
                                    

How to Apply Earned Value Management to Programs that Include 
Elements of Continuous Operations 
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Outline 

This article presents the application of the Earned Value Management (EVM) technique to 
measure the performance of programs integrated by a group of projects that are managed 
simultaneously and that have an element of continuous operations as it is the case in the 
manufacturing of a product or the exploitation of a mineral. The proposed application, allows us 
to obtain the performance of different projects and the program at the same time to determine if 
variances in the production are due to delays or progress in the project execution or to variances 
to the continuous operation process.  
 
The proposed technique can be applied in any industry that executes projects to increase their 
continuous production processes, as are both the oil industry as well as mining.  
 
 
Earned Value Management Technique 
The Earned Value Management technique (EVM) is a methodology that integrates scope, time 
and cost within the same model to measure project performance. It allows us, through the usage 
of indicators, to determine the status time and costs as well as to obtain different delivery trends 
and forecasts. It fundamentally consists of the following:  
 
In the planning stage we establish a base line to measure project performance following the next 
steps that are also graphically illustrated in figure 1: 
 
1. - A Work Breakdown Structure (WBS) is established. This WBS is a descending vertical 
structure that represents the scope of work that has to be carried out to execute the project.  
 
2. - Based on the WBS we can now establish the projectôs schedule, preferably using network 
techniques. (PERT, CPM, etc.) 
 
3. - Using the same WBS we can assign the planned cost to the different elements that must be 
carried out to execute the project. In some projects it is more practical to assign men/hours or 
simply establish the percentage such element represents.  
 
4. - After assigning the cost to all elements and to the schedule, we can distribute cost through 
time. The distribution of accumulated cost through time is the baseline used to measure the 
projectôs performance. If instead of assigning the cost, we assigned men/hours or percentages, 
this will be the element distributed through time.  
 
 
 
 



                                    

 
Figure 1 

 
In the execution phase, the technique to carry out control activities is as follows:  
 
1. ï For the same report date we must calculate the following values:  
 
PV = Planned Value. Base line value up to the report date. 
EV = Earned Value. Value of all the work physically performed in accordance to the budgeted 
costs within the base line.  
AC = Actual Cost. Actual cost of the work performed.  
     
This process is illustrated in figure 2. 
 

 
Figure 2 

 
2. - The project performance is measured by comparing the three variables obtained when 
calculating the following indicators:  
 
SV = Schedule Variance. SV=EV-PV 
CV = Cost Variance. CV=EV-AC 
SPI = Schedule Performance Index.  SPI= EV/PV 
CPI = Cost Performance Index. CPI= EV/AC 
 
3. - The value of the previously mentioned indicators reflects the state of the project.  



                                    

 
The calculated variations of cost and schedule (CV, SV) are interpreted as follows:  
 
Variances superior to zero (positive) indicate a satisfactory performance.  
Variances equal to zero indicate a performance equal to what was planned.  
Variances below zero (negative) indicate an unsatisfactory performance.  
 
The cost performance indexes and the schedule performance indexes (CPI, SPI) are interpreted 
as follows:  
 
Indexes superior to 1.0 indicate a satisfactory performance.  
Indexes equal to 1.0 indicate a performance equal to what was planned.  
Indexes below 1.0 indicate an unsatisfactory performance.  
 
The variances and indicators are periodically appraised and its graphic representation allows us 
to evaluate de current state of the project and the performance trends.  
 
 

 
Figure 3 

 

Program 

Industries as the oil or mining industries carry out projects of strategic investments with the sole 
objective of maintaining and improving their production processes. Projects are processes that 
are performed only one time and production, in general, is a process of continuous operation. 
The fundamental model that is used by these companies to integrate and coordinate projects 
with operations is in accordance to PMIôs definition of a program, which states: ñA group of 
related projects managed in a coordinated way to obtain benefits and control not available from 
managing them individually. Many programs also include elements of continuous operationsò. 
The concept of program is graphically represented in figure 4. 
 

 



                                    

 
        Figure 4 

 
The program performance can be measured using the Earned Value Management technique 
previously explained. If the elements of the work breakdown structure were projects, the vertical 
integration of the structure allows, using the same technique, to evaluate the performance of the 
projects as a whole or of the processes that are executed only once.  
 
The integration of projects with processes of continuous operation is done in the following 
manner:  
 
In the planning phase we establish the accumulated production base line obtained from the 
production forecast and from the schedules of the various projects. The program base line is 
obtained when we consolidate the different projects. The process is illustrated in figure 5. 
 
The model can be built for each project and for the group of projects being managed in 
coordination, hence the program.  
 

 
Figure 5 

 
Performance Measurement 
During the execution phase, performance is measured as follows:  
 
1. - The performance of each project is measured as well as the performance of the program 
using the earned value technique previously discussed. 



                                    

 
2. - From the earned value management technique and using the project base line we obtain the 
equivalent date for the work performed. In practical terms this represents the date of the physical 
progress of the project within the original schedule. The procedure is graphically exemplified in 
Figure 6. 
 

 
Figure 6 

 
3. - For each project, we obtain the accumulated production equivalent to the actual progress 
and to the consolidation of the program.  
 
4. - To measure each projects performance as well as the program, we must obtain the following 
values during the report date.  
 
PPV = Planned Production Value. Production baseline value up to the report date; for each 
project or program.  
 
PEV = Production Earned Value. Production value in accordance to the actual physical progress 
of each project or program.  
 
PAC = Actual Production. Accumulated actual production value up to the report date; for each 
project or program.  
   
5. - The production performance of each project as well as the program is measured by 
comparing the three variables obtained once we have calculated the following indicators: 
 
VPP = Production Plan Variance. Difference between the actual production and the planned 
production.  VPP=PAC-PPV    
 
VEP = Production Efficiency Variation. Difference between the actual production and the 
equivalent production in accordance to the physical progress of the projects. VPE=PAC-PEV 
 
IPP = Production Plan Index. Quotient obtained by dividing the actual production between the 
planned productions.  IPP=PAC/PPV 



                                    

 
IEP = Production Efficiency Index. Quotient obtained by dividing the actual production between 
the equivalent productions in accordance to the actual physical progress of the work performed.  
IEP=PAC/PEV 
 
These indexes and variances that have the same interpretation that the indicators in charge of 
measuring project performance, allows us to appreciate if variances in production are due to 
delays or progress in the projects or variances within the production process.  

 
Example 
Tables 1 and 2, show the base line from the original work plan and the incremental production 
for three projects as well as for the program.  
 

X Y Z

0 -$              -$              -$              -$              

1 300.00$       -$              -$              300.00$       

2 700.00$       400.00$       300.00$       1,400.00$   

3 1,000.00$   800.00$       600.00$       2,400.00$   

4 1,000.00$   1,200.00$   900.00$       3,100.00$   

5 1,000.00$   1,600.00$   1,200.00$   3,800.00$   

6 1,000.00$   2,000.00$   1,500.00$   4,500.00$   

7 1,000.00$   2,000.00$   1,800.00$   4,800.00$   

8 1,000.00$   2,000.00$   2,100.00$   5,100.00$   

9 1,000.00$   2,000.00$   2,400.00$   5,400.00$   

10 1,000.00$   2,000.00$   2,700.00$   5,700.00$   

11 1,000.00$   2,000.00$   3,000.00$   6,000.00$   

12 1,000.00$   2,000.00$   3,000.00$   6,000.00$   

# PROGRAM
PROJECT

PROJECT BASE LINE ($)

      Table 1 

X Y Z

0 0 0 0 0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 100 0 0 100

5 200 0 0 200

6 300 0 0 300

7 400 200 0 600

8 500 400 300 1,200

9 600 600 600 1,800

10 700 800 900 2,400

11 800 1,000 1,200 3,000

12 900 1,200 1,500 3,600

PRODUCTION BASE LINE (U)

#
PROJECT

PROGRAM

     Table 2 
       

              
 
 
 
Assume we make a progress report during week 8. The progress and actual production of each 
project and of the program is shown in tables 3 and 4.  
 



                                    

X Y Z

0 0 0 0 0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 100 0 0 100

7 200 0 200 400

8 300 250 400 950

ACTUAL PRODUCTION (U)

#
PROJECT

PROGRAM

                 

X Y Z

0 -$              -$              -$              -$              

1 200.00$       -$              300.00$       500.00$       

2 400.00$       -$              600.00$       1,000.00$   

3 600.00$       400.00$       900.00$       1,900.00$   

4 800.00$       800.00$       1,200.00$   2,800.00$   

5 1,000.00$   1,200.00$   1,500.00$   3,700.00$   

6 1,000.00$   1,600.00$   1,800.00$   4,400.00$   

7 1,000.00$   2,000.00$   2,100.00$   5,100.00$   

8 1,000.00$   2,000.00$   2,400.00$   5,400.00$   

ACTUAL PROGRESS ($)

#
PROJECT

PROGRAM

 
Table 3          

Table 4 
 
The performance indicators for each project are obtained as it is shown in figures 7, 8 and 9 and 
are integrated to calculate the ones for the program. The indicators for each project and for the 
program are shown in table 5. 
 

   
Figure 7 

 
          Figure 8 
 
 
 
 



                                    

       
Figure 9 

 

X Y Z

PV 1,000.00$   2,000.00$   2,100.00$   5,100.00$   

EV 1,000.00$   2,000.00$   2,400.00$   5,400.00$   

PS 8 8 8 8

ES 6 7 9 9

PPV 500 400 300 1,200

PEV 300 200 600 1,100

PAC 300 250 400 950

VPP -200 -150 100 -250 

VPE 0 50 -200 -150 

IPP 0.60 0.63 1.33 0.79

IEP 1.00 1.25 0.67 0.86

PROGRESS DURING WEEK 8

INDICATOR
PROJECT

PROGRAM

      
Table 5 

 
The analysis of such results allows us to observe the following:  
 
Project ñXò even though it is already finished, it finished behind two periods which yielded a 
variance of 200 production units (VPP). This is appreciated in value of the IPP which is 0.60. 
Nevertheless, production efficiency is equal to the planned production which is indicated with 1 
in the IEP indicator.  
 
Project ñYò finished behind only one period which motivated a variation of 150 production units 
(VPP) but the final production obtained is 50 units higher than the one expected in accordance 
to the project progress (VPE). This is reflected in the various indicators; an IPP=0.63, which 
means that there is a delay in production and an IEP=1.25, which means an increase in the 
planned production.  
 
Project ñZò is ahead, which motivates an increase in production (IPP=1.33). Nevertheless, it is 
not producing to the originally programmed speed (IEP=0.67)  
  



                                    

Figure 10 shows the base lines and performance at a program level. The projects show a slight 
progress (90% vs. 85%) with an SPI = 1.06. The production has a delay of (26% vs. 33%) with 
an IPP = 0.79 and an IEP = 0.86 indicating that independently to the delays and/or progress 
within the projects, the production is not near the originally planned efficiency.  
 

 
 
 

Conclusions 
The proposed technique derived from the technique known as Earned Value Management that 
can be used to measure the performance of programs integrated by a group of projects that are 
managed simultaneously and that have an element of continuous operations as it is the case in 
the manufacturing of a product or the exploitation of a mineral. The obtained indicators allow us 
to appreciate if the variances in production are due to delays or progress in the projects or 
variances within the production process. The full application of the technique to simultaneously 
measure project performance and the production process provides better information to higher 
management in order for them to take the appropriate measures on time.  
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