Chapter 6: Designing Global Supply Chain Networks
Exercise Solutions 

1. 

Answer:

Using a decision tree to analyze this decision reveals a dominant answer. Not only does outsourcing to Molectron result in a higher expected incremental profit, but also in every possible outcome, the Molectron option results in a higher profit. Therefore, according to the financial analysis, no matter what the risk tolerance of the management at Moon, they should choose to outsource rather than to increase their own facility.

There are other factors that could play into this decision, however, which are harder to quantify. Two are particularly important: the performance of Molectron and the strategic decision regarding where Moon should focus its efforts. It’s possible that Molectron’s quality and delivery performance would be worse than if Moon made the machines themselves. If this is the case, it could counter the financial advantage Molectron presents. Secondly, building the additional plant may increase Moon’s manufacturing competence and this may be a key to their success down the road. Conversely, the new plant could distract Moon from other aspects of their business making outsourcing more attractive. All these factors should be considered when making the decision.

Solution using Decision Tree:

Input:

Current demand: D0 =10,000

Probability of demand goes up in next year: Pup = 80%

Probability of demand remains the same: Psame = 20%

Demand increasing rate: ud=150%

Increased capacity: M = 10,000

Annual fixed cost of new capacity: Cfix = $10,000,000 

Labor cost per server of new capacity: C labor = $500

Raw material cost per server: Craw = $ 8,000

Labor cost per server by Molectron: CMolectron = $2,000

Price per server: P = $15,000

Probability of Molectron’s price goes up in the second year: 50%

Probability of Molectron’s price remains the same in the second year: 50%

Molectron’s cost increasing rate: uc = 120%

Output:

To draw the decision tree and analyze this problem, we need to calculate for each scenario the total demand and cost per server for both 1st and 2nd years. 

1st yr. demand if it goes up: Du = D0 * 150% = 15,000

1st yr. demand if it remains the same: Dd = 10,000

There are four scenarios of 2nd demand: Duu, Dud, Ddd, Ddu. The subscripts mean the demand changes. For example, Duu means demand has been going ​up for two years, and Dud means the demand went ​up and went down or remained the same. 

Duu = D0 * ud * ud = 10,000 * 150% * 150% = 22,500

Dud = D0 * ud  = 10,000 * 150% = 15,000

Ddd = D0 = 10,000

Ddu = D0 * ud  = 10,000 * 150% = 15,000

Please note that Duu = 22,500 exceeds the capacity of 20,000, hence Moon Micro can only set 20,000 demand in this scenario. And we should calculate revenue of this scenario accordingly.

Independent of demand changes, cost per server by Molectron in the 2nd yr. also has two scenarios. It can remain the same at CMolectron = $2,000, or goes up to CMolectron * uc = $2,000 * 120% = $2,400. Together with the four possible variations due to demand changes, there are eight scenarios in the second year. For each scenario, we need to evaluate its probability, incremental revenue, and profit. 

We present here how to compute these critical quantifications for one scenario. Analyses for other scenarios are summarized in the table following this analysis. In this scenario, the demand has been going up and up for two years and Molectron raised the cost per server in the second year. This scenario is represented in the decision tree as the upper right-hand node.

1.  The total probability of Duu and cost per server by Molectron going up is:

80% * 80% * 50% = 32%. 

2. The incremental revenue of this scenario should we take first option is:

{ min(capacity, Du ) + min(capacity, Duu) – D0 } * P = $225,000,000

3. The incremental revenue of this scenario should we take second option is:

( Du  + Duu – D0 ) * P = $262,500,000

Please note that under the first option, Moon Micro has only 20,000 capacities hence exceeding demand can not be satisfied. However under the second option, Molectron has capacities to handle extra demands.

 4.  The incremental cost of this scenario should we take option one is:

Cfix * 2 + { min(capacity, Du ) + min(capacity, Duu) – D0 } * (C labor + Craw) = $147,500,000

5. The incremental cost of this scenario should we take option two is:

( Du - D0 ) * ( CMolectron + Craw) + (Duu – D0) * (CMolectron * uc + Craw ) = $180,000,000

6. Hence for the scenario of Duu and cost per server by Molectron also going up, the incremental profit of option one is $225,000,000 - $147,500,000 = $77,500,000; while the incremental profit of option two is $262,500,000 -  $180,000,000 = $82,500,000.

Similarly we can calculate the profits of option one and option two for each one of the eight scenarios. The details are shown in the following table.  The expected incremental profit is calculated by the sum of products of incremental profits and associated probabilities.  

Table: Incremental Profits for all scenarios

	scenarios
	 
	Option 1
	Option 2

	1
	Demand
	22500
	Revenue
	$225,000,000
	$262,500,000

	
	Molectron cost
	$2,000 
	Cost
	$147,500,000
	$175,000,000

	
	Probability
	32%
	Profit
	$77,500,000
	$87,500,000

	2
	Demand
	22,500
	Revenue
	$225,000,000
	$262,500,000

	
	Molectron cost
	$2,400 
	Cost
	$147,500,000
	$180,000,000

	
	Probability
	32%
	Profit
	$77,500,000
	$82,500,000

	3
	Demand
	15,000
	Revenue
	$150,000,000
	$150,000,000

	
	Molectron cost
	$2,000 
	Cost
	$105,000,000
	$100,000,000

	
	Probability
	8%
	Profit
	$45,000,000
	$50,000,000

	4
	Demand
	15,000
	Revenue
	$150,000,000
	$150,000,000

	
	Molectron cost
	$2,400 
	Cost
	$105,000,000
	$102,000,000

	
	Probability
	8%
	Profit
	$45,000,000
	$48,000,000

	5
	Demand
	15000
	Revenue
	75,000,000
	75,000,000

	
	Molectron cost
	$2,000 
	Cost
	62,500,000
	50,000,000

	
	Probability
	8%
	Profit
	12,500,000
	25,000,000

	6
	Demand
	15,000
	Revenue
	75,000,000
	75,000,000

	
	Molectron cost
	$2,400 
	Cost
	62,500,000
	52,000,000

	
	Probability
	8%
	Profit
	12,500,000
	23,000,000

	7
	Demand
	10,000
	Revenue
	0
	0

	
	Molectron cost
	$2,000 
	Cost
	20,000,000
	0

	
	Probability
	2%
	Profit
	-20,000,000
	0

	8
	Demand
	10,000
	Revenue
	0
	0

	
	Molectron cost
	$2,400 
	Cost
	20,000,000
	0

	
	Probability
	2%
	Profit
	-20,000,000
	0
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Solution using Excel Spreadsheet: 

	CELL
	INPUT
	SYMBOL 
	FORMULAS
	QUANTIFICATION

	C3
	Current demand
	D0
	
	10,000



	D18
	Probability of demand goes up in next year
	Pup
	
	80%

	D20
	Probability of demand remains the same
	Psame
	
	20%

	F5
	Annual fixed cost of new capacity
	Cfix
	
	$10,000,000

	F6
	Labor cost per server of new capacity
	C labor
	
	$500

	C5
	Raw material cost per server
	Craw
	
	$ 8,000

	F9
	Labor cost per server by Molectron
	CMolectron
	
	$2,000



	C4
	Price per server
	P
	
	$15,000

	F18
	1st yr. demand (up)
	Du
	D0 * 150%
	15,000

	F38
	1st yr. demand (down)
	Dd
	D0
	10,000

	I17
	2nd yr. demand (up and up)
	Duu
	D0 * ud * ud
	22,500

	I21
	2nd yr. demand (up and down)
	Dud
	D0 * ud  
	15,000

	I41
	2nd yr. demand (down and down)
	Ddd
	D0
	10,000

	I33
	2nd yr. demand (down and up)
	Ddu
	D0 * ud  
	15,000

	K17
	total probability of Duu and cost per server by Molectron going up
	Puu
	80% * 80% * 50%
	32%

	N17
	incremental revenue of this scenario

(first option)
	Ruu_1
	{ min(capacity, Du ) + min(capacity, Duu) – D0 } * P
	$225,000,000

	G17
	incremental revenue of this scenario

(second option)
	Ruu_2
	( Du  + Duu – D0 ) * P
	$262,500,000

	N18
	incremental cost of this scenario

(first option)
	Cuu_1
	Cfix * 2 + { min(capacity, Du ) + min(capacity, Duu) – D0 } * (C labor + Craw)
	$147,500,000

	O18
	incremental cost of this scenario

(second option)
	Cuu_2
	( Du - D0 ) * ( CMolectron + Craw) + (Duu – D0) * (CMolectron * uc + Craw )
	$180,000,000

	N19
	incremental profit of this scenario

(first option)
	Fuu_1
	Ruu_1 – Cuu_1
	$77,500,000

	O19
	incremental profit of this scenario (second option)
	Fuu_2
	Ruu_2 – Cuu_2
	$82,500,000


Workbook Description:

Workbook 6-1.xls contains the decision tree showing the:

· Basic input data to the analysis

· Decision tree with the different potential outcomes

· Probabilities of each outcome

· Financial impact of each outcome

· Expected value calculation for each of the two options that can be chosen.

2. 

Answer:

Unlike the Moon Micro example, there is not a dominant choice in the Unipart example. When MRO use is relatively low, the Parts4U option proves to be lower cost. When MRO use is high, AllMRO provides the lower cost. Upon examining the expected value of each, choosing AllMRO has the lower cost.

Solution using Decision Tree:

Input:

Discount rate of Unipart: D = 20%

Commission charged by Parts4u: R1 = 5%

Commission charged by AllMRO: R2 = 1%

Fixed cost charged by AllMRO: C = $10,000,000

Current Unipart MRO consumption: M0 = $150,000,000

Consumption dropping rate:  r = 90%    

Output:

1st yr. consumption (keep): Mu = M0 = $150,000,000

1st yr. year probability (keep): Pu = 75%

1st yr. consumption (drop): Md = M0 * r = $135,000,000

1st yr. probability (drop): Pd = 1 - 75% = 25%

2nd yr. consumption (keep and keep): Muu= M0 = 150,000,000

2nd yr. probability (keep and keep): Puu = 75% * 50% = 37.5%

2nd yr. consumption (keep and drop): Mud= M0 * r = 135,000,000

2nd yr. probability (keep and drop): Pud = 75% * 50% = 37.5%

2nd yr. consumption (drop and keep): Mdu= M0 = 150,000,000

2nd yr. probability (drop and keep): Pdu = 25% * 50% = 12.5%

2nd yr. consumption (drop and drop): Mdd= M0 * r * r = 121,500,000

2nd yr. probability (drop and drop): Pdd = 25% * 50% = 12.5%

As shown above and in the decision tree, there are four demand scenarios. This is independent of which MRO suppliers that Unipart will choose. Hence for each of Parts4u (option 1) and AllMRO(option 2), we need to calculate the NPV cost incurred should Unipart chose it.

For the scenario where the demand has been kept  at the same level for two successive years,  corresponding to the upper-right-hand node in the decision tree and denoted as ‘keep and keep’, we calculate the NPV cost as following:

Total cost of option Parts4u (keep and keep): 

Cuu_1 = Mu * R1 / (1+D) + Muu * R1 /(1+D)^2

Total costs of option AllMRO (keep and keep): 

Cuu_2 = C / (1+ D) + Mu * R2 / (1+D) + Muu * R2 /(1+D)^2

Similarly we can compute NVP costs under other three scenarios for both option one and two. The symbols are also similarly named. These computing results are listed in the following table. 

Once we know the NVP costs for each scenario, we proceed to calculate the expected cost under each option, and choose the one with lower cost. The calculation is as following:

E(Parts4u) = Cuu_1 * Puu_1 + Cud_1 * Pud_1 + Cdu_1 * Pdu_1 + Cdd_1 * Pdd_1 = $10,917,969

E(AllMRO) = Cuu_2 * Puu_2 + Cud_2 * Pud_2 + Cdu_2 * Pdu_2 + Cdd_2 * Pdd_2 = $10,516,927

Since AllMRO provides lower expected cost, it is wise to choose AllMRO.

Table: costs for all scenarios

	demand scenarios
	NPV of cost

	1st yr.
	2nd yr.
	option Parts4u
	option AllMRO

	keep
	keep
	Cuu_1=$11,458,333
	Cuu_2=$10,625,000

	keep
	drop
	Cud_1=$10,937,500
	Cud_2=$10,520,833

	drop
	keep
	Cdu_1=$10,312,500
	Cdu​_2=$10,395,833

	drop
	drop
	Cdd_1=$9,843,750
	Cdd_2=$10,302,083
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Solution using Excel Spreadsheet:

	CELL
	INPUT
	SYMBOL 
	FORMULAS
	QUANTIFICATION

	 B3
	Discount rate of Unipart
	D
	
	20%

	E4
	Commission charged by Parts4u 
	R1
	
	5%

	E8
	Commission charged by AllMRO
	R2
	
	1%

	E7
	Fixed cost charged by AllMRO
	C
	
	$10,000,000

	B31
	Current Unipart MRO consumption
	M0
	
	$150,000,000

	E21
	1st yr. consumption (keep):
	Mu
	M0
	$150,000,000

	C21
	1st yr. probability (keep):
	Pu
	
	75%

	E41
	1st yr. consumption (drop)
	Md
	M0 * r
	$135,000,000

	C41
	1st yr. probability (drop):
	Pd
	1 - 75%
	25%

	H16
	2nd  yr. consumption (keep and keep)
	Muu
	M0
	150,000,000

	J16
	2nd yr. probability (keep and keep)
	Puu
	75% * 50%
	37.5%

	H28
	2nd yr. consumption (keep and drop)
	Mud
	M0 * r
	135,000,000

	J28
	2nd yr. probability (keep and drop)
	Pud
	75% * 50%
	37.5%

	H36
	2nd yr. consumption (drop and keep)
	Mdu
	M0 * r
	135,000,000

	J36
	2nd yr. probability (drop and keep)
	Pdu
	25% * 50%
	12.5%

	H48
	2nd yr. consumption (drop and drop)
	Mdd
	M0 * r * r
	121,500,000

	J48
	2nd yr. probability (drop and drop)
	Pdd
	25% * 50%
	12.5%

	M16
	Cost (option one, keep and keep)
	Cuu_1
	Mu * R1 / (1+D) + Muu * R1 /(1+D)^2
	$11,458,333

	N16
	Cost  (option two, keep and keep): 
	Cuu_2
	C / (1+ D) + Mu * R2 / (1+D) + Muu * R2 /(1+D)^2
	$10,625,000


Workbook Description:

Workbook 6-2 .xls contains the decision tree showing the:

· Basic input data to the analysis

· Decision tree with the different potential outcomes

· Probabilities of each outcome

· Financial impact of each outcome

· Expected value calculation for each of the two options that can be chosen.

3. 

Answer:

The high reliability but more costly supplier, Multichem, turns out to have the lower expected cost. This type of outcome is often the case as the increased flexibility that Multichem provides more than makes up for the significantly higher price that they charge. Although there are situations where Multichem is more expensive (when demand is low in both years), it’s clear that Multichem is the better choice.

In addition to the financials, one would also want to consider the quality of the product itself. If Multichem’s product is of higher quality and would lead to less rework on the double cap, this is even more reason to select them as the supplier. Additionally, understanding how quickly each company can respond to changes would be helpful in determining the supplier.

Solution using Decision Tree:

Input:

Discount rate: 
D = 20 %

Cost per unit ( Multichem): C1 = $1.20

Cost per unit (Mixemat): C2 = $0.90

High demand max (Mixemat)
: M = 90,000

High demand price (spot market): C3 = $4.00

Low demand price (spot market): C4 = $2.00

Current sales: S0 = 100,000

Probability ( up): Pu = 75%

Probability ( down): Pd = 25%

First year sale (up): Su = 110,000

First year sale (down): Sd = 100,000

Output:

Second year sale (up and up): Suu = Su* Ru =
312,000

Probability (up and up): Puu = 75%*75% = 56%

Second year sale (up and down): Sud = Sd * Rd = 99,000

Probability (up and down): Pud = 75% * 25% =19%

Second year sale (down and up): Sdu = Sd* Ru = 120,000

Probability (down and up) : Pdu = 25%*75% = 19%

Second year sale (down and down): Sdd = Sd * Rd = 99,000

Probability (down and down): Pdd = 25% * 25% = 6%

As shown above and in the decision tree, there are four demand scenarios. This is independent of which raw material suppliers  Alphacap will choose. Hence for each of MultiChem (option 1) and Mixemat (option 2), we need to calculate the NPV cost incurred should Alphacap chose it.

For the scenario where the demand will be high in two successive years,  corresponding to the upper-right-hand node in the decision tree and denoted as ‘up and up’, we calculate the NPV cost as following:

Cost (MultiChem, up and up): 

Cuu_1 = Su * C1 / (1 + D) + Suu * C1 / (1 + D) ^2 = $220,000

Cost (Mixemat, up and up): 

Cuu_2 = (M* C2 + (Su – M) * C3 )/( 1 + D) + (M* C2 + (Suu – M) * C3)/(1+D)^2 = $307,083

The above formula for Mixemat is rather complex, this is because Alphacap needs more than what Mixemat can supply under this scenario. Hence Alphacap has to make up shortfalls from the spot market at a higher price. 

For other demand scenarios, similar analysis applies, and these are summarized in the following table. 

Table: Cost for all scenarios

	demand scenarios
	NPV of cost

	1st yr.
	2nd yr.
	option MultiChem
	option Mixemat

	up
	up
	Cuu_1=$220,000
	Cuu_2=$307,083

	up
	down
	Cud_1=$192,500
	Cud_2=$196,042

	down
	up
	Cdu_1=$200,000
	Cdu_2=$214,583

	down
	down
	Cdd_1=$175,000
	Cdd_2=$131,250


And then we proceed to calculate the expected cost under each option, and choose the one with lower cost. The calculation is as following:

E(MultiChem) = Cuu_1 * Puu_1 + Cud_1 * Pud_1 + Cdu_1 * Pdu_1 + Cdd_1 * Pdd_1 = $208,281

E(Mixemat) = Cuu_2 * Puu_2 + Cud_2 * Pud_2 + Cdu_2 * Pdu_2 + Cdd_2 * Pdd_2 = $257,930

Since MultiChem provides lower expected cost, it is wise to choose it.
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Solution using Excel Spreadsheet:

.

	CELL
	INPUT
	SYMBOL 
	FORMULAS
	QUANTIFICATION

	C3
	Discount rate
	D
	
	20 %

	F2
	Cost per unit ( Multichem)
	C1
	
	$1.20

	F5
	Cost per unit (Mixemat)
	C2
	
	$0.90

	F6
	High demand max (Mixemat)
	M
	
	90,000

	F9
	High demand price (spot market)
	C3
	
	$4.00

	F10
	Low demand price (spot market)
	C4
	
	$2.00

	C29
	Current sales
	S0
	
	100,000

	D19
	Probability ( up)
	Pu
	
	75%

	D39
	Probability ( down)
	Pd
	
	25%

	F19
	First year sale (up)
	Su
	
	110,000

	F39
	First year sale (down)
	Sd
	
	100,000

	I14
	Second year sale (up and up)
	Suu
	Su* Ru
	312,000

	K14
	Probability (up and up)
	Puu
	75%*75%
	56%

	I26
	Second year sale (up and down)
	Sud
	Sd * Rd
	99,000

	K26
	Probability (up and down)
	Pud
	75% * 25%
	19%

	I34
	Second year sale (down and up)
	Sdu
	Sd* Ru
	120,000

	K34
	Probability (down and up)
	Pdu
	25%*75%
	19%

	I46
	Second year sale (down and down)
	Sdd
	Sd * Rd
	99,000

	K46
	Probability (down and down)
	Pdd
	25% * 25%
	6%

	N14
	Cost (option 1, up and up)
	Cuu_1
	Su * C1 / (1 + D) + Suu * C1 / (1 + D) ^2
	$220,000

	O14
	Cost (option 2, up and up)
	Cuu_2
	(M* C2 + (Su – M) * C3 )/( 1 + D) + (M* C2 + (Suu – M) * C3)/(1+D)^2
	$307,083


Workbook Description:

Workbook 6-3 .xls contains the decision tree showing the:

· Basic input data to the analysis

· Decision tree with the different potential outcomes

· Probabilities of each outcome

· Financial impact of each outcome

· Expected value calculation for each of the two options that can be chosen.

4. 

Answer:

In making their decision, Bell’s managers must consider the following:

· Financial impact of both options in terms of amount that will be paid to either software company to supply either the license or the service, as well as the other costs to implement each alternative

· Flexibility provided by each option

· Expertise required within the company to execute each option

· Expertise built up within the company through the execution of each option

· Whether or not the supply chain and its IT system are an area that Bell believes is a core competence of their company

· Reliability of each option

· Performance and functionality of the solution provided by each option

· Changes in personnel that would be required by each option including hiring or firing and their impact on morale

Bell should analyze each choice according to the above criteria and, depending on the dynamics of the industry, weight each criterion differently. After taking into account Bell’s tolerance for risk, a quality decision can be made.
5.  
The relevant data for Reliable and the expected outcomes of the decision tree are presented below:
	Discount factor
	0.1
	
	

	Current Capacity in Asia =
	         2,400,000 
	
	

	Current Capacity in N. America =
	         4,200,000 
	
	

	Current Annual Demand in Asia =
	         2,000,000 
	
	

	Current Annual Demand in N. America =
	         4,000,000 
	
	

	
	
	
	

	Year 1 Demand
	
	Probability

	Asia =
	         3,000,000 
	0.7
	 2,820,000 

	
	         2,400,000 
	0.3
	

	N. America =
	         4,400,000 
	0.5
	 4,000,000 

	
	         3,600,000 
	0.5
	

	
	
	
	

	Year 2 Demand
	
	
	

	Asia =
	         4,500,000 
	0.49
	 3,976,200 

	
	         3,600,000 
	0.21
	

	
	         3,600,000 
	0.21
	

	
	         2,880,000 
	0.09
	

	N. America =
	         4,840,000 
	0.25
	 4,032,400 

	
	         3,960,000 
	0.25
	

	
	         3,960,000 
	0.25
	

	
	         3,240,000 
	0.26
	

	
	
	
	

	Sale Price of Phone =
	 $             40.00 
	
	

	Variable production cost in Asia =
	 $             15.00 
	
	

	Variable production cost in N. America =
	 $             17.00 
	
	

	Ship between markets
	 $               3.00 
	
	

	Capacity of large addition =
	2,000,000 
	
	

	Cost of large addition =
	 $18,000,000.00 
	
	

	Capacity of small addition =
	1,500,000 
	
	

	Cost of small addition =
	 $15,000,000.00 
	
	


Given this information, we can calculate the NPV of the expected profits for both the smaller and larger additions.  The NPV for the smaller addition is $432,269,587, while the larger addition is   $430,529,091. Reliable should only add the 1,500,000 units of capacity to the Asia plant.

The problem is worked out in the excel worksheet Problems 6.5,6.6,6.7.xls.
6. 
The relevant data for the European apparel manufacturer and the expected outcomes of the decision tree are presented below:

	Discount factor
	0.1
	
	

	Current Capacity in Italy =
	         1,000,000 
	
	

	Current Capcity in China =
	         1,000,000 
	
	

	Current Annual Demand =
	         1,900,000 
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Year 1 Currency Exchange
	
	Probability

	China =
	                 8.05 
	0.5
	 7.35 

	
	                 6.65 
	0.5
	

	
	
	
	

	Year 2 Currency Exchange
	
	
	

	China
	                 9.26 
	0.25
	 7.72 

	
	                 7.65 
	0.25
	

	
	                 7.65 
	0.25
	

	
	                 6.32 
	0.25
	

	
	
	
	

	Year 3 Currency Exchange
	
	
	

	China
	                10.65 
	0.125
	 8.10 

	
	                 8.79 
	0.125
	

	
	                 8.79 
	0.125
	

	
	                 7.27 
	0.125
	

	
	                 8.79 
	0.125
	

	
	                 7.27 
	0.125
	

	
	                 7.27 
	0.125
	

	
	                 6.00 
	0.125
	

	
	
	
	

	
	
	
	

	Variable production cost in Italy =
	                10.00 
	
	

	Variable production cost in China =
	                 7.00 
	
	

	
	
	
	

	Change in capacity
	500,000 
	
	

	Cost of moving capacity
	     2,000,000.00 
	
	

	
	
	
	


Given this information, we can calculate the NPV of the expected costs of keeping the capacity as is, or moving the capacity to the China plant.  The calculation makes the assumption that we maximize production at the cheaper of the two plants, China first and then satisfy the remaining demand from Italy.  The NPV for keeping the capacity as is, is  $57,529,771, while the NPV of moving capacity to China is $63,256,313. The European manufacturer should keep the capacity as it currently is configured.
The problem is worked out in the excel worksheet Problems 6.5,6.6,6.7.xls.
7.

The relevant data for the chemical manufacturer and the expected outcomes of the decision tree are presented below:

	Discount factor
	0.1
	
	

	N. American Capcity
	
	
	

	Europe capacity =
	
	
	

	Current Annual Demand =
	         4,000,000 
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Year 1 Currency Exchange
	
	Probability

	N. America =
	                 1.20 
	0.5
	   1.30 

	
	                 1.40 
	0.5
	

	
	
	
	

	Year 2 Currency Exchange
	
	
	

	N. America
	                 1.38 
	0.25
	   1.36 

	
	                 1.14 
	0.25
	

	
	                 1.61 
	0.25
	

	
	                 1.33 
	0.25
	

	
	
	
	

	Year 3 Currency Exchange
	
	
	

	N. America
	                 1.58 
	0.125
	   1.43 

	
	                 1.31 
	0.125
	

	
	                 1.31 
	0.125
	

	
	                 1.08 
	0.125
	

	
	                 1.85 
	0.125
	

	
	                 1.53 
	0.125
	

	
	                 1.53 
	0.125
	

	
	                 1.26 
	0.125
	

	
	
	
	

	
	
	
	

	Variable production cost in Europe =
	 9.00 
	euros
	

	Variable production cost in N. America =
	10.00 
	dollars
	

	Exchange rate
	  1.33 
	
	

	
	
	
	

	Cost of building two facilities
	         2,000,000 
	
	


Given this information, we can calculate the NPV of the expected costs of building all the capacity in N. America or building capacity in both N. America and Europe.  The NPV for building all the capacity in N. America, is $216,720,175, while the NPV of building capacity in both N. America and Europe is $158,928,785. The chemical manufacturer should build a plant in both N. America and Europe.
The problem is worked out in the excel worksheet Problems 6.5,6.6,6.7.xls.

