CHAPTER 9
Cost Planning and Performance

LEARNING OBJECTIVES

In addition to establishing a baseline schedule for a project, it’s also necessary to develop a baseline budget. Project costs are estimated when a proposal is prepared for the project. Once the project starts, it’s important to monitor actual costs and work performance to ensure that everything is within budget. If at any time during the project it is determined that the project is overrunning the budget or the value of the work performed isn’t keeping up with the actual amount expended, corrective action must be taken. In this chapter the student will become familiar with:


items to be considered when estimating project cost


preparation of a baseline budget, or plan, for how and when funds will be spent over the duration of the project


cumulating actual costs


determining the earned value of the work performed


analyzing cost performance


forecasting project cost at completion


controlling project costs


managing cash flow

TEACHING STRATEGIES

A.
Ask the students why they think some projects overrun their budgets.

B.
Ask them to estimate how much it will cost to perform an activity (for example construct a new building, implement a new student information system, etc.).

C.
Ask them how this estimate could be done.  How can it be monitored after the project starts?

D.
Talk about a recent project that was on the news or in the paper (a new military plane, a new highway, a new mall, etc.).

E.
Discuss examples from your experience.

LECUTURE OUTLINE

1.  Real-World Examples

A. Vignette: eBay

•     Meg Whitman, president and CEO of eBay, understands the 

importance of analyzing project data to produce performance 

indicators.

i.
“If you can’t measure it, you can’t control it.”

ii.
Meg’s knowledge of business metrics has helped eBay 

become a successful and profitable consumer commerce 

site.

•     eBay’s mission is to provide a trading platform for people all over the 

      world.

•
They do this by continually improving the user’s experience on the eBay site.

•     Decisions for change are based on measurable factors:

i.
Number of visitors to the site

ii.
Number of registered users

iii.
Length of time customers spend on eBay

iv.
Download time for site pages

v.
Ratio of its revenues to the value of goods traded on eBay

vi.
Busiest day of the week for eBay transactions

vii.
Ratings according to customer opinions on eBay discussion 

boards

•     Managers regularly collect data from the site to develop new 

      marketing and merchandising techniques.

•
For example, a manager saw a rising trends in the sale of  women’s shoes. eBay subsequently added new, specific search criteria for women’s shoes.

•     This mentality has helped eBay to continually improve the buy-sell 

      process for eBay customers.

•     Project managers should understand the valuable of measurable.

      factors, and apply them to make responsible decisions about their 

      projects.

B. Vignette: London Traffic

•     Ken Livingstone was London’s first directly elected mayor in 2000. 

      His major focus was the city’s transportation issues.

•     He created Transport for London to oversee the city’s road and 

       transport services that were previously managed separately.

•     Mission: to upgrade London’s transportation infrastructure with a toll 

system project.

•     Traffic congestion is a major problem for central London. The average 

      driving speed is 9 miles per hour.

•     Transport for London developed a plan to install a system that would 

      identify and charge car owners that enter defined congestion zones.

•     Technological risks were identified, and the project was divided into 5

      smaller components (to be managed separately, as opposed to 

      purchasing one large system).

•     Technological design studies were conducted by competing 

      contractors to help Transport for London pick the right contractor, and 

      purchase proven technology.

•     Project team worked together in one location on the five components 

      to the system:

i.
Camera technology

ii.
Image processing and storage

iii. 
Telecommunication links between the cameras and the 

image management system

iv.
Customer services

v.
Network of outlets for making payments in person—gas 

stations, kiosks, and shops

•     The search for contractors and technology systems began in January 

      2001.

•     The project was successfully implemented by February 2003.

i.
The team installed 688 cameras at 203 sites in 8 square

miles designated as the congestion zone

ii.
If a car enters this zone between 7:00 am and 6:30 pm, 

cameras photograph the license plate

iii.
Camera sends analog signals to the Automatic Number 

Plate Recognition System. The license plate database 

identifies the owner of the car

iv.
The owner is charged $8 for entering the congestion zone

v.
To avoid extra charges, the person needs to pay by 10 pm 

that night. After that, additional fees are added

vi.
Repeat offenders run the risk of having their car towed 

or booted.

•     Transport for London reports that traffic in the congestion zone has 

      decreased by 20%, with a 5% increase during travel times

•     The mayor’s commitment to the project helped him to keep the $116.2 

      million project on schedule

•     His commitment was important in the establishment of a new 

      organization run by a new leader

•     The team managed risks effectively by integrating new technologies within a tight schedule, and under new leadership

2.  Project Cost Estimates

A.
Cost planning starts with the proposal for the project. 

B.
The cost section of a proposal may consist of elements such as the following:

1.
Labor. It might include the estimated hours and hourly rate for each person or classification.

2.
Materials. 

3.
Subcontractors and consultants (if used).

4.
Equipment and facilities rental. If the contractor needs special equipment, tools, or facilities for the project. 

5.
Travel. If it is required during the project.

C.
In addition to the above items, the contractor or project team may include an amount for contingencies.

D.
It is good practice to have the person who will be responsible for the costs associated with the work make the cost estimates.

E.
Historical data can be used as on the current project.

F.
Cost estimates should be realistic. 

3.  Project Budgeting

The project budgeting process involves two steps. 


First, the project cost estimate is allocated to the various work packages in the project work breakdown structure. 


Second, the budget for each work package is distributed over the duration of the work package.


A.
Allocating the Total Budgeted Cost

1.
Allocating total project costs for the various elements to the appropriate work packages will establish a total budgeted cost (TBC) for each work package. 

2.
There are two approaches to establishing the TBC for each work package: top-down and bottom-up.

3.
Display and discuss Figure 9.1, which illustrates the allocation for a $600,000 project. 

4.
When the budgets for all the work packages are summed, they cannot exceed the total project budgeted cost.

5.
Display and discuss Figure 9.2 and Figure 9.3, which will be used as an example throughout the remainder of this chapter.


B.  Developing the Cumulative Budgeted Cost

1.
Once a total budgeted cost has been established for each work package, the second step in the project budgeting process is to distribute each TBC over the duration of its work package.

2.
A cost is determined for each period, based on when the activities that make up the work package are scheduled to be performed. 

3.
The cumulative budgeted cost (CBC) is the amount that was budgeted to accomplish the work that was scheduled to be performed up to that point in time. 

4.
Display and explain Figure 9.4.

5.
Figure 9.5 shows the cumulative budgeted cost curve for the packaging machine project. 

6.
The CBC for the entire project or each work package provides a baseline against which actual cost and work performance can be compared at any time during the project. 

7.
It’s important to use the cumulative budget as the standard against which actual cost is compared. 

4.  Determining Actual Cost

Once the project starts, it’s necessary to keep track of actual cost and committed cost so that they can be compared to the CBC.


A.  Actual Cost

To keep track of actual cost on a project, it’s necessary to set up a system to collect, on a regular and timely basis, data on funds actually expended.


B.  Committed Cost

1.
In many projects, large dollar amounts are expended for materials or services (subcontractors, consultants) that are used over a period of time longer than one cost reporting period. 

2.
These committed costs need to be treated in a special way so that the system periodically assigns a portion of their total cost to actual cost.

3.
Committed costs are also known as commitments or encumbered costs. 

4.
Costs are committed when an item is ordered even though actual payment may take place at some later time.


C.  Comparing Actual Cost to Budgeted Cost

1.
As data are collected on actual cost, including portions of any committed cost, they need to be totaled by work package so that they can be compared to the cumulative budgeted cost. 

2.
Cumulative actual cost (CAC) should be calculated.

3.
Figure 9.6 indicates that at the end of week 8, $68,000 has actually been expended on this project, although only $64,000 was budgeted as shown in Figure13.4. 

4.
With the CAC values, it’s possible to draw a cumulative actual cost curve as shown in Figure 9.7.

5.  Determining the Value of Work Performed

A.
Consider a project that involves painting ten similar rooms over ten days (one room per day) for a total budgeted cost of $2,000. The budget is $200 per room. 

B.
At of the end of day 5, you determine that $1,000 has actually been spent, but what if only three rooms have been painted? 

C.
Earned value, the value of the work actually performed, is a key parameter that must be determined throughout the project. 

D.
Determining the earned value involves collecting data on the percent complete for each work package and then converting this percentage to a dollar amount by multiplying the TBC of the work package by the percent complete.

E.
In many cases, the estimate is subjective. 

F.
It’s important that the person estimating the percent complete not only assess how much work has been performed but also consider what work remains to be done.

G.
For example, in the project involving painting ten rooms for $2,000, if three rooms were completed, it’s safe to say that 30 percent of the work has been performed. 

H.
The earned value is

0.30  $2,000 = $600

I.
Display and explain Figure 9.8 and Figure 9.9 for the packaging machine project.

J.
Figure 9.10 illustrates the CBC, CAC, and CEV for the entire project.

6.  Cost Performance Analysis

The following four cost-related measures are used to analyze project cost performance:


TBC
(total budgeted cost)


CBC
(cumulative budgeted cost)


CAC
(cumulative actual cost)


CEV
(cumulative earned value)

In the packaging machine project we see that:


$64,000 was budgeted through the end of week 8. 


$68,000 was actually expended by the end of week 8.


$54,000 was the earned value of work actually performed by the end of week 8.


A.  Cost Performance Index



The cost performance index (CPI) is a measure of the cost efficiency with which the project is being performed. The formula for determining the CPI is


Cost performance index
=
F(Cumulative earned value, Cumulative actual cost)


CPI
=
F(CEV,CAC)


In the packaging machine project, the CPI as of week 8 is given by

CPI = F($54,000,$68,000) = 0.79


This ratio indicates that for every $1.00 actually expended, only $0.79 of earned value was received. 


When the CPI goes below 1.0 or gradually gets smaller, corrective action should be taken.


B.  Cost Variance


Another indicator of cost performance is cost variance (CV), which is the difference between the cumulative earned value of the work performed and the cumulative actual cost. 


Cost variance
=
Cumulative earned value – Cumulative actual cost


CV
=
CEV – CAC


In the packaging machine project, the cost variance as of week 8 is given by

CV = $54,000 – $68,000 = –$14,000


This calculation indicates that the value of the work performed through week 8 is $14,000 less than the amount actually expended. 

7.  Cost Forecasting


Based on analysis of actual cost it’s possible to forecast what the total costs will be at the completion of the project or work package. 


There are three different methods for determining the forecasted cost at completion (FCAC).


The first method assumes that the work to be performed on the remaining portion of the project or work package will be done at the same rate of efficiency as the work performed so far. 


Forecasted cost at completion =
 F(Total budgeted cost, Cost performance index)


For the packaging machine project, the forecasted cost at completion is given by:

FCAC = F($100,000,0.79) = $126,582


A second method for determining the forecasted cost at completion assumes that, regardless of the efficiency rate the project or work package has experienced in the past, the work to be performed on the remaining portion of the project or work package will be done according to budget. 


Forecasted cost at completion
=
Cumulative actual cost

+ (Total budgeted cost – Cumulative earned value)


For the packaging machine project, the forecasted cost at completion is given by:


FCAC
=
$68,000 + ($100,000 – $54,000)



=
$68,000 + $46,000



=
$114,000


A third method for determining the forecasted cost at completion is to re-estimate the costs for all the remaining work to be performed and then add this re-estimate to the cumulative actual cost. 

FCAC = CAC + Re-estimate of remaining work to be performed

8.  Cost Control

A.
The key to effective cost control is to analyze cost performance on a regular and timely basis. 

B.
It’s crucial that cost variances and inefficiencies be identified early so that corrective action can be taken before the situation gets worse. 

C.
Cost control involves the following:


Analyzing cost performance to determine which work packages may require corrective action


Deciding what specific corrective action should be taken


Revising the project plan—including time and cost estimates—to incorporate the planned corrective action

D.
When evaluating work packages that have a negative cost variance, you should

      focus on taking corrective actions to reduce the costs of two types of activities:


Activities that will be performed in the near term. If you put off corrective actions until some point in the distant future, the negative cost variance may deteriorate.


Activities that have a large cost estimate. Taking corrective measures that reduce the cost of a $20,000 activity by 10 percent will have a larger impact than totally eliminating a $300 activity. 

E.
There are various ways to reduce the costs of activities. 


One way is to substitute less expensive materials.


Another approach is to assign a person with greater expertise or more experience to perform or help with the activity.


Reducing the scope or requirements is another way to reduce costs. 


Increasing productivity through improved methods or technology.

F.
In many cases, there will be a tradeoff—reducing cost variances will involve a reduction in project scope or a delay in the project schedule. 

G.
The key to effective cost control is aggressively addressing negative cost variances and cost inefficiencies as soon as they are identified.

9.  Managing Cash Flow

A.
It is important to manage the cash flow on a project. 

B.
Managing cash flow involves making sure that sufficient payments are received from the customer in time so that you have enough money to cover the costs of performing the project.

C.
The key to managing cash flow is to ensure that cash comes in faster than it goes out. 

D.
The contractor might try to negotiate payment terms that require the customer to do one or more of the following:


Provide a down payment at the start of the project. 


Make equal monthly payments based on the expected duration of the project. 


Provide frequent payments, such as weekly or monthly payments rather than quarterly payments.

E.
The worst scenario from the contractor’s point of view is to have the customer make only one payment at the end of the project. 

10.  Project Management Software

A.
All costs associated with each resource in a project can be stored, and the software will calculate the budget for each work package and for the entire project. 

B.
Project management software usually allows the user to define different rate structures for each resource and when charges for those resources will actually be accrued. 

C.
Cost tables and graphs are often available to help analyze cost performance. 

D.
See Appendix A for a thorough discussion of Project Management Software.

QUESTIONS

1.
Describe why it is necessary to develop a baseline budget for a project.

It is necessary to prepare a budget, or plan, for how and when funds will be spent over the duration of the project to ensure that everything is within budget.

2.
A proposal for a project often includes a cost section. List and describe the items that should be included in that section.

The cost section of a proposal may consist of elements such as the following:


Labor. It might include the estimated hours and hourly rate for each person or classification.


Materials. The materials that need to be purchased for the project.


Subcontractors and consultants (if used). People who have the resources or experience to perform certain tasks that the project team cannot.

Equipment and facilities rental. If the contractor needs special equipment, tools, or facilities for the project. 


Travel. If it is required during the project.

3.
What does the term contingencies mean? Should contingency costs be included in a project proposal? Explain your answer.

The contractor or project team may include an amount for contingencies, to cover unexpected situations that may come up during the project. For example, items may have been overlooked when the project cost estimates were prepared, tasks may have to be redone because they did not work the first time, or the costs of labor (wages, salaries) or materials may escalate during a multi-year project.

4.
What is the problem with making cost estimates conservative or aggressive?

Cost estimates should be aggressive yet realistic. If cost estimates are overly conservative, the total estimated cost for the project is likely to be more than the customer is willing to pay—and higher than that of competing contractors. On the other hand, if cost estimates are overly optimistic and some unexpected expenditures need to be made, the contractor is likely to either lose money or have to suffer the embarrassment of going back to the customer to request additional funds to cover cost overruns.

5.
Describe the project budgeting process.

The project budgeting process involves two steps. 


First, the project cost estimate is allocated to the various work packages in the project work breakdown structure. 


Second, the budget for each work package is distributed over the duration of the work package.

6.
Define the following: TBC, CBC, CAC, CEV, CPI, CV, and FCAC. How is each calculated?

TBC:  total budgeted cost 

a)  top-down = a portion of the total project cost is allocated to each work package.

b)  bottom-up = the sum of the costs of all the activities that make up that work package.

CBC:  cumulative budgeted cost = the amount that was budgeted to accomplish the work that was schedule to be performed up to that point in time.

CAC:  cumulative actual cost = the amount that was actually spent to accomplish the work that was scheduled to be performed up to that point in time.

CEV:  cumulative earned value = % complete  X  TBC (for the work package)

CPI:  cost performance index = CEV/CAC

CV:  cost variance = CEV – CAC

FCAC:  forecasted cost at completion

a)  FCAC = TBC/CPI

b)  FCAC = CAC = (TBC – CEV)

c)  FCAC = CAC + Re-estimate of remaining work to do

7.
Why is it necessary to track actual and committed costs once a project starts?

It is necessary to tract actual and committed costs so that they can be compared to the CBC, in order to take corrective action before it’s too late.

8.
Why is it necessary to calculate the earned value of work performed? How is this done?

It is important to calculate the earned value of work performed so that if the work performed isn’t keeping up with the actual cost, corrective action can be taken, even if the actual cost is in line with the CBC. Determining the earned value involves collecting data on the percent complete for each work package and then converting this percentage to a dollar amount by multiplying the TBC of the work package by the percent complete.

9.
How is a cost performance index calculated? What does it mean when it’s below 1.0? What does cit mean when it’s above 1.0?

Cost performance index
=
CEV/CAC

If CPI is less than 1.0, it means that for every dollar expended, less than one dollar of earned value was received.  If CPI is greater than 1.0, it means that for every dollar expended, more than one dollar of earned value was received.

10.
How is cost variance calculated? What does it mean when it’s negative? What does it mean when it’s positive?  When evaluating a work package with a negative cost variance, on what two types of activities should you focus? Why?

Cost variance
=
Cumulative earned value – Cumulative actual cost

If the CV is negative, it means that the value of the work performed is less than the amount actually expended.  If the CV is positive, it means that the value of the work performed is more than the amount expended.

One should focus on:


Activities that will be performed in the near term. If you put off corrective actions until some point in the distant future, the negative cost variance may deteriorate.


Activities that have a large cost estimate. Usually, the larger the estimated cost for an activity, the greater the opportunity for a large cost reduction. 

11.
What is the key to managing cash flow? How can this goal be accomplished?

The key to managing cash flow is to ensure that cash comes in faster than it goes out.  This can be accomplished by asking the customer to:


provide a down payment at the start of the project. 


make equal monthly payments based on the expected duration of the project. 


provide frequent payments, such as weekly or monthly payments rather than quarterly payments.

12.
a) Refer to the table below. What is the cumulative budgeted cost at the end of week 6?

The cumulative budgeted cost at the end of week 6 is $100,000.


b) Below is a table of actual costs for the project introduced in question 15. What is the cumulative actual cost at the end of week 6? Referring to the cumulative budgeted cost shown in the table in question 15, determine whether there is a cost overrun or underrun. What is causing it?





Week



  1
  2
  3
  4
  5
    6

Cumulative
10
36
54
66
95
112

There is a cost overrun of $12,000.  The actual cost of Task 1 was $34,000 while only $30,000 was budgeted for it.  The actual cost so far of Task 2 is $68,000, while only $60,000 had been budgeted up to week 6.  The actual cost of Task 3 is $10,000 which equals its budgeted amount at week 6.


c) Below is a table of the cumulative percentages of work completed by the end of week 6 for the project introduced in question 15. What is the cumulative earned value of the project at the end of week 6? Is it good?

Cumulative Earned Value

Week

	
	TBC
	1
	2
	3
	4
	5
	6

	Task 1
	30
	9
	24
	30
	30
	30
	30

	Task 2
	70
	
	7
	17.5
	24.5
	38.5
	45.5

	Task 3
	40
	
	
	
	
	4
	8

	Task 4
	30
	
	
	
	
	
	

	Total
	170
	9
	31
	47.5
	54.5
	72.5
	83.5


The cumulative earned value at the end of week 6 is only $83,500; however, $112,000 has already been spent.


d) Refer to questions 15–17. What is the CPI at the end of week 6? What is the CV?

CPI = 83,500 / 112,000 = .7455

CV  = 83,500 – 112,000 = -28,500


e) Refer to questions 15–17. Calculate the FCAC using the first two methods described in the chapter.

Method 1 – Assuming the same rate of efficiency.

FCAC = TBC / CPI

FCAC = $170,000 / .7455 = $228,034.87

Method 2 – Perform the remainder of the work according to budget.

FCAC = CAC + (TBC – CEV)

FCAC = $112,000 + ($170,000 - $83,500)

FCAC = $112,000 + $86,500

FCAC = $198,500

WORLD WIDE WEB EXERCISES

Assign the World Wide Exercises to your students as homework or complete them together in a computer lab.

CASE STUDY #1 A NOT-FOR-PREOFT MEDICAL RESEARCH CENTER
This is an open-ended case study.  The students have the opportunity to be very creative on this one.  Encourage that creativity.

Answers to Case Questions

1. From item 2 in Chapter 7, you have the actual costs for each completed activity.  Now estimate of actual costs expended through August 15 (including any portion of committed costs) for each activity that is scheduled to be in-progress as of August 15. Make an estimate of the percent complete of the work performed for each of those same activities that are in-progress as of August 15. 

2. Using the plan, schedule and activity cost estimates from item 1 in Chapter 7, prepare a Budgeted Cost by Period table (similar to Figure 9.4) and graph a Cumulative Budgeted Cost (CBC) curve (similar to Figure 9.5) for the project.

3. Using the actual cost data (through August 15) from item 1 above, prepare an Actual Cost by Period table (similar to Figure 9.6) and add a Cumulative Actual Cost (CAC) curve to the CBC graph prepared in item 2 above (similar to Figure 9.7)

4. Using the percent complete data (through August 15) from item 1 above, prepare a Cumulative Earned Value by Period table (similar to Figure 9.9) and add a Cumulative Earned Value (CEV) curve to the CBC and CAC graph (similar to Figure 9.10).

5. As of August 15, calculate for the total project, the:

· Cost Performance Index (CPI)

· Cost Variance (CV)

· Forecasted Cost at Completion (FCAC)

      6.  If the FCAC in item 5 exceeds the Total Budgeted Cost (TBC) for the project, what

suggestions would your team make to reduce the costs of any in-progress activities or those activities not yet started, to get the FCAC within the TBC for the project?

Group Activity


Form groups of three or four members.  Have each group perform the above tasks.  
Allow each group to present their answers.

CASE STUDY #2 THE WEDDING
This is an open-ended case study.  The students have the opportunity to be very creative on this one.  Encourage that creativity.

Answers to Case Questions

* Answers will vary from student to student for each question.

1. From item 2 in Chapter 7, you have the actual costs for each completed activity.  Now have the same person also provide an estimate of actual costs expended through March 31 (including any portion of committed costs) for each activity that is scheduled to be in-progress as of March 31. 

Have a second person on your team (without discussing it with other members of your team) make an estimate of the percent complete of the work performed for each of those same activities that are in-progress as of March 31. 

2. Using the plan, schedule and activity cost estimates from item 1 in chapter 7, prepare a Budgeted Cost by Period table (similar to Figure 9.4) and graph a Cumulative Budgeted Cost (CBC) curve (similar to Figure 9.5) for the project.

3. Using the actual cost data (through August 15) from item 1 above, prepare an Actual Cost by Period table (similar to Figure 9.6) and add a Cumulative Actual Cost (CAC) curve to the CBC graph prepared in item 2 above (similar to Figure 9.7)

4. Using the percent complete data (through August 15) from item 1 above, prepare a Cumulative Earned Value by Period table (similar to Figure 9.9) and add a Cumulative Earned Value (CEV) curve to the CBC and CAC graph (similar to Figure 9.10).

5. As of August 15, calculate for the total project, the:

· Cost Performance Index (CPI)

· Cost Variance (CV)

· Forecasted Cost at Completion (FCAC)

6. If the FCAC in item 5 exceeds the Total Budgeted Cost (TBC) for the project, what suggestions would your team make to reduce the costs of any in-progress activities or those activities not yet started, to get the FCAC within the TBC for the project?

Group Activity


Form groups of three or four members.  Have each group perform the above tasks.  
Allow each group to present their answers.

HOMEWORK

1.
Have them read the real-world vignettes.

2.
Have them read the chapter and answer all of the Reinforce Your Learning questions and the questions at the end of the chapter.

APPENDIX  - MICROSOFT PROJECT

The Appendix in this chapter continues discussing Microsoft Project.  Get the students to produce the diagrams that are shown in the chapter.
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