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WineCo is a producer of fine wine and is considering an investment in a new vineyard.  
We have been asked to produce a model that will estimate the potential profit or loss that the vineyard will generate.  In particular, the model:
· Completes 100 simulations to illustrate the potential profit or loss;
· Summarises the results of these simulations;
· Determines the required price per bottle so that the vineyard is not expected to make a loss under any one of these simulations.
We also consider an alternative vineyard investment and compare the potential profit/loss outcomes between investment opportunities.


Data

We have been provided with a set of 10,000 random numbers.  These are in the format of 100 rows by 100 columns.  We have been advised that these numbers come from the Uniform (0,1) distribution.

The Wine Association has advised that the total number of grapes that are expected to be grown in the vineyard can be calculated from the following formula:
		No of grapes =   No of vines * exp ( A x + B)

WineCo has advised variable A equals 0.0054 and variable B equals 2.37.
x is the total number of hours of sunshine that the vine is exposed to during the growing period.

WineCo has also advised us that:
· 750 grapes are required to produce a bottle of wine;
· the expected costs of producing a bottle of wine ($2);
· the expected price of a bottle of wine ($10);
· the annual cost of renting each vineyard ($20,000 for vineyard 1 and $25,000 for vineyard 2); and
· the typical spoilage rate when harvesting grapes is 10%.


Assumptions

· All 10,000 vines will be exposed to the same conditions and the number of grapes which grow on each grape will be the same per vine.
· The number of sunshine hours follows the Uniform Distribution with a mean of six hours of sunshine throughout the whole period over which the grapes are grown.
· Number of sunshine hours only impacts the number of grapes grown – it is assumed that we do not need to consider the size and the acidity of the grapes.
· The assumed spoilage rate of 10% is appropriate for both vineyards.
· There are no taxes that need to be considered in relation to the sales of wine bottles and the rental costs of the vineyard.
· Under the base scenario, the grapes can be harvested by the workers within a reasonable time period irrespective of the number of grapes grown.
· All cashflows will occur within a relatively short period of time and so there is no need to discount cashflows or consider inflation.
· The cost of producing the wine bottles covers all costs, including employment costs and maintenance costs.
· There will be 10,000 vines in the vineyard in the alternative region.
· 20 workers will also be available to harvest the grapes in the alternative region and this will be sufficient workers to harvest all the grapes irrespective of the weather conditions.


The following sections described each part of the model.


Raw data

This tab includes the 10,000 random numbers in 100 rows by 100 columns.

Checks on this data have been completed from column CX onwards.

In CY2, we have counted the number of random numbers using the COUNT function.  We would expect there to be 10,000 numbers and so an automatic check is included in cell DC2.

In CY3 and CY4, we have also counted the number of random numbers which are less than 0 and greater than 1 respectively.  This is completed using the COUNTIF function.  Again automatic checks are included in cells DC3 and DC4 to ensure that the results of these calculations are zero.



We have also calculated the mean and standard deviation from all the random numbers in cells CY6 and CY7 using the MEAN and STDEV functions respectively.  We have included the expected values for the Uniform (0,1) in cells DA6 and DA7 (we expect the mean to be 0.5 and the standard deviation to be (1/12)0.5).  An automatic check has been included in DC6 and DC7 to ensure that the calculated values are within a level of tolerance of 0.01 to the expected values.  

We have also produced a histogram to show the distribution of the random numbers.  We have determined 10 equal buckets between 0 and 1.  The limits of these buckets are included in CX12 to CX22.  The cumulative number of random numbers under each of these limits is calculated in column CY using the COUNTIF function.  The frequency is then calculated in column DA and this data is used to plot the histogram, shown on the same tab.

All automatic checks are passed and the histogram illustrates that approximately 1,000 random numbers are included in each bucket.

This evidence therefore supports that the random numbers provided are from the Uniform (0,1) distribution.


Parameters

This worksheet provides a list of all parameters to support the calculations.  Parameters are split into those which apply to all scenarios and those which are specific to the vineyard 1 and vineyard 2 scenarios detailed in the background to this project.

Most parameters have been provided by WineCo or the Wine Assocation, whilst some are from the Data section.

One key parameter is the maximum number of hours of sunshine expected.  For vineyard 1, we have been advised that the number of hours of sunshine per day will follow the Uniform Distribution with a mean of six hours of sunshine.  We have determined the maximum number of sunshine hours per day but multiplying the mean by two.  A similar approach has been adopted for the alternative vineyard.




Wine production

This worksheet uses the random numbers to determine the number of grapes that can produced in the vineyard.  The number of bottles of wine expected to be produced are then calculated to determine the expected profit or loss.

Each row of 100 random numbers if used for one simulation.  Therefore, we have produced 100 simulations.  Column A indicates the simulation number.

Total hours of sun

Column B calculates the expected number of hours of sunshine for each simulation.  For each row, the sum of the 100 random numbers for that row is calculated and this is multiplied by the maximum number of hours of sunshine per day for the first vineyard (taken from the Parameters tab).

An automatic check is included in rows 105 to 107.  The total hours of sunshine is summed across all simulations.  A separate calculation, for the total hours of sunshine across all simulations, is completed by multiplying the calculated mean from the random numbers with the total number of random numbers and the maximum number of hours of sunshine per day.

These figures should be equal if no error has occurred in the calculations.

Grape Production

Column C then calculates the number of grapes that is expected to be produced for each simulation.  This is calculated using the provided formula:

No of grapes =   No of vines * exp ( A x + B)

No of vines, A and B are variables all taken from the parameters tab.  x is the expected number of hours of sunshine for each simulation taken from column B.

Wine bottles produced

Column D then converts the number of grapes produced into the number of bottles of wine.  The no of grapes is multiplied by (1 – the spoilage rate) and then divided by the number of grapes required per bottle of wine.

The result of this calculation is rounded down.



Costs, revenue and profit/loss

Column E calculates the expected costs of producing the wine bottles – this is simply the number of bottles calculated in column D multiplied by the production costs per bottle from the parameters tab.

Column F calculates the total costs being the costs calculated in column E plus the annual costs for renting the vineyard.

Column G calculates the total revenue as the number of bottles of wine multiplied by the cost per bottle of wine.

The profit/loss per simulation is calculated in column H as the total revenue less the total costs.

The simulations are then ranked in ascending order in column I. This calculation is completed using the RANK function – the first variable is the profit for that simulation and the second array is the profit amounts for all simulations.  The third variable is set to 1 so that the ranking is completed in ascending order.

Summary statistics

Summary statistics are then calculated in cells M5 to M7, namely the mean, minimum and maximum profit.  These are calculated using the standard excel functions and using data from column H.

The probability of the vineyard making a loss is calculated in M8.  The number of simulations with a profit less than zero is counted using the COUNTIF function and this is divided the total number of simulations.

We have also calculated the theoretical average profit in cells Q6 to Q12.  This first calculation is the average number of hours of sunshine.  This is calculated based on the mean from the Uniform Distribution (calculated as the maximum number of hours divided by two) multiplied by the number of growing days.  The same grape production, wine bottles and profit calculations are completed.  The result of this calculation is checked by eye against the average expected profit from the simulations.

Cells K11 to M23 calculate the components of the median expected profit.  The simulation number from the median expected profit is calculated by identifying which simulation relates to the 50th rank simulation in cell M15.  This is completed using the MATCH function.

The various components of the median expected profit are split out into Production costs, Fixed costs, Total costs, Total Revenue and Profit/(Loss).  All components except Fixed costs are determined by using a vlookup for the identified simulation using the data in columns A to H.

A check is then applied in M23 to ensure that the looked up Profit/(Loss) equals that the identified revenue less costs.

Reasonableness check – the probability of making a loss is quite low (12%) which is reasonable given values for maximum profit ($23,288) and maximum loss ($3,096) and the assumptions made for the purposes of modelling this vineyard scenario.

Chart Profit

This worksheet is used to store and sort the data from the base scenario so that a chart can be produced.  It also identifies the median simulation.

Column A shows the ranks required for the chart (this is from 1 to 100).  The simulation number, which equates to that for the relevant rank, is calculated using the MATCH function by referring to the rank calculated in “Wine Production” worksheet.  The expected profit and loss from that simulation is then calculated using the OFFSET function.

This data is then used to produce a line graph that shows the distribution of expected profit.

Reasonableness check – from the chart, we see that about 90% of simulations show a profit greater than zero – our calculated value of making a loss (12%) is therefore reasonable.

Cells D7 and D8 determine the 50th ranked simulation.  Both the simulation number and the expected profit are calculated using the INDEX function, using the relevant data set.


Target price

This worksheet is used to determine the require price per bottle in order to ensure that WineCo is not expected to make a loss under any one of the simulations.  
This worksheet is a copy of the “Wine Production” worksheet using the same parameter except for the price per bottle variable which is now linked to the “Target_price_per_bottle” cell in the “Parameters” worksheet.

A goal seek is run on cell L7 such that L7 should equal zero by changing the “Target_price_per_bottle” variable.

A check is included in L16 to warn the user if the goal seek needs rerun if the maximum loss is not zero.

Reasonableness checks

The target price per bottle is higher under this scenario.  This is reasonable as under the base scenario, the probability of making a loss was 12% so you would expect an increase in the price per bottle to reduce this probability to zero.

Given the price per bottle has increased, both the average profit and maximum profit have also increased as expected.

If you set the target price per bottle equal to the price per bottle under the base scenario, the same results as under the base scenario are produced.


Wine Production Alt

This worksheet is used to determine the expected profit under the alternative investment opportunity.

This is a copy of the “Wine Production” worksheet.  The formulae for the calculations have been amended to refer to the alternative parameters.

Furthermore, there are the following changes:

1. The formula in column B to calculate total number of hours of sunshine has been changed.  In the original worksheet, all 100 columns in each simulation were summed to determine the total number of hours of sunshine.  In this alternative vineyard, the vines can only be grown for 90 days and therefore the formula has been amended to sum the first 90 columns in each simulation.
2. Ten new columns have also been from columns C to L.  These columns are used to show the number of hours of sunshine in the last 10 days, during which the grapes are harvested.  For each day, the expected number of hours of sunshine is calculated as the random number from raw data tab multiplied by the maximum number of hours of sunshine for the alternative scenario.
3. A further column is added in column P to calculate the overtime costs.  In order to calculate this the following calculations are completed:
A. The total number of hours of sunshine is calculated for the days where this exceeds the maximum number of hours before overtime is payable – this is calculated using a SUMIF based on the data from columns C to L – the sum will only use those cells where the number of hours of sunshine exceeds the maximum.
B. The total number of days where the number of hours of sunshine is above the overtime limit is calculated using the COUNTIF function, again based on data from columns C to L
The overtime costs are then calculated using the formula:
[A – B x (Maximum number of hours before overtime is payable)] x Total number of workers x Hourly overtime rate
4. The formula in column Q used to calculate the Total costs has been amended to include the Overtime costs and the vineyard rental costs now refer to the costs for the alternative vineyard.

All calculations for the summary statistics are the same as the base scenario. The components of the median expected profit are again calculated – the variable costs have been amended to include the Overtime costs.

A similar check is also completed for the average expected profit (overtime costs have been included here but as expected these are zero for the average expected profit as the average number of sunshine hours equals the maximum number of hours before overtime becomes payable.  Again a check by eye shows that the average expected profit is similar to the theoretical average expected profit.

Reasonableness checks

The average expected profit is higher for the alternative vineyard opportunity as mean expected of number of hours will increase as mean daily number of hours increases by 25% and number of days only falls by 10%

There is a wider range of expected outcomes under the alternative vineyard opportunity due to more sunshine hours increasing revenue and variable costs but also higher vineyard rental cost.

The probability of making a loss has decreased given the increase in expected revenue has more than offset the increase in expected cost.

Results

This worksheet is used to summarise the results and produce the required charts.   

The summary statistics for the original vineyard and the alternative vineyard are brought through to this worksheet.  From this, a bar chart is produced to illustrate a comparison between the average expected profit, the maximum expected profit and the maximum expected loss.

The components of the median simulation for both vineyards is also brought through to this worksheet.  Another bar chart is used to show how the components vary by vineyard.



Reasonableness checks

The average profit has more than doubled in the alternative scenario.  This is reasonable as:
i. revenue has increased by 50% due to the potential for more hours of sunshine (albeit over a shorter period);
ii. while variable costs have increased by almost 90% (this is higher than the revenue increase due to the additional overtime costs), fixed costs have only increased by 25%;
iii. fixed costs represent around 70% of the total costs;
iv. therefore this lower increase has a bigger impact than the higher increase for variable costs.
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