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Abstract: The purpose of this study is to analyze the overruns in term of cost and schedule of coal power plant project carried 
out by Descon Engineering Ltd, Karachi. For the case study, we obtained data from the progress reports of contractor, through 
performed surveys and interviews of project team. Earned value management (EVM) tool is mainly used for the analysis of 
the project data. In addition, the critical factors of delays are identified in order to analyze the reasons to formulate the 
necessary recommendations to overcome it in future. The study shows that scheduled performance index (SPI) is 0.86 which 
means that 14% extra time wasted during the project. The CPI of the project was 0.67 which shows 33% of total budgeted 
amount has been wasted during the project execution. It was also found that the greatest reasons for the delay in the project 
was unavailability of materials, bottleneck in civil section, extensive revisions in design of substructures, and lack of skilled 
manpower. At the end, some recommendations for the contractor have been suggested to avoid overruns in future projects.  
Keywords: Earned value management, delays, Schedule performance index, Cost performance index.  

 
1. INTRODUCTION 

 

Project overruns result into very harsh consequences both for the owner and the contractor. The contractor and the owner pay 
extra charges for the completion due to delay in large projects. When the completion time of the project exceeds the agreed 
completion time, it is known as project delay (International journal of project management). The worldwide trends in project 
performances shows that 65% of the projects having cost more than 01 billion USD fail to achieve its objectives. Similarly, 
35% of the projects having cost less than 1 million USD lead to failure in getting the set objectives. The study shows that 
25% projects suffer from over budget while 50% of them suffer from over schedule [1]. 

The history of trends in project over runs show that it has been a very common problem for project managers. J.l. Narayan 
observed in his study that infrastructures projects in India undergone some extensive changes in the trends of cost overruns 
in the period from 1991 to 2010. He finds out that cost overrun in projects with respect to the original approved cost have 
come down from 62% in March 1991 to 12% in March 2008 and then increased to 21% in September 2010 [2].  
He further indicated that time overruns in terms of percentage of projects running behind their original schedule show a mixed 
trend during his period of study. He showed that percentage of projects behind schedule declined from 62% in 1991 to lowest 
ever 31.72% in March 2001, it then increased up to 34.13% in March 2007 and continued up to 52.10% in September 2010 
[2]. 
There are numerous causes of overruns in projects. The causes of project delays fluctuate according to and due to the faults 
and weaknesses of the owners and the contractors. It is needed to conduct detailed investigation and identification of delay 
factors and then selecting the right actions to counter them [3].   
In Pakistan, the various causes for delay in projects identified in previous studies are mainly due to late payment of bills, 
possible changes to design, unclear perception of demands, inefficient property time decision, previous working relationships, 
and missing details in drawing [4]. 
Aedwin Regi Varghese1 and Shibi Varghese classified the delay reason based on their relation to the contractor, owner, 
consultant, labor and equipment. He further enlisted the External factors for the delays. The Contractor related delays were 
identified to be occurred mostly due to the late payments. They also occur due to poor site management, supervision and 
reworks. Owner related delays frequently occur due to the slow decision making from owner side. Labor & equipment related 
delays were identified to be occurred due to Shortage of materials, low productivity level of labors and delay in obtaining 
permits. External Factors can be identified mostly as delays in commissioning [5]. To identify delays in project at different 
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point of time, different tools are being used. One of the project management tools, earned value management (EVM), is used 
to evaluate the project. EVM is a project control methodology that originated in the 1960s at the US Department of Defense. 
EVM aggregates the progress of individual activities to a higher level of the work breakdown structure (WBS) and provides 
the project manager with an indication of the overall health of the project. Because of the aggregation of information at a low 
level to a higher level of the WBS structure, EVM is known as a top-down control method [6].  
EVM is based on three basic variables: Planned Value (PV), Actual Cost (AC), and Earned Value (EV). From the basic 
variables, four indexes are defined: Cost Variance (CV = EV-AC), Schedule Variance (SV = EV-PV), Cost Performance 
Index 
(CPI = EV / AC), and Schedule Performance Index (SPI = EV /PV). Whenever CV<0 and CPI<1, it shows that the project is 
over cost. Similarly, if SV<0 and SPI<1, then the project is delayed. Positive values of SV and CV mean the project is in 
advance from plan and under budget respectively [7]. 

According to (PMBOK® Guide) Third Edition, the Earned Value Method (EVM) is recommended as the global 
standard for project performance measurement. It integrates scope, cost, and schedule measures. It could give good picture 
of current project status at the date of control. The concept of implementation the EVM into the cost control and even to 
overall performance measurement of construction projects have been presented by many authors. [8, 9, 10, 11]. 
In a nutshell, we say that EVM is an effective tool to analyze the project status and the first step towards the recognition of 
the facts which are involved in bringing the project out of track and setting up the remedies for them in order to ensure a 
uniform project flow.  

The case study is an implementation of EVM tool on a project of Descon Engineering limited to evaluate. The study 
has been organized in separate sections to recognize and highlight the issues and statistics related to delays and over cost. We 
started with the introduction of problems with a thorough literature review. This is followed by describing the data and the 
tools used for data analysis. Then we provided the results and discussed in detail with possible reasons and solution in the 
recommendation section. In the last section, we concluded our study after putting recommendations for the contractors, 
owner, industrialists and researchers etc.  
 
 

2. METHODOLOGY 
 
 
2.1 METHODS OF DATA COLLECTION 
 
 
We obtained data from Descon Engineering Ltd for the period of January 2015 to August 2016. The project was started at 
January 2015 and was planned to be completed till August 2016.  The data was collected in the form of monthly reports, 
through our own surveys and interviews with the concerned Expertise of different departments of the organization. The main 
source of our data are company monthly progress reports. However, we also collected data from 25 employees, working in 
various departments of the organization on various positions, through specified surveys forms. Our survey was to identify 
severe reasons due to which maximum number of activities affected. The survey further covered the information regarding 
cost based severe activities.  The survey also had two open ended questions to get suggestions from the participants about the 
overruns in the project and for suggesting the alternate strategy, through which we can avoid the overruns in future project.   
The company’s reports indicated the performance and effectiveness of the project. The reports also portray the progress of 
the project, delay time if there is any, detail information about the reasons for delay in the project, and future forecasted and 
updated plan for the project.  
 In the desired project the reports for the month of April 2016 and August 2016 were studied. Both reports of April 2016 and 
August 2016 provided data from the very start of the project to the latest possible date of the last months; March 31, 2016, 
and July 31, 2016, respectively.  The reports show the overall progress of the project and the progress of each of three 
departments namely Civil, Mechanical, and Electrical and instrumentation departments. The progress was shown in term of 
Planned Values (PV), Actual Values (AV), and Earned Values (EV) of man hours for each department. The progress was 
depicted with the help of S curves. The reports also contain man hour analysis for each month in addition to all the required 
data. The Man hours analysis consists of Planned Values (PV), Actual Values (PV), and Earned Values (EV) for the cost 
centers (Group of interrelated activities) of the project. We further calculated scheduled and cost variances for the project. 
However, Schedule variances (The difference between planned value and Earned value) were calculated for the whole project 
and for each month as well. Although due to some constraints in term of access to the cost data, we were only able to calculate 
cost variance (The difference between Actual value and Earned value) for the whole project rather than monthly wise.  The 
data regarding Planed, Earned and Actual values was extracted from the reports for the study and delays were identified 
through these data values. 
As the project is a mega project and contains very large number of activities, so difficult to deal with such big data of the 
project activities. Therefore, the company have grouped the interrelated activities in hundred (100) different units known as 



cost centers.  We grouped these cost centers in two classes; cost centers which have positive man hour variance and cost 
centers which have negative man hour variance. It was our first step for analysis to specify the delay reasons.  There were 
sixty-one (61) cost centers, which showed negative variances, while the remaining thirty nine (39) cost centers showed 
positive variances.   So, our study focuses on the sixty-one (61) cost centers. The remaining thirty-nine (39) cost centers is 
out of the scope of the project.  
The 61 cost centers identified as causing over runs in the project were focused for further data collection. As these cost centers 
were related to three departments that are Civil, Mechanical and Electrical departments. Interviews with the concerned 
authorities of each department were conducted and delay reason for each of the sixty-one (61) cost centers were identified 
through these interviews.   
The reports also highlighted the causes of negative variances and flaws in the project performance. It consists of seven (7) 
main reasons due to which project performance was affected. They also discussed the mitigation strategies applied to 
compensate the problems. 

 
2.2 Cost Performance Index (CPI) and Schedule Performance Index (SPI)

 
The selection of right tools and techniques is necessary to perform a successful study. This study includes the application of 
the EVM used to identify project overruns and its causes. EVM evaluate projects in term of its cost and schedule variances 
and performance indexes. Variances identify delays of the project and over cost if there is any. The cost performance index 
measures the efficiency of the project in term of cost. Similarly, schedule performance index measures the efficiency of the 
project in term of time.  

 
2.2.1 Cost variance 
 
Cost variance is the algebraic difference between the value of the work accomplished in terms of the baseline (EV) and the 
amount spent to accomplish the work (AC). The cost variance tool has been used in the study to calculate the variance of coal 
power plant project in terms of cost.  
 

EV-AC = Cost variance (CV)………….(1) 
 
  The negative value of cost variance shows that project is over cost. The positive value of cost variance shows that 
expenses of the project is less than what was planned. In other words, greater the positive variance shows that the project is 
running more economically than what was plan.  
As give in the equation (1) Actual Value (A.V) and Earned Value (E.V) are the prerequisites for cost variance. These values 
have been calculated from the values extracted from the monthly progress reports of the company. The reports consist of 
month wise project progress in percentages. These percentages have been used to calculate the Actual and Earned values of 
man hours.  
In this study, the Actual values and Earned values calculated from the start of the project i.e.  January 2015 to August 2016 
 
2.2.2 Schedule variance 
 
Schedule variance is the algebraic difference between the value of the work accomplished in terms of the baseline (EV) and 
the amount of work that was planned (PV). The schedule variance tool has been used in the study to calculate the variances 
in the coal power plant project on monthly basis. 
  

EV-PV= Schedule Variance (SV………… (2) 
 
The negative value of the schedule variance show that the project is behind the dateline and there are some delays. Similarly, 
the positive value shows that project is going ahead of the planned value.  
As show in the equation (2) Planned Value (P.V) and Earned Value (E.V) are the prerequisites for schedule variance. 
Similarly, to the values of cost variance, these values also have been calculated from the values extracted from the monthly 
progress reports of the company. The reports consist of month wise project progress in percentages. These percentages have 
been used to calculate the Planned and Earned values of man hours.  
The Plan values and Earned values also have been calculated from the start to the latest possible date for us i.e.  January 
2015 to August 2016 
 
 
2.2.3 Cost performance index (CPI) 
 



Cost performance index (CPI) is a project management key performance indicator that answers the question "Is your project 
behind or ahead of the schedule until now, in terms of cost?" This CPI shows the rate of actual cost consumed for work done 
so far.  
 

Cost Performance Index (CPI) = EV/AC…………(3) 
 

Cost performance index measure the efficiency of the project in term of its cost. CPI smaller than one shows that the project 
behind the planned budget. Similarly, CPI greater than 1, although is very unusual in practical world, shows that project is 
ahead of the planned value. 
 
2.2.4 Schedule Performance Index (SPI) 
 
Schedule performance is the ratio of the value of the work accomplished in terms of the baseline (EV) and the amount of 
work that was planned (PV). 
 

Schedule Performance Index (SPI) = EV/PV…………..(4) 
 
 
An SPI equal to or greater than one indicates a favorable condition and a value of less than one indicates an unfavorable 
condition 
 
We presented month wise schedule variances of the coal power plant project and cumulative costs in S curve to make it more 
obvious and noticeable.  
 
 To graphically show the frequency and weightage of the delay causes, the data was put into a tabular form. The most 
prominent delay causes were highlighted and distinguished it from normal causes. We used it to find out that which delay 
reason highly affects the project. Further, cause and effect diagram are applied to identify the root causes of overruns in the 
project.
 

3. RESULT AND DISCUSSION 
 
 
We have three set of results from different analysis. These are results from schedule analysis, cost analysis, and overruns 
causes analysis. Each set of results used to evaluate a specific component of Earned value management. We discuss each set 
of result in the proceeding section.  

 
 

3.1 Schedule Analysis: 
 

 
 
As show in Table No. 1, the schedule variance and schedule performance index have been calculated and presented in column 
number 5 and column number 6 of the table respectively. The positive values of Schedule variance show that the project is 
ahead of the plan while the negative values indicate delay in the project i.e., the project is behind the plan. Similarly, the data 
values greater than 1 for the schedule performance index indicate the better efficiency in work progress while the data values 
less than 1 indicate the poor efficiency of work progress. The table also have plan values and earned values shown in term of 
man hours, which are prerequisites for the schedule variance. We see from the table, the data values for the initial two months 
is zero. The work progress in these were very small and so negligible. Therefore, we rounded up the values to zero for the 
first two months. The later values show the different numbers of man hour values as the project heads towards the progress 
in corresponding months. The trend in schedule variance is mixed, but predominantly negative. It can be observed from the 
table that fourteen (14) months among 20 months show negative variance, only four (4) months show positive variances. The 
initials months of the project show positive variance from January to July 2015 except April 2015. The overall progress is 
satisfactory in these months because the project was in its starting phase. In starting phase, the project is less complex, so it 
is easier to manage. Later when the project gets more progress, it becomes more complex and gets out of scope due to changes 
in plans and designs by the stakeholders. As a result, we observe from the table that the Schedule variances are negative 
during the month of August 2015 up to May 2016. During these months, the negative schedule variance (S.V) values were in 
its peak. The variances for the months June 2016 to August 2016 show lesser negative values. The decline in the negative 
variance values shows the project is heading towards completion. 



 
Table 1.  Schedule Variance analysis  

 
 

 
It can be understood from the table that the project is seriously suffering from schedule delay as measured by the 

parameters of Schedule variance and Schedule Performance index. This data will be the key for the analysis for getting into 
the roots of the delay in project and identifying the flaws which resulted into this condition of delay. The results from the 
above data can be observed and better understood through the S curve as given in figure 1. 

The S curve is statistical model of the variances based on the Planned values (P.V) and earned values (E.V). On the 
S curve the x-axis shows the names of the months and year for which the data values being considered. The Y axis shows the 
Planned values (PV) and Earned values (E.V) for the corresponding months. The blue line represents the trend in the Planned 
values (PV) for each month while the orange line represents the trends in Earned values (E.V) for each month. The dots in 
the blue and orange lines show the exact location of data values on the X-Y plane. The gap between the two lines depicts the 
variances of the project from its track at corresponding months. 

 The graph shows that the project is in a proper flow in the initial months of the starting of the project and even 
shows a better trend in July 2015. The project detracted from August 2015 as depicted by graph. The variance continuously 
increased till it reaches its peak value in May 2016. It further depicts that in coming months there is a decline in the value of 
variance, but the variance continues. 

In a nutshell it is obvious from the graph that the current statistics show that the project is suffering from overruns 
in terms of time and that the project is far behind its completion date, which was expected to be completed on Augus2016 
accordance to the baseline schedule data of the relevant organization and as depicted in the S curve.  

S.No Months Planned    Man-
hrs. value (P.V) 

Earned Man-hrs. 
Value (E.V) 

Schedule Variance 
(S.V) 

Schedule 
performance index 
(SPI) 

01 Jan-15 0 0 0 0 
02 Feb-15 0 0 0 0 
03 Mar-15 22371.19 37023.19 14652.00 1.65 
04 Apr-15 83891.96 50335.17 -33556.78 0.60 
05 May-15 190155.98 206933.49 16777.51 1.09 
06 Jun-15 302011.04 341160.62 39149.58 1.13 
07 Jul-15 486573.34 814510.14 327936.80 1.67 
08 Aug-15 743842.00 710285.22 -33556.78 0.95 
09 Sep-15 1096188.21 950775.49 -145412.72 0.87 
10 Oct-15 1560390.36 1286343.31 -274047.05 0.82 
11 Nov-15 2091706.08 1560390.36 -531315.72 0.75 
12 Dec-15 2757248.92 1907143.78 -850105.14 0.69 
13 Jan-16 3406013.73 2214747.61 -1191266.12 0.65 
14 Feb-16 4032406.64 2522351.45 -1510055.19 0.63 
15 Mar-16 4658799.90 2975368.00 -1683431.90 0.64 
16 Apr-16 5083852.47 3417198.97 -1666653.51 0.67 
17 May-16 5413827.50 3383642.19 -2030185.31 0.63 
18 Jun-16 5083852.47 4239340.13 -844512.35 0.83 
19 Jul-16 592797.00 4602871.93 -989925.07 0.82 
20 Aug-16 5592797.00 4938439.75 -654357.25 0.88 



 
 

Fig 1.  Statistic model of Schedule variance 
 
 

3.2 Cost Variance Analysis:  
 
 

As mentioned in the earlier section, Earned Value (E.V), and Actual Value (A.V) are the prerequisite for cost variance and 
cost performance index. These values are based on the   man hours instead of cost. Because of certain constraints in access 
to the cost data. Therefore, to convert man hour’s values into cost values, the following assumption was made to perform cost 
variance analysis. The Earned values (E.V) and Actual values (A.V) of man hours available up to the month of August 2016 
are interpreted in the following way to proceed further. 
 
Let us assume “X” is cost/Man-hr. 
Then Cost=Number of man-hrs. * X 
So, from the available Earned Man-hours, which is 5,202,129 hours up to August 2016. 
Similarly, calculated actual Man-hrs and so actual cost.  
So, the values of Cost Variance and Cost performance index can be calculated as shown in the table 2.  
 

 
Table 2. Cost variance analysis  

 

 
 
 
The negative cost variance (C.V) and decimal cost performance index (CPI) parameters show that project is suffering from 
cost overruns. It means that extra money has been spent on the project as compared to the budgeted values of money allocated 
for the project.   

The cost and schedule variance analysis performed indicate that it is an alarming situation for the stakeholders of 
the project as the project is suffering both in terms of cost and time. The statistics also depict that the project management is 
not being applied in an effective and efficient manner in the current project. It stimulates us to study and sort out the causes 
for such worse condition in order to avoid these problems in future projects and make project management more effective 
and efficient in the relevant organization
 

3.3 PROJECT OVERRUNS CAUSE ANALYSIS: 
 
 
For project overruns cause analysis, we reviewed the monthly progress reports of the organization thoroughly as our 

first step to analyze the causes for delays mentioned in the reports. We extracted currently on going and real time issues with 

Earned Value 
E.V 

Actual Value 
A.V 

Cost Variance 
C.V=E.V-A.C 

Cost Performance Index 
CPI=E.V/A.C 

5,202,129x 7,695,786x -2493657x 0.675 



the project affecting its progress. To check the delays more closely, we conducted surveys on specifically designed 
questionnaires to records the perceptions of employees about the causes of delays. As discussed in data collection section, 
the interviews were conducted to know more about the causes of delays from the expertise of each department’s i.e., Civil, 
Mechanical and Electrical and Instrumentation departments. They were asked to mention the reasons behind negative 
variances of man hours in the cost centers related to their respective departments. The causes identified and got more focus 
from all sources are as enlisted in Table 3. 
 

Table 3.  Causes of delays frequency 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
The details of the number of cost centers affected and the frequency of cause’s identified through interviews are shown in the 
table. 3. There are 61 cost centers which suffered out of which 16 cost centers suffered due to unavailability of material, 7 
cost centers suffered due to delays in civil works. The mentioned 6 causes are responsible for 87.26% of the delays in the 
project. The on-time delivery of material at the site was not efficient due to this reason. The second most prominent reason 
is delays due to civil works. The project work was planned in such a way that most of the departments were dependent over 
the fulfilment of the civil works. The delay in this civil department lead to delay in other departments also. In addition to this 
the delays occurred due to unavailability of sub contactors, and they are in efficient performance. The modifications in the 
designs of the sub structures were also one of the major problems. 
 

4. CONCLUSION 
 
 
The study is based on the tools of earned value management. The tools i.e., Schedule variance (S.V), cost variance (C.V), 
schedule performance index (SPI) and cost performance index (SPI) are the main drivers of the case study. It concludes that 
the results of these parameters portray that the coal power plant project is suffering from both time and cost overruns.  
The major delay causes identified were unavailability of material, bottlenecks in civil departments, and issues due to 
vendor/Sub-contractor.  
The issues were mostly aroused due to the location of the project. The project location was 46 km away from the urban area 
causing both deficiency of material and manpower. Furthermore, the planned work content was mostly concentrated with the 
activities of civil department due to which other departments suffered. The delay in the civil works caused the delay in 
mechanical and electrical departments. Inefficient design of the sub-structure was also a big problem. The repetitive 
modifications in design suffered the project the most. 
The project could have been managed better through the consideration of certain dynamics i.e., by timely creating alarms 
regarding unavailability of material, active monitoring and maintaining efficiency of project activities, timely completion of 
predecessor activities, provision of design at the start of the respective activities, provision of error free designs, timely 
issuance of material, and integrating design with activities. 
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