet
(Yen/day)

7

[ ]
Transportation cost per trip

(yen)
[ ]Time interval between delivery trips(day)

Transportation cost: Rental pallet

18

[SCR ]Storage cost per day when using rental pallet
(Yen/day)

[CS ]Warehouse rental cost per unit area
(Yen/m2/day)

Time stored
(day)[S ]Surface area of pallet(m2/pallet) [n ]Number of pallets per stack

Storage cost: Rental pallet
[D ]

Pallet demand
(pallet/day)
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Loaded Loaded
A B

Cargo 
loading

Node A Node B Cargo 
unloading

Empty Empty
A' B'

Delivery trip

Return Trip

Delivery interval: f, Time required: Tt

Delivery interval: f', Time required: Tt

Loaded Loaded
A B

Cargo 
loading

Node A Node B Cargo 
unloading

Empty Empty
A' B'

Delivery from Rental Depot Retrieval by Rental Depot

Delivery trip

Delivery interval: f, Time required: Tt

Comparison
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Purchased Rental

Purchased Rental Purchased Rental Purchased Rental

Cost
Purchasing 

price/ Service 
life

Rental fee

Time
TA+T'A+

TB+T'B+2Tt
TA+TB+Tt

TA+T'A+
TB+T'B

TA+TB

Total Cost

Both Delivery 
and Return Only Delivery

Pallet Transport Storage

Same

*   for using rental pallet are negligible
Parameters used in Calculation

20*Reference: Japan Trucking Association(7)

*
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List of Analysis Done
1. Cost Breakdown vs Average Holding Time

2. Total Cost vs Average Holding Time

3. Effect of Pallet Rental Fee (CR) on turning point

4. Turning point vs Pallet Rental Fee (CR) 

5. Effect of Transportation Cost on Turning Point

6. Turning point vs Distance between Nodes(Tt)
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Cost Breakdown vs Average Holding Time

 =  +  +  24
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Cost Breakdown vs Average Holding Time
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showed a lower increase rate than 
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Cost Breakdown vs Average Holding Time
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Purchased

Rental

showed a much lower decrease rate than 

Delivery trip
Rental

Return trip

Purchased
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Purchased

Rental

and increased proportionally with similar slopes

Cost Breakdown vs Average Holding Time

 =  +  +  28

showed a much 
lower decrease rate 
than 

and increased 
proportionally with 
similar slopes

showed a lower 
increase rate than 
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Turning point: TA + TB= 51.8,
total cost= 13947.56

• Total cost of using rental pallet became more 
than the purchased pallet at “the turning point”.

• Renting is favorable if estimated holding time is  
before turning point, and the opposite for Purchasing.
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Effect of Pallet Rental Fee (CR) on Turning Point

When CR= 8,
Turning point: TA+TB= 51.8, 

total cost= 13947.56
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Effect of Pallet Rental Fee (CR) on Turning Point

• When CR=8, Turning point is around TA+TB = 51.8
• As CR decreases, the time before the turning point increases.

When CR= 8,
Turning point: TA+TB= 51.8, 

total cost= 13947.56

When CR= 6,
Turning point: TA+TB= 77.2,

total cost= 17258.96

Turning Point vs Pallet Rental Fee (CR) 
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• When CR=8, Turning point is around TA+TB = 51.8.
• As CR increase, the Turning point decreases.



Effect of Transportation Cost on Turning Point

33
*Ct: the transportation cost per trip
Tt = Time required per trip (day)

Effect of Transportation Cost on Turning Point

34

Turning Point vs Distance travelled

35Tt = Time required per trip (day)
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Conclusion (1)

• pallet costs, transportation costs and storage costs may show different 

trends under each condition

• the total costs can be compared, and the turning point can be referred to 

support the choice between purchased pallet and rental pallet

• Since the model doesn’t include some factors such as pallet loss rate and 

pallet transfer cost (for different pallet owners), using rental pallets might 

be more preferable than the calculation results. 
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Conclusion (2)
• long holding time  purchased pallet 

• short holding time rental pallet 

• The average holding time of the turning point changes exponentially with the change in pallet 

rental cost 

• Effect of transportation cost on the total cost

-when using purchased pallet-

which makes rental pallets more desirable in the future, as the transportation costs in Japan are 

predicted to rise, due to the lack of manpower and increase in fuel prices.
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Effect of transportation cost on the total cost 

-when using rental pallets->

Further studies

• applying actual logistics data and compare the results

• considering more types of costs related to the usage of pallet:
• cost of equipment used together with pallets
• labor wages
• maintenance and 
• disposal fees and so on.
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Thank you for your attention

ご清聴ありがとうございました
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