Chapter 13: Transportation in a Supply Chain

Exercise Solutions 

1. 

Coal:

We evaluate the total cost per day for each of the options and select the one with the lowest cost.  For the carload option the calculations are shown below:

Safety inventory held = 2(lead time)(daily consumption rate) = 2(15)(100000) = 3,000,000 lbs

Safety inventory cost per day = (3000000)(0.25)(0.01)/365 = $20.55

Cycle inventory = Q/2 = 100000/2 = 50000 units

Cycle inventory cost per day = (50000)(0.25)(0.01)/365 = $0.34

Transportation cost per day = 400(100000/10000) = $4000  

Total cost per day = $420.89

Other options can be evaluated in a similar manner

Worksheet 13-1 provides the results for all the options.  Based on these results, using a full train results in the lowest cost per day of $258.81

MRO:

Similar analysis can be undertaken for the MRO option and using a truck at the smallest shipment size of 1250 results in the lowest cost of $139 per day.  

Worksheet 13-1 depicts these results

2. 
The idea of this exercise is to evaluate the change in facility, inventory and transportation costs on centralization. We evaluate the costs for the following three options:
· One warehouse is built in either the eastern or western zone (by symmetry, the costs will be the same)

· One warehouse is built in the central zone

· A warehouse is built in each zone

One warehouse is built in the Eastern Zone
This implies that an average of 50,000 books are shipped from the Eastern to each of the three zone weekly.

Weekly transportation cost = 50000*4/4 (to Western) + 50000*3/4 (to Central) + 50000*2/4 (to Eastern) = $112,500

Average batch size = weekly demand = 3*50000 = 150,000

Safety inventory = normsinv(.997)*
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Annual fixed cost of warehouse = 200,000 + 1.5*(150000 + 168267) = $677,400
Weekly fixed cost of warehouse = 677400/52 = $13,027

Weekly operating cost of warehouse = 0.01*150,000 = $1,500

Weekly cost of cycle stock = (150000/2)*10*.25/52 = $3,606

Weekly cost of safety stock = 168267*10*.25/52 = $8,090

Weekly cost of this option = Transport cost + facility cost + cost of inventory 


= $112,500 + $13,027 + $1,500 + $3,606 + $8,090


= $138,722

One warehouse is built in the Central Zone
This implies that an average of 50,000 books are shipped from the Central to each of the three zone weekly.

Weekly transportation cost = 50000*3/4 (to Western) + 50000*2/4 (to Central) + 50000*3/4 (to Eastern) = $100,000

Average batch size = weekly demand = 3*50000 = 150,000

Safety inventory = normsinv(.997)*
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*25000 = 168,267

Annual fixed cost of warehouse = 200,000 + 1.5*(150000 + 168267) = $677,400

Weekly fixed cost of warehouse = 677400/52 = $13,027

Weekly operating cost of warehouse = 0.01*150,000 = $1,500

Weekly cost of cycle stock = (150000/2)*10*.25/52 = $3,606

Weekly cost of safety stock = 168267*10*.25/52 = $8,090

Weekly cost of this option = Transport cost + facility cost + cost of inventory 


= $100,000 + $13,027 + $1,500 + $3,606 + $8,090


= $126,222

One warehouse is built in each Zone
This implies that an average of 50,000 books are shipped from each warehouse to its own zone weekly. We first calculate all costs at a single warehouse and then multiply by 3.

For each warehouse, we have:

Weekly transportation cost = 50000*2/4  = $25,000

Average batch size = weekly demand = 50000 

Safety inventory = normsinv(.997)*
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*25000 = 97,149

Annual fixed cost of warehouse = 200,000 + 1.5*(50000 + 97,149) = $420,723

Weekly fixed cost of warehouse = 420,723/52 = $8,091
Weekly operating cost of warehouse = 0.01*50,000 = $500

Weekly cost of cycle stock = (50000/2)*10*.25/52 = $1,202

Weekly cost of safety stock = 168267*10*.25/52 = $6,599

Weekly cost of this option  = 3*(Transport cost + facility cost + cost of inventory at each warehouse)


= 3*($25,000 + $8,091 + $500 + $1,202 + $6,599)


= $124,174
The cost with a warehouse in each zone is the lowest (it is very close to the cost of having only one warehouse in the central zone).

3.

We detail the analysis for one of the cities (Milan) and provide the results in the other cases. Milan has daily demand of 25,000 kg. If the Milan warehouse is replenished every k days, the quantity to be shipped will be 25,000k kg. Thus, the number of trucks and the cost per ton for different replenishment intervals is as shown below.

MILAN
	Replenishment Interval
	1
	2
	3
	4

	 
	Load Size
	25000
	50000
	75000
	100000

	 
	No of Trucks (Small)
	1
	2
	2
	3

	 
	Cost per ton (Small)
	7.20
	7.20
	4.80
	5.40

	 
	No of Trucks (Medium)
	1
	1
	2
	2

	 
	Cost per ton (medium)
	8.20
	4.10
	5.47
	4.10

	 
	No of Trucks (Large)
	1
	1
	1
	2

	 
	Cost per ton (Large)
	9.20
	4.60
	3.07
	4.60


With daily replenishment, the load size is 25,000 kg. 
Daily cost of small truck = (100 + 0.1*800) = 180 Euros.

Thus, cost per ton = 180 / 25 = 7.2

Daily cost of medium truck = (125 + 0.1*800) = 205 Euros.

Thus, cost per ton = 205 / 25 = 8.2

Daily cost of large truck = (150 + 0.1*800) = 230 Euros.

Thus, cost per ton = 230 / 25 = 9.2

Thus, if Milan is to be replenished daily, a small truck should be used.

In contrast, if we consider a replenishment every three days, the load size = 25,000*3 = 75,000 kg.

The use of small or medium trucks will require two trucks each, whereas the use of a large truck will only require one truck. With replenishment every three days,

Cost of 2 small trucks every three days = 2*180 = 360 Euros

Thus, cost per ton = 360 / 75 = 4.80

Cost of two medium trucks every three days = 2*205 = 410 Euros

Thus, cost per ton = 410 / 75 = 5.47

Cost of one large truck = 230 Euros

Thus, cost per ton = 230 / 75 = 3.07

Thus, if Milan is to be replenished every three days, it is best to use one large truck. The optimal trucking option and associated cost for each replenishment frequency is shown in the table.

Below we show the optimal shipment options for each city.

PARIS

[image: image4.wmf]Paris

Daily Demand

35000

Distance

1000

Replenishment Interval

1

2

3

4

Load Size

35000

70000

105000

140000

No of Trucks (Small)

1

2

3

4

Cost per ton shipped (Small)

5.71

5.71

5.71

5.71

No of Trucks (Medium)

1

2

2

3

Cost per ton (medium)

6.43

6.43

4.29

4.82

No of Trucks (Large)

1

1

2

2

Cost per ton (Large)

7.14

3.57

4.76

3.57


COPENHAGEN

[image: image5.wmf]CopenH

Daily Demand

20000

Distance

600

Replenishment Interval

1

2

3

4

Load Size

20000

40000

60000

80000

No of Trucks (Small)

1

1

2

2

Cost per ton (Small)

8.00

4.00

5.33

4.00

No of Trucks (Medium)

1

1

1

2

Cost per ton (medium)

9.25

4.63

3.08

4.63

No of Trucks (Large)

1

1

1

1

Cost per ton (Large)

10.5

5.25

3.50

2.63


MADRID
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Daily Demand

20000

Distance

1300

Replenishment Interval

1

2

3

4

Load Size

20000

40000

60000

80000

No of Trucks (Small)

1

1

2

2

Cost per ton (Small)

11.50

5.75

7.67

5.75

No of Trucks (Medium)

1

1

1

2

Cost per ton (medium)

12.75

6.38

4.25

6.38

No of Trucks (Large)

1

1

1

1

Cost per ton (Large)

14.00

7.00

4.67

3.50


The above tables assume that only one type of truck will be used. We can also do the analysis assuming that a combination (e.g small + large) can also be used.

Other factors that should be considered before making this decision are:

1. How does the replenishment interval affect the safety stock requirement at the warehouses?

2. How does the replenishment interval affect the level of inventory (and thus the size of the warehouses)?

3. How does the replenishment interval affect other warehouse costs (such as labor cost)?
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