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Abstract: Earned Value Analysis (EVA) is a method of measuring the project performance.
Although the concept exists since the nineteen’s century and it has been in use since the 1960s,
only now it is gaining considerable popularity. Those in favour will base their arguments in the
cost savings from the project and the improved communication, analysis and control that come
from its implementation. Those who have a different opinion will cite the limited benefit from
its use and the effort to make it work. There is no doubt that these different opinions come from
different experiences. Nevertheless, everybody agrees that EVA is a powerful tool if applied
correctly. The aim of this work is to implement this tool to a project in concrete and to evaluate
the use of EVA as a complementary tool of the system currently used — SAPE, in determining
and controlling costs associated with the project, at every moment of the project. This allows to
evaluate the possible deviations and to enable timely corrections.

Keywords: Integrated Management Systems, Project Control, ERP, SAPE, Information
Systems, Earned Value Analysis.

1 Introduction

Nowadays, consumers are highly exigent. Therefore, companies make great efforts to meet these
requirements trying to offer a consistently high level of service, regardless of the area where they
operate. To accomplish this objective companies must have the internal capabilities to reach not
only the purposes that their clients require but also an efficient level of operation, based on reduced
costs.

To achieve the goals mentioned above, the consulting company IA' is going to implement EVA
(Earned Value Analysis) tool as a complement to the SAPE? Software, already in use in the
company. Such integration would increase the strengths of both tools in the company. This enables

' The name of the company is not the real one, for confidentiality reasons.
? «Systems, Applications and Products in Data Processing"
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IA to get a much more rigid control of its projects. In addition, the project manager will have better
information to make his decisions. Consequently, as he will be better informed about the project
development, failures can be detected earlier.

Considering this, this paper aims:
1) to get an overall view of the SAPE software, highlighting its main deficiencies,
2) to reach a close analysis to the EVA tool,
3) to propose the application of this model to a case study and
4) to make an analysis of the results and draw the inherent conclusions.

2 SAPE Software

Considering the competitive markets and global economy, companies feel the necessity to develop
some vital characteristics in order to survive. For instance, the ability to obtain crucial information
and the way to manage it are essential factors for the company. Enterprise Resource Planning (ERP)
appeared in order to contribute to that.

SAPE main objective is to permit to companies to plan and to control their necessities
through this kind of information systems. While in its early stages, ERP was used as a tool to
manage operations, planning and controlling resources necessities. ERP was used to calculate the
quantity of resources needed and the correct time to do so. It was used to evaluate the implications
of the companies’ future demand on the financial areas, as well as to calculate the resources’
necessities. Nowadays it is used as a corporative system that supports and assists every business
area [1]. ERP is used in a larger way to cover all functional sectors of the company. Therefore, it is
now considered a “global plan” and became a software that allows the existence of a unified
information system and that connects all business areas. It has become a very agile application that
improves the whole Business Process [2].

SAPE or SAP ERP is the main product of SAP AG, a German company and the leader of
the corporative software market. Being a type of ERP, SAPE can be now defined as an integrated
management transactional system that connects all sectors of a company [3]. SAPE is a very useful
tool mostly because it allows a very high integration in the company. Several software can be
removed, once SAPE causes a reduction of data inconsistencies. However, this integration can be
seen as a disadvantage because it only considers one user to have an effect on all departments.
Another disadvantage of this system is that it can be seen as an account tool and, therefore, the user
of SAPE must have some knowledge about taxes and tributary legislation, otherwise he will not be
prone to use this tool correctly. Besides, SAPE is seen as a way to reduce costs and this might be
seen as a way to sack people. Finally, it is important to understand that most of SAPE disadvantages
are psychological, meaning that a strong motivation campaign to the advantages of this tool might
be necessary to motivate workers to believe in the system [4].

3 Earned Value Analysis
EVA is a tool that controls and evaluates a project’s performance based on its costs, deadlines and

progress. Its methodology consists in comparing what has been done or obtained (earned value)
with what really has been done and what should have been done. EVA is a control tool that permits
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to evaluate simultaneously and quantitatively the costs and delays in a specific time. It also makes a
prediction on how much money will be spent at the end of the project.

EVA is a strong methodology due to three main aspects: it is a uniform unit of measure, it is
consistent and it is a basis for cost performance analysis. Being a uniform unit of measure, it
permits to combine and to compare the progress of completely different tasks. As far as being a
consistent method, EVA allows that everybody inputs the information on how they are doing and
realise if they are on schedule and the percentage of work done. Finally, EVA is a basis for cost
performance analysis because it measures the quantity of work done in a consistent way, and
compare unit costs, unit. In other words, it allows the comparison between physical progress of a
project and its costs by using the same unit of measure [5].

After the presentation of the conceptual fundaments that support EVA, it is necessary to
define three main variables in order to successively implement this tool. The first is the Actual Cost
of Work Performed (ACWP). This is the money that has been spent to complete a task or, if the task
is not finished, the money that has been spent so far. The second variable is the Budgeted Cost of
Work Performed (BCWP). For completed tasks, this is the budget in the original task plan,
regardless of the money actually spent on completing it. For unfinished tasks, it is the task budget
multiplied by the percentage of completion so far. This might be seen as the achieved progress
because this is the earning value for the cost that a task was expected to incur. Finally, the third and
last primarily variable is the Budgeted Cost of Work Scheduled (BCWS). This is the money that is
expected to be spent on the work that is expected to be accomplished by now. This means that it
doesn’t matter if the task is actually finished or on schedule. To do this, it is enough to look to the
project plan and see what was planned to happen by now. For the project as a whole, these variables
are the sum of all the ACWPs, BCWPs and BCWSs of all tasks. It is important to understand that
these variables are functions of time. So, each time, EVA is used and these variables must be
recalculated [6].

Considered the main variables for each task and for the project as a whole, earned value scores can
be calculated. The first score is the Schedule Variance (SV):

SV = (BCWP - BCWS) /BCWS (1)
The SV compares the achieved progress with the planned progress and divides it by the scheduled
progress. This provides the percentage of deviation from what was planned.
The next secondary variable is the Cost Variance (CV):

CV =(BCWP - ACWP) / BCWP ()

The CV compares the actual cost to the planned cost for the work actually performed and divides it
by the planned cost to provide us with the percentage of deviation from plan.
The Schedule Performance Index (SP1) is:

SPI = BCWP / BCWS 3)

It is interesting to understand this variable meaning by using an example. If SPI = 0.9 this means
that 90% of the time predicted in the schedule was actually converted into work. Consequently,
there is a 10% loss of time and the work is behind the schedule. A SPI greater than 1 means that
works are better than scheduled.

In the same line, the Cost Performance Index (CPI) is:
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CPI = BCWP / ACWP (4)

Presenting an example once again, if CPI = 0.9 it means that for every 1€ consumed, only 0,9€ are
actually being converted into final product. Therefore, there is an overspending. A CPI greater than
1 means a spending of less money than what was predicted.

Now, for calculating the variables that are more meaningful and that permit more explicit results,
let’s begin to consider the variable Estimate at Completion (EAC):

EAC = ((BAC — BCWP) / CPI) + ACWP (5)

The BAC, or Budget at Completion, is what is planned to spend at the end of the project. So, the
EAC provides the work that has not been finished (BAC — BCWP), dividing it by the CPI and
adding the ACWP, which is considered a sunk cost.

Finally the Variation at Completion (VAC):

VAC =BAC - EAC (6)

It is easy to understand that this variable will show if one is spending more or less money than
expected and will quantify it [7].

Although EVA is a powerful tool, its usage is not consensual. A survey was made to 400
professionals who worked in 180 projects and the results were that EVA was used by 41% of
people but its value and popularity were very low. Trying to justify the low value proved by
researchers, Thamhain [8] states that the little applicability, found as a result in the studies made,
can be attributed to different barriers, either being internal or external.

To Wideman [9], a project of great importance requires a unit of planning and control with
professionals capable of collecting the information and making the analysis of added value, making
its applicability justifiable.

To Sparrow [10], the earned value analysis enables a supplementary value to the project because it
offers a premature visibility of its results. So, it is possible to determine a tendency of costs and
deadlines, while it is still possible to implement corrective actions.

On the contrary, West and McElroy [11] agree that EVA is an adequate tool for the generation of
reports of work done, and not a managerial tool, since the control in real time of the project, using
all parameters of analysis becomes unviable.

As can be seen, although it is consensual that EVA is a very powerful tool when applied correctly,
even in the areas where it has been applied, it is still not very well defined [12].
According to Lukas [13], the top ten reasons why EVA does not work are:

a) no documented requirements,

b) incomplete requirements,

c) WBS not used or not accepted,

d) WBS incomplete,

e) plan not integrated,

f) schedule and/or budget incorrect,

2) change management not used or ineffective,
h) cost collection system inadequate,

1) incorrect progress and

1 management influence and or control.

60 volume 4 (2011), number3



Aplimat - Journal of Applied Mathematics

Lukas [13] states that EVA is the most effective technique for providing information on project
performance. It communicates scope, schedule and cost status information to project stakeholders.
Properly used, earned value is a flexible process that provides timely information on the project
“health”. Effective use of EVA concepts can provide a competitive advantage in successfully
delivering projects. Lukas [13] also mentions that if you have prepared your project plan properly,
earned value analysis takes no additional effort to implement. The key is having complete
requirements and a good project plan.

4 Case Study

Now, let’s see how EVA works in a real life project. This project is called MSRCPF (“Monitoring
System Radiation Coils Pyrolysis Furnace”) and the objective is to implement an online monitoring
system to the pyrolysis furnace. This will allow the detection of malfunctions and reduction of their
consequences. This project also seeks to develop non destructive control techniques that will permit
to determine the degradation state of these equipments. Such techniques will be applied during the
programmed stops to avoid service failures that normally lead to production loss.

The main results that this project intends to achieve are:
a) increasing from four to six years the life of the equipment,
b)  getting a reduction by 25% of the opportunity and maintenance costs that come from un-
programmed stops,
c) getting a reduction by 29% of the opportunity costs that come from programmed stops,
d)  getting a reduction of the systematic maintenance costs in 14%,
e) improving the availability of the equipment due to a reduction of the un-programmed
stops and
f)  getting a minimal energy consumption by doing a reduction in some operations.

As it is, the programmed stops have a cost of 813.600€ per year. This corresponds to a profit
reduction of 520.000€ per day (opportunity cost). Looking at the equipment immobilization periods,
this means that there is a loss of 3.094.000€ per year. Concerning the un-programmed stops, they
have an opportunity cost of 2.080.000€ per year.

After a brief description of the project and after exposing the reasons for doing it, EVA can be put
into action. Let's assume a check point three months after the project begun. According to what was
initially planned, the status of the project should be as shown in tablel.

Tasks in Progress Predicted Completion
1.A - Furnace Hardware Implementation Studies 100%
1.B - Acquiring Systems, Storage and Data Transfer Studies 25%
1.C - Coquefication Model Studies 50%

Table 1: Percentage of completion after 3 months of work - Tasks and predicted percentage

Knowing this and knowing some internal information about the project, the amount that should
have been spent on each task and consequently the amount in the project as a whole can be
determined three months after it has started.

The results are shown in table 2.
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1.A Technical Personnel Worked Cost per Hour Total
Hours Worked

Fernando Afonso 45 34,74 € 1.563,30 €
Carlos Jorge 30 25,13 € 753,90 €
José Antonio 120 26,31 € 3.157,20 €
Rui Jodo 55 26,31 € 1.447,05 €
6.92145€

Sub—Cor'ltr'acted Worked Hours | Cost per Hour Worked Total

Technicians

José Augusto 25 70,00 € 1.750,00 €

Table 2: Task 1. A. Predicted Costs

Task 1.A. will cost 8.671.45€. This task is finished so this is the amount of money that has to be

spent on it after three months. Now let’s see what happens with task 1.B., see table 3.

1.B Technical Personnel Worked Cost per Hour Total
Hours Worked

Fernando Afonso 285 34,74 € 9.900,90 €

José Anténio 212 26,31 € 5.577,72 €

Mario Gongalves 212 19,71 €| 4.178,52 €
19.657,14 €

Sub-Contracted Technicians | Worked Hours | Cost per Hour Worked | Total

José Augusto 40 70,00 € 2.800,00 €

Table 3: Task 1.B. Predicted Costs

In this case, although task 1.B. will cost 22.457,14€, only 25% is supposed to be completed.
Therefore, it is supposed to have paid 5.614,29€ for this task so far. Finally, the status of the task
1.C. is shown in table 4.

1.C Technical Personnel Worked Cost per Hour Total
Hours Worked
José Antonio 145 26,31€ 3.814,95€
Rui Jodo 355 26,31€ 9.340,05€
Pedro Sousa 35 32,93€ 1.152,55€
Luis Sousa 140 21,99€ 3.078,60€
Celso Aratjo 75 26,81€ 2.010,75€
Nuno Batista 130 16,96€ 2.204,80€
Manuel Soares 285 28,58€ 6.435,30€
Sandra dos Santos 305 15,58€ 4.751,90€
32.788,90€
Technical Personnel Worked Hours | Cost per Hour Worked | Total
José Augusto 20 70,00 € 1.400,00€

Table 4: Task 1.C. Predicted Costs
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Once again, when task 1.C. is completed, it is supposed to cost 34.188,90€ but now, three months
after the beginning of the project, it has a 50% completion. So, the cost that now matters is
17.094,45€. How much each task is supposed to cost? and which tasks are supposed to be “on-
going”? It is possible to determine the amount that should be spent: 31.380,19€.

This amount is now exactly known. Unfortunately, things almost never go the way desired. Let's
see what happens if the real scenario is the following:
o Task 1.A. was harder than it was initially thought to be and, to finish it on time, everybody had
to work 5% more than expected.
« Due to technical problems, task 1.B. had a one month delay and so, in this third month
checkpoint, it still was not started.
« Due to lack of equipment, task 1.C. was delayed by one week.

Now let's see how EVA takes into account this new information. Firstly, task 1.A. is on time but it
costs more than the expected. Now it is necessary to spend 9.105,02€ to do the same job that it was
thought to cost 8.671,45€. Secondly, task 1.B. has not begun. So although it was not spent the
expected 5.614,29€, this is not good because the task is delayed and it will be probably necessary to
spend more money later. Finally, Task 1.C. is 46% completed and it was spent 15.669,91€ on it so
far. As can be seen, after three months of work, 24.774,94€ were spent while it was expected to
have spent 31.380,19€. To some people this might look like good news. But let’s see what EVA
configures about it.

The first thing to do is to determine the main variables for each task that has already begun or
should have begun (see table 5).

LA ACWP 9.105,02 €
~ | BCWP 8.671,45€
BCWS 8.671,45€

Table 5: Task 1.A. main variables

Almost instinctively, ACWP (real cost) is determined and so is BCWS (predicted cost). The only
tricky variable might be the BCWP. In this case, 1.A. is finished. So it does not matter if we have
spent more or less than predicted or if we took more time or not to do it. When a task is completed,
the BCWP is always equal to the BCWS. This shows that a good planning is absolutely imperative
for the success of EVA. When a task is completed, it is possible to earn the value that it was initially
established for that task. However, when a task is not finished this variable might cause some
doubts. Basically, it is necessary to multiply the real percentage of completion of each task by the
predicted costs of each one. In other words, it is necessary to determine how much the achieved
work should have cost according to the first predictions. Now let's analyze the development of the
task 1.B. (table 6).

B ACWP 0,00 €
" | BCWP 0,00 €
BCWS 5.614,29 €

Table 6: Task 1.B. main variables

Once again, this comes almost naturally. ACWP and BCWP are obviously zero because the task has
not started so there is no “work performed”. Additionally, BCWS is what we have seen above, the
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money that we were supposed to have spent by now. So far so good. This seems naturally
understood, it is easy to implement it and the theory comes almost naturally. Finally, let’s analyze
the development of task 1.C. (table 7).

1.C ACWP 15.669,91 €
" | BCWP 15.669,91 €
BCWS 17.094,45 €

Table 7: Task 1.C. main variables

In this case BCWP is equal to ACWP because it is spent exactly what it should be according to the
first predictions. On the other hand, BCWS is greater than BCWP showing that this task is delayed.
But let’s now determine the secondary variables to put this information in a quantitative way.

For the task 1.A., and using the equations (1) and (3), it is realized that SV = 0 and SPI = 1. This
means that this task is on time. On the other hand, when equations (2) and (4) are applied, it can be
seen that CV has a negative value (showing that this task is overspending) and CPI = 0,95. This
means that for every 1€ spent, only 0,95€ are actually being converted into work.

When looking at 1.B., it seems that it does not make much sense to calculate anything because the
task is yet to start. But notice what happens when equation (1) is used. The result shows SV = -1,
meaning that not only this task is delayed but also that it should have started but it did not.

Finally, when looking at 1.C., and applying equations (1) and (3), it is possible to see that SV = -
0,083 (once again showing that this task is delayed) and SPI = 0,92 (meaning that only 92% of the
time predicted was actually converted in work). Therefore, there was an 8% available time loss. On
the other hand, equations (2) and (4) show a CV = 0 and CPI = 1, meaning that the amount spent is
exactly what was predicted.

Now by knowing what is going on with each one of the tasks that should have begun by now, let's
look at the project as a whole and let’s see if should exist any concerns there. As told before, to see

the overall project, it is necessary to sum all the main variables. In this case, the results are in table
8.

ACWP 24.774,94 €
Project - Global Overview BCWP 24.341,36 €
BCWS 31.380,19 €

Table 8: Project Main Variables

Just by looking at these numbers it is possible to understand that things are not doing great. Let's
quantify it. When (1) is calculated, SV = -0,22. Accordingly, (3) presents a value for SPI of 0,78. So
this project is definitely behind the schedule. On the other hand, when (2) is applied, it shows a CV
=-0,02. Again, (4) shows us an CPI = 0,98 which means that this project is overspending. These are
really bad news. If things continue as they are, this project will not only take more time to finish but
also will cost more money. Let’s now quantify how much more. From the first predictions it is
possible to know that this project has a budgeted cost (BAC) of 1.082.348,88€. When using (5), it
can be realized that the EAC is 1.101.627,86€. Using these two variables, (6) can be calculated and
it gives a VAC of -19.278,98€. This means that if the project keeps this tendency, when it is over, it
will have cost more 19.278,98€ than expected. To do a time analysis a Gant graph should be built.
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EVA does not take into account the critical path nor the slacks of each activity so it is impossible to
know if a delay now will affect the final date for completion. Nevertheless, this deficiency is easily
beaten and EVA's advantages in cost control might be the difference between success and failure.

S Conclusion and Limitations of the Study

First of all, it is important to say that the scenarios built for the case study were made up to provide
the results wanted because there is no information about the real status of the project.

In this case study, for task 1.A., it was said that everybody worked 5% more. In real life these
situations do not happen. One worker might work 10 hours more than expected, other one 7 hours
less but it is always hard to realize the money that it is actually being spent. This is definitely a key
success factor for EVA. A good informatics system and the habit of reporting progress and costs are
the support that EVA requires.

Another thing to take to keep in mind is that, to simplify the math, we did not took into account the
overheads nor equipment purchases. Basically, the results shown are just from tasks and their costs.
Normally, in a project there are other factors that might influence the performances.

Another key success factor is the quality of the predictions and planning. As it was seen, the earned
value at the end of a task was always what was predicted. Time allows that a project plan can be
thought carefully.

It was also seen that EVA follows a standard or a tendency. So, spending an extra 1.000€ now, it
does not mean that, at the end of the project, it will cost just 1000€ more. Probably, if you are
overspending now you will keep on overspending and at the end of the project you will pay not
1.000€ but 20.000€ more than expected.

EVA may represent also a great control tool and it can be used many times to this aim. If something
is wrong, EVA will definitely warn you on time so you can take corrective actions.

Finally, every time you use EVA you have to update your schedule. This might not look much
important but it is and for that it is enough to see the following example. Imagine that a project lasts
12 months, you use the EVA model after the first one and you realize that the project is delayed.
You take the actions needed but you forget to update your schedule. When you do another check
point control, let's say, at the end of the second month, even if there were not any more delays, the
effects of that first delay will still be visible and you do not understand why. In other words, after
that first delay, task X would finish two weeks later than first planned and if you do not update your
schedule, every time you use EVA you will think that X is delayed another two weeks, when in fact
it is already a consequence from the first delay.

To sum up, Earned Value Analysis is a very powerful project control/management tool. It might be
expensive and it might be difficult to put it into work at the beginning. But if you have a good
informatics system that collects your costs, if you have experienced personnel in planning and if
you create your projects knowing that the EVA model will be applied, meaning that your project is
formed by small and manageable tasks, than Earned Value Analysis may give you an edge and an
advantage that can make all the difference.
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