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ABSTRACT – Work reported in this article explores some of the process undertaken in adapting EVM methodology to 
a project-based manufacturing organization. In achieving integration of EVM the organization has been transformed 
from one with minimal formal project management structure, to a business that is now being managed as a whole by 
its project focus. Changes were driven through the need to restructure the host organization so sufficient data streams 
became available for EVM analysis. The central challenge has been to make EVM function beneficially on a relatively 
small scale without imposing uneconomic burdens in data generation and management. Established EVM theories 
were applied – as described here – and shown to be adaptable to the small-scale manufacturing projects typical of the 
host organization. Results from schedule forecasting have shown consistency in the various methods applied, though 
some proved more accurate than others. Conclusions suggest EVM has the flexibility to be successfully used as an 
option for the tracking of pressure equipment manufacturing projects. In addition the structure to support EVM, and 
the data delivered by the method, displays capacity to benefit functional areas of the SME and deliver improvements 
in estimating and scheduling.

Introduction 
Systems that can provide project control and reporting are becoming 
an increasing expectation in the fabrication of pressure equipment for 
the Australian market. EVM is perhaps one of the more recognized tools 
that can address such cost & schedule reporting requirements. How-
ever its use in small scale fabrication work (which forms part of a manu-
facturing facility) is not an application that fits the typical EVM project 
environment for this region. Moreover EVM to date has not formally 
entered into the commercial requirements for such projects resulting 
in the method not having much representation at a sub-supplier level. 
However the need to develop methods that will be able to address 
this changing culture is recognized as an important step in meeting 
future requirements. This article discusses elements of  recent research 
being undertaken to introduce EVM into a project-based manufacturing 
organization. Through the development of EVM application there were 
numerous changes made to the organization, driven through the need 
to provide sufficient data streams for EVM analysis. In achieving this 
it was found the underlying approaches required to manage the wider 
organization were converging toward many of the theories relating to; 
project portfolio management, the project management office, matrix 
management and project management methodologies. These ancillary 
research threads, introduced through necessity to support EVM, have 
made a significant contribution to the ‘project management maturity’ 
(Besner & Hobbs, 2008, pS124) of the host business. As a result, key 
aspects of these broader topics are also included discussions where 
they represent significant development outcomes. 

Although EVM is specifically associated with project performance, the 
adaption of the method within this manufacturing (production) context 
required the development processes to consider wider organizational 
management functions. As a result system benefits included concepts 
from multiple projects through the need for them to be “viewed as an 
integrated portfolio rather than a disjointed collection” (Dooley, Lupton, & 
O’Sullivan, 2005). Matrix management was also drawn into early system 
considerations by identifying layers of project authority and recogniz-
ing the need to have integration between the complexities of managing 
multiple projects within an organization that also needed traditional func-
tional management to drive the operational processes (Kuprenas, 2003). 
A secondary contribution to the development process stemmed from 

having a static project team. The permanent employees of the organi-
zation and their shared project responsibilities also became important 
to development through identifying ways to consider the project and 
personnel interface. Developments in this field drew on management 
strategies discussed in (Maylor, Vidgen, & Carver, 2008), in particular 
their consideration of project context, clarification of a complicated 
project vs. a complex one and “stakeholder salience” (Maylor, et al., 
2008, pS23). Addressing these topics led to a realization that human 
factors were a significant component in adapting established project 
management methods into a workplace system. A paper by (Belout & 
Gauvreau, 2004) discussing human resource management and proj-
ect success was used to identify different approaches people have 
towards projects and the value placed on the tools they have to deliver 
their project. Drawing on the many inputs from the above literature an 
overarching objective of the research was apparent: EVM application 
(and its necessary sub-systems) needed to contribute positively to the 
project experience (Carù, Cova, & Pace, 2004) by improving the project 
management process with an objective of reducing the effort required 
to deliver projects on time while meeting increasing expectations of 
both the organization and its clients.   

Background
Research Context – The research behind this article is being under-
taken through an industry partnership between L&A Pressure Welding 
Pty Ltd (LAP), an Australian Small to Medium Enterprise (SME) and the 
University of Technology, Sydney (UTS). The objective for this research 
is to study EVM as a system and investigate its potential to add value 
to a relatively low technology process being; the manufacture (design & 
fabrication) of customized pressure equipment for the oil & gas industry 
through improved project management.

Delivering objectives to these different stakeholders required develop-
ment from a first principles approach, using established EVM methods 
and applying these through customized spreadsheets. The reasons 
behind this approach, as opposed to adopting a commercially avail-
able tool, was to provide opportunity to tailor all aspects of the inputs 
and outputs to ensure existing business processes and culture could 
be integrated with the application objective. It was also foreseen that 
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any outputs needed to be understood in every detail so EVM behavior 
may be better comprehended. In addition, the approach was seen as 
a means of being able to alter the application strategy and observe the 
effect on outputs.   

The above approach assisted in addressing a common theme pre-
sented by both stakeholders requiring the application of EVM to be 
customized, so as to fit the project environment and to also improve 
the business operations. While there is ample evidence for organiza-
tions to adopt many of the theories offered by project management 
literature; the reality is value can only be realized if there are sufficient 
resources in the organization to drive the initial integration and assure 
upkeep. Frequently however, SME’s such as LAP are human resource 
‘poor’ and with this comes constraints on the actual value these theo-
ries can deliver to SME’s. Acknowledgment of this limitation has been 
central to this EVM application process mainly through considerations 
that address the issues of; flexibility, control, fit and structure, all of 
which frequently appear in literature (Aubry & Hobbs, 2011 or Kim, 
Wells, & Duffey, 2003).

Organization Background - The organization from which project 
data is being examined (LAP) commenced as a small fabrication shop 
growing to a moderate sized, design and manufacturing operation over 
the last 30 years. Its fabrication heritage has until recently dominated 
through what could be described as a ‘product focused’ culture. The 
past decade introduced design services and with this project scale and 
complexity began to grow. As a result the ad hoc approach to project 
management, which has largely been driven by Gantt Charts and expe-
rience no longer fits changing industry expectations, project portfolio 
developments or future plans for the business. 
Project Portfolio

At LAP  25 to 35 projects typically run simultaneously throughout the 
year. Scope ranges from very small repair jobs through to significant 
equipment supply for plant upgrades. The diversity of projects and 
the presence of small jobs yields project budgets ranging from a few 
thousand dollars up to approximately $8 million (AUD). Equally, dura-
tions can be from an immediate maintenance call out to a 24 month 
project cycle. The focus for this research has been on projects with a 
budget of approximately $60K and up, translating to about 10 weeks 
and up in duration. While the smaller projects are not of direct interest 
to EVM application their presence in a portfolio impacts on the finite 
resources available for larger projects. These situations cause ripples 
in major project production and therefore have been taken into consid-
eration when establishing the research methodology and application 
approach.

Methodology
Development -  Initially application was targeted at using EVM as a 
tool for managing manufacturing projects of small to medium scale. 
Goals were aimed at measuring the methods performance in tracking 
and forecasting individual projects undertaken in the manufacturing 
setting. From this perspective it was assumed EVM would simply be 
plugged into randomly selected projects and the value EVM brought 
to the management process could be analyzed. During the first six 
months of investigation it became apparent the initial approach needed 
modification. Application problems were related to the business pro-
cesses not being sufficiently developed to support EVM’s data needs. 
This experience was reflected in a concluding statement by (Kim, et 
al., 2003, p382) noting “…that successful implementation of EVM, in 
terms of leading to better outcomes for projects is not simply a matter 
of introducing the methodology into an organization. It must be associ-
ated with overall organizational approaches… and facilitating support 
systems” Limitations in being able to apply EVM in isolation changed 
the overall goals for the investigation from ‘EVM performance analyses’ 
to a goal that also included ‘EVM’s implementation into the organiza-

tion’. While the original objective of; investigating EVM’s performance 
on small manufacturing projects remains a core output it was obvious 
the adopted methodology for the research needed to include a much 
broader scope to achieve the objective of understanding and applying 
EVM to this project environment.

Overall methodology has been established from the basic guide-lines 
provided by the Practice Standard for Earned Value Management (Proj-
ect Management Institute, 2005) and the Australian Standard, Project 
Performance Measurement using Earned Value AS4817 (Standards 
Australia, 2006) covering; budget, scheduling, time phase budget and 
distribution of value. Details of how each of these critical components 
is structured to achieve a balance between EVM requirements and its 
fit with the organization are noted in the following subsections.

Budgets - The Project Budget (PB) and Budget at Completion (BAC) 
definitions and structure were modeled using the guide-lines offered in 
AS4817. The Australian Standard was selected to maintain uniformity 
in the organization with respect to its ISO 9001 accreditation; it also 
offered a useful guide to project and business costs and their place-
ment within these two budgets. An outline of the current BAC and 
overall project budget is provided in Exhibit 1 – Budget Structure.

Through trials it was found necessary to provide a set of fields in the 
BAC that allowed customized input for material and services to suit 
each project. A series of services common to all projects was also 
recognized which lent themselves to a fixed description approach. The 
final group of fields identified was associated with human effort being; 
shop labor, engineering and quality management. Development of this 
three tier group of fields was an important step in adapting EVM, how-
ever  determining the content and the quantity of fields provided within 
each of these BAC groups required significant integration with estimat-
ing, projects and purchasing to determine the number of variable fields 
to be available as well as what fixed description fields were required.  
 
The three remaining fields of company, contingency and profit were 
simple enough to identify, Net Profit was taken directly from the esti-
mators ‘quote work sheets’ and did not pose difficulty in identifying 
a value, however determining overhead contribution and manage-
ment reserve was not as forthcoming. The overhead contribution field 
required agreement between the EVM cost model and the organiza-
tions regular accounts to ensure the fixed cost per hour, assigned to 
the projects estimated hours, contribute enough to the company’s 
operational costs.  ‘Contingency’ calculations are used to simplify the 
system’s user effort by displaying a value that balances the contract 
value after subtracting the; BAC, overhead contribution and net profit. 
Using contingency as a balancing cell enables rounding errors and any 
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Development 
 
Initially application was targeted at using EVM as a tool for managing manufacturing projects of small to 
medium scale. Goals were aimed at measuring the methods performance in tracking and forecasting individual 
projects undertaken in the manufacturing setting. From this perspective it was assumed EVM would simply be 
plugged into randomly selected projects and the value EVM brought to the management process could be 
analyzed. During the first six months of investigation it became apparent the initial approach needed 
modification. Application problems were related to the business processes not being sufficiently developed to 
support EVM’s data needs. This experience was reflected in a concluding statement by (Kim, et al., 2003, p382) 
noting “…that successful implementation of EVM, in terms of leading to better outcomes for projects is not 
simply a matter of introducing the methodology into an organization. It must be associated with overall 
organizational approaches… and facilitating support systems” Limitations in being able to apply EVM in 
isolation changed the overall goals for the investigation from ‘EVM performance analyses’ to a goal that also 
included ‘EVM’s implementation into the organization’. While the original objective of; investigating EVM’s 
performance on small manufacturing projects remains a core output it was obvious the adopted methodology for 
the research needed to include a much broader scope to achieve the objective of understanding and applying 
EVM to this project environment. 

Overall methodology has been established from the basic guide-lines provided by the Practice Standard for 
Earned Value Management (Project Management Institute, 2005) and the Australian Standard, Project 
Performance Measurement using Earned Value AS4817 (Standards Australia, 2006) covering; budget, 
scheduling, time phase budget and distribution of value. Details of how each of these critical components is 
structured to achieve a balance between EVM requirements and its fit with the organization are noted in the 
following subsections. 

Budgets 
 
The Project Budget (PB) and Budget at Completion (BAC) definitions and structure were modeled using the 
guide-lines offered in AS4817. The Australian Standard was selected to maintain uniformity in the organization 
with respect to its ISO 9001 accreditation; it also offered a useful guide to project and business costs and their 
placement within these two budgets. An outline of the current BAC and overall project budget is provided in 
Exhibit 1 – Budget Structure. 

Description of Budget Elements  
Planned Cost  

$/Unit Description Allocation 

Total of eleven rows are provided for  
 BAC Group 1 

– Variable 
Material & 
Services 

P
ro

je
ct

 A
llo

w
an

ce
s variable material and services groups  

 

Four rows provided for fixed services  
 BAC Group 2 

– Fixed 
Services & 

Consumables 
and consumable expenses 

 

Three rows for labor covering; Shop labor  BAC Group 3 
– Labor engineering & quality assurance effort  

 Budget at Completion (BAC) BAC/unit Project Cost 
Overhead contribution (OH) by project OH/unit Indirect Cost Company 

Management Reserve (MR) MR/unit Risk Margin Contingency 
Planned Net Profit (PNP) PNP/unit Benefit Profit 

Project Budget (PB) PB/unit Total Value Contract 
 

Exhibit 1 – Budget Structure 
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unsubstantiated discounting, which may have occurred during tender 
negotiations, to be absorbed by the budget tool.

It is interesting to note that in the development of the budget and test-
ing its flexibility for different project scenarios it was found that the sug-
gestion (Kim, et al., 2003, p380) to build flexibility “within a framework 
of general guideline” had proven to be beneficial. Once established, the 
flexibility offered by this approach made the actual application of this 
budget a simple process and has resulted in it becoming a standard 
practice for the organization. It is now applied even to projects that are 
considered too small for EVM. The reason for its broad uptake is in part 
due to its interaction with other functional managers outside the direct 
project management process and in particular the cost performance 
and feedback it delivers.     

Schedule - Project schedules (Gantt Charts) were an existing part 
of the organizations culture, typically required by clients for projects 
of a size relevant to this investigation. As part of the EVM adaption 
process preparation of preliminary scheduling was transferred to the 
project management office to initiate earlier planning than had occurred 
previously. The importance of retaining normal practices was seen as 
a way of ensuring there was minimal disruption to the flow of work and 
to also be sure of capturing normal schedule methodology due to the 
dependency between EVM outputs and the schedule baseline.

The main components of these projects are relatively simple and 
identifiable, therefore suited to the work break down structure (WBS) 
process. Deliverables can be considered to belong to one of six groups 
which can be viewed as work packages, these being: engineering, 
quality assurance (QA), procurement, fabrication, testing / treatment 
and packing / dispatch. Through experience it has been found the 
accuracy of the overall project duration, represented by the schedule, 
benefits from further break down of these work packages into their 
elements when preparing a schedule.

In contrast to the simplicity of the main components and the finished 
product, the manufacturing ‘build sequence’ can become complicated 
as quality and access limitations constrain the process as a result 
good product knowledge is required when preparing schedules.  The 
practice of further breaking down of the work packages when schedul-
ing has advantages in ensuring the project scope and build sequence 
is well planned in advance of manufacturing. The down side of this 
process though is it can create lengthy and complicated schedules, 
which tends to diminish its value as a communication tool for reporting 
progress to clients. More so it leads to difficulties in EVM application 
when assigning estimated labor costs to actual work package activities 
and scaling these to a suitable time phased budget.       

Time Phase Budget - The design of the present Time Phase Budget 
(TPB) was achieved over approximately a 12 month period through 
trial and error on varying projects. The main issue in developing its 
interface from an organizational perspective was achieving a balance 
in the number of fields, its interaction with the BAC and schedule (the 
expanded work packages). To date the best arrangement for these 
fields has been to structure it around three main cost inputs, being; 
Engineering / QA (the indirect labor contribution), Purchasing & Sub-
contracting (the materials and services), Manufacturing (the direct shop 
labor). Significant simplification in preparing the TPB came from adopt-
ing the inputs of both BAC Group’s 1 & 2 and applying them to the 
‘material and services’ TPB fields. Other cost inputs are independent 
of the budget and require an allocation strategy that is customized to 
each project. Exhibit 2 – Time Phase Budget Fields, outlines the input 
field structure for the TPB, further details of development are discussed 
the following field sub-headings.   

The Engineering & QA field offers five rows for input and has been 
setup as an independent and flexible cell group. The work descriptions 
applied are designed to represent key activities within the schedules 
engineering & QA deliverables, they can also carry across any admin-
istration allocations that may have been included in the budget. Flex-
ibility was applied to this group because its contribution to the overall 
project budget is typically small and it was found the physical delivery 
of these activities were frequently not clearly definable in terms of 
‘being finished’. This is due to projects generally being executed under 
a concurrent engineering strategy which saw critical engineering com-
pleted to schedule while supplementary detail (not affecting progress) 
lagged for some time after the planned completion. Although the work 
in this field is best described as discrete effort, its entire completion is 
not a pre-requisite to achieving progress. For the purposes of apply-
ing EVM, the effort put into Engineering & QA is typically assigned to 
tangible deliverables that directly affect progress and measured using 
a fixed formula of 0/100 (Project Management Institute, 2005, p11). An 
example of this would be ‘calculations and general arrangement details 
submitted’. The approach simplifies the allocation of earned value for 
the user and is believed to realistically depict progress in an area that 
has an ‘on and off’ impact on manufacturing. 

The Purchasing & Subcontracting field has been setup to display the 
activity descriptions entered into ‘Groups 1 & 2’ of the BAC. Unlike the 
engineering & QA, material and service descriptions are established 
through interaction with the estimators quote work sheet and BAC, 
rather than the schedule content. As this field delivers a large portion of 
the projects budget it was considered important to limit flexibility and 
user input while increasing control over alignment between the budget 
and the time phasing fields. To simplify user effort it has been found 
materials are best treated as discrete effort and assigned 100% of their 
value on delivery into the factory, this allocation method is in line with 
the prescribed method of (Project Management Institute, 2005, pp9-
11). Services are considered as sub-contracted activities of tangible 
product. The value of these is typically high in proportion to overall 
material budget and usually extends over several measurement peri-
ods. Through several trials and taking user effort into consideration it 
was found the best means of allocation was using a weighted milestone 
as suggested in the (Project Management Institute, 2005, pp9-11) and 
dividing the budget value equally over the planned duration periods.

The Manufacturing field represents the direct labor value provided in 
the budget. The main objectives of these field inputs is to provide a 
link between the single line shop labor value of the budget, with the 
decompressed schedule activities. A key consideration in achieving 
this has been to minimize product and EVM system knowledge for the 
user while still maintaining a robust measuring outcome that tracks the 
manufacturing process. 

Considering dependencies between the TPB and schedule, and also 
looking at the difference between the time values of work effort vs. 
actual scheduled durations a method of allocation was derived that 
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to each project. Exhibit 2 – Time Phase Budget Fields, outlines the input field structure for the TPB, further 
details of development are discussed the following field sub-headings.    

 

Combined activities from the WBS & BAC fields   
Distribution of Dollars / Time 
Week 1 Week 2… Week # 

Engineering & QA (using engineering & QA values from BAC Group 3) 

Five fields for independent input representing activities $ … Total $ 

Purchasing & Sub-Contracting (using values & field inputs from BAC Groups 1 & 2) 

Eleven fields from BAC - Variable materials & services $ $ Total $ 

Four fields from BAC – Fixed services & consumables … $ Total $ 

Manufacturing (using shop labor values from BAC Group 3) 
Nine fields for independent input representing build 

sequence activities   … $ Total $ 

 

Exhibit 2 – Time Phase Budget Fields 

The Engineering & QA field offers five rows for input and has been setup as an independent and flexible cell 
group. The work descriptions applied are designed to represent key activities within the schedules engineering 
& QA deliverables, they can also carry across any administration allocations that may have been included in the 
budget. Flexibility was applied to this group because its contribution to the overall project budget is typically 
small and it was found the physical delivery of these activities were frequently not clearly definable in terms of 
‘being finished’. This is due to projects generally being executed under a concurrent engineering strategy which 
saw critical engineering completed to schedule while supplementary detail (not affecting progress) lagged for 
some time after the planned completion. Although the work in this field is best described as discrete effort, its 
entire completion is not a pre-requisite to achieving progress. For the purposes of applying EVM, the effort put 
into Engineering & QA is typically assigned to tangible deliverables that directly affect progress and measured 
using a fixed formula of 0/100 (Project Management Institute, 2005, p11). An example of this would be 
‘calculations and general arrangement details submitted’. The approach simplifies the allocation of earned value 
for the user and is believed to realistically depict progress in an area that has an ‘on and off’ impact on 
manufacturing.  

The Purchasing & Subcontracting field has been setup to display the activity descriptions entered into 
‘Groups 1 & 2’ of the BAC. Unlike the engineering & QA, material and service descriptions are established 
through interaction with the estimators quote work sheet and BAC, rather than the schedule content. As this 
field delivers a large portion of the projects budget it was considered important to limit flexibility and user input 
while increasing control over alignment between the budget and the time phasing fields. To simplify user effort 
it has been found materials are best treated as discrete effort and assigned 100% of their value on delivery into 
the factory, this allocation method is in line with the prescribed method of (Project Management Institute, 2005, 
pp9-11). Services are considered as sub-contracted activities of tangible product. The value of these is typically 
high in proportion to overall material budget and usually extends over several measurement periods. Through 
several trials and taking user effort into consideration it was found the best means of allocation was using a 
weighted milestone as suggested in the (Project Management Institute, 2005, pp9-11) and dividing the budget 
value equally over the planned duration periods. 

The Manufacturing field represents the direct labor value provided in the budget. The main objectives of these 
field inputs is to provide a link between the single line shop labor value of the budget, with the decompressed 
schedule activities. A key consideration in achieving this has been to minimize product and EVM system 
knowledge for the user while still maintaining a robust measuring outcome that tracks the manufacturing 
process.  

Considering dependencies between the TPB and schedule, and also looking at the difference between the time 
values of work effort vs. actual scheduled durations a method of allocation was derived that to date is delivering 
a workable outcome. From the initial trials it was found the method of applying milestone activities to the nine 
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to date is delivering a workable outcome. From the initial trials it was 
found the method of applying milestone activities to the nine flexible 
‘Work Description Cells’ (WDC) functioned well and provides sufficient 
opportunity to distribute project scope into relatively even segments 
over the manufacturing cycle.

Allocation has been approached by grouping the many scheduled 
activities into one of the nine WDC. This typically resulted in three or 
more scheduled activities representing a single WDC listed in the TPB. 
Labor values from the budget can then be transferred through a pro 
rata method to the decompressed TPB – WDC fields. ‘Exhibit 3 – Labor 
Budget Allocation Example’ provides a tabulated example of how the 
method expands the WDC, assigns labor value based on scheduled 
work and then re-compresses it for easier use in EVM application. This 
approach secures representation of the schedule in terms of specific 
activities, their planned duration and maps this with a portion of the 
budgeted value for labor. The process has eliminated issues with earlier 
trails that required a reliance on user approximation it has also simpli-
fied the process of cost assignment to the TPB. Using this method it 
is possible to compress a very detailed schedule from an extensive list 
of activities into the TPB’s nine rows while maintaining a structure that 
has the necessary degree of logic to achieve system consistency.

Project Data Capture - Collecting accurate data on project progress 
has been an important part of the investigations that support the 
implementation processes discussed in this article. To feed EVM it is 
necessary to collect regular data relating to the three main cost fields 
identified by the TPB. The need to meet research standards in data 
collection required higher sample rates of ‘frequency and granular-
ity’ (Project Management Institute, 2005, p4) than might normally be 
needed to track projects of this nature, however the targeted data 
sources will be the same regardless. ‘Exhibit 4 – EVM Data Feeds & 
Measurement Frequency’ summarizes the activities that are currently 
being used to feed EVM and the sample rates applied. 

Sample Projects
Project Dimensions and Setup - Data collection, implementation and 
organization strategies discussed in this work have been built around 
the single host organization and observations from numerous projects 
undertaken since 2009. Actual EVM outputs discussed in this paper 
are taken from two similar projects and discuss the methods employed 
to build up the EVM data, the curves generated and their response to 
date relative to actual project outcomes.

The two projects are identified as A001 & A005; they were both 
medium size thin wall (16mm) carbon steel pressure vessels requiring 
an internal surface treatment in addition to the normal fabrication effort 
in vessel manufacturing. Exhibit 5 summarizes the dimensions of the 
two projects.   

Both projects have been setup using data captured as described in 
the above ‘Project Data Capture’ paragraph and entered into the EVM 
workbook as described under ‘Methodology’. In addition A001’s TPB 
was originally setup and updated in parallel with the projects manu-
facture using the initial trial method of approximating the labor value 
per TPB activity based on experience. It was found there was little 
difference in the EV outputs between this initial method & the allocation 
method outlined in Exhibit 3. In addition the curves themselves for; 
A001, A005 and several other projects, not discussed here, appeared 
to represent their respective projects ‘actual progress’ with acceptable 
accuracy for the application being sought by this investigation. 

Calculations - Data collection and TPB entry has been based on a 
weekly frequency in both cases, however the EVM workbook has been 
setup to compress the weekly data into fortnightly and monthly mea-
sures so further observations can be made about output results with 
respect to frequency. Established EVM calculations for performance 
analysis and forecasting have been prepared from those offered in the 
Practice Standard for Earned Value Management (Project Management 
Institute, 2005, pp15-22). Earned Schedule calculations were prepared 
from the method presented in (Lipke, Zwikael, Henderson, & Anbari, 
2009, pp401-402) while supplementary forecasting methods draw on 
analogies made between forecasting final costs and the time based 
schedule variances offered by (Henderson & Lipke, 2006, pp27-28). 
These concepts were coupled with estimate at completion equations 
offered by (Project Management Institute, 2005, p21). To date interest 
has been in the standard EVM curves; PV, EV & AC and the schedule 
variance (time) curve SVt. Schedule duration has been the focus of 
forecasting investigation, which coincided with initial research goals of 
having the ability to predict end dates with some degree of objectivity. 
(The EVM workbooks have been set up with cost forecasting equations 
as detailed in the above citations for future investigation, but are not 
discussed in this article). Abbreviations used in calculations and curve 
legends are summarized in Exhibit 6 below for reference:
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flexible ‘Work Description Cells’ (WDC) functioned well and provides sufficient opportunity to distribute 
project scope into relatively even segments over the manufacturing cycle. 

Allocation has been approached by grouping the many scheduled activities into one of the nine WDC. This 
typically resulted in three or more scheduled activities representing a single WDC listed in the TPB. Labor 
values from the budget can then be transferred through a pro rata method to the decompressed TPB – WDC 
fields. ‘Exhibit 3 – Labor Budget Allocation Example’ provides a tabulated example of how the method expands 
the WDC, assigns labor value based on scheduled work and then re-compresses it for easier use in EVM 
application. This approach secures representation of the schedule in terms of specific activities, their planned 
duration and maps this with a portion of the budgeted value for labor. The process has eliminated issues with 
earlier trails that required a reliance on user approximation it has also simplified the process of cost assignment 
to the TPB. Using this method it is possible to compress a very detailed schedule from an extensive list of 
activities into the TPB’s nine rows while maintaining a structure that has the necessary degree of logic to 
achieve system consistency. 

Schedule Information TPB Data 

WBS # Scheduled Work 
Activity 

Unit Duration 
(days) 

Work Description  
Cell (WDC) 

Assigned 
Value (AV) 

5.1.1 Nozzles – machine flange 5 27 5/TSD x LB 
5.1.2 Nozzles – cut pipe 2 27 2/TSD x LB 
5.1.3 Nozzles – tack & weld 4 27 4/TSD x LB 

     
 Legs – cut plates 2 31  
 Legs – drill base plate 2 31  
 Legs – fabricate & weld 8 31  
     

6.5.5 Packing – close vessel 2 35 2/TSD x LB 
6.5.6 Packing – load into crate 3 35 3/TSD x LB 

 Total Scheduled Days TSD Labor Budget LB ($) 
 

Compressed TPB Activities TPB Allocation Portion 

WDC TPB Activity Description Sum of Unit 
Duration for cell 

Duration for cell as 
% of TSD 

Value for 
Activity WDC 

27 Nozzle fabrication 5+2+4 11/TSD Sum AV for 27’s 
     

31 Leg fabrication 2+2+8 12/TSD Sum AV for 31’s 
     

35 Packing 2+3 5/TSD Sum AV for 35’s 
 

Exhibit 3 –Labor Budget Allocation Example 

Project Data Capture 
 
Collecting accurate data on project progress has been an important part of the investigations that support the 
implementation processes discussed in this article. To feed EVM it is necessary to collect regular data relating to 
the three main cost fields identified by the TPB. The need to meet research standards in data collection required 
higher sample rates of ‘frequency and granularity’ (Project Management Institute, 2005, p4) than might 
normally be needed to track projects of this nature, however the targeted data sources will be the same 
regardless. ‘Exhibit 4 – EVM Data Feeds & Measurement Frequency’ summarizes the activities that are 
currently being used to feed EVM and the sample rates applied.  

TPB Cost Field Activity Sample Rate 

Engineering & QA 
Calculation & drawings On first submission of deliverable to client 
Key quality documents On first submission of deliverable to client 

Purchasing & 
Subcontracting 

Raw materials On acceptance of goods into factory store 
Service provision Once a week 
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flexible ‘Work Description Cells’ (WDC) functioned well and provides sufficient opportunity to distribute 
project scope into relatively even segments over the manufacturing cycle. 
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Schedule Information TPB Data 
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6.5.6 Packing – load into crate 3 35 3/TSD x LB 

 Total Scheduled Days TSD Labor Budget LB ($) 
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 © 2011, David Fox, Mary Walmsley & David Eager Page 7 
 Originally published in full as a part of 2011 PMI Global Congress Proceedings – Dallas, North America 

TPB Cost Field Activity Sample Rate 

Manufacturing  
Applied shop labor Daily via time sheets 

Fabrication progress Daily to twice a week via photos & notes 
 

Exhibit 4 – EVM Data Feeds & Measurement Frequency 

Sample Projects  
 

Project Dimensions and Setup 
 
Data collection, implementation and organization strategies discussed in this work have been built around the 
single host organization and observations from numerous projects undertaken since 2009. Actual EVM outputs 
discussed in this paper are taken from two similar projects and discuss the methods employed to build up the 
EVM data, the curves generated and their response to date relative to actual project outcomes. 

The two projects are identified as A001 & A005; they were both medium size thin wall (16mm) carbon steel 
pressure vessels requiring an internal surface treatment in addition to the normal fabrication effort in vessel 
manufacturing. Exhibit 5 summarizes the dimensions of the two projects.    

Project ID BAC (AUD) Planned Hours Duration (weeks) 
Planned  Actual 

A001 ~$730,000 4800 31 35 
A005 ~$370,000 3300 30 30 

 

Exhibit 5 – Sample Projects Data Summary 

Both projects have been setup using data captured as described in the above ‘Project Data Capture’ paragraph 
and entered into the EVM workbook as described under ‘Methodology’. In addition A001’s TPB was originally 
setup and updated in parallel with the projects manufacture using the initial trial method of approximating the 
labor value per TPB activity based on experience. It was found there was little difference in the EV outputs 
between this initial method & the allocation method outlined in Exhibit 3. In addition the curves themselves for; 
A001, A005 and several other projects, not discussed here, appeared to represent their respective projects ‘actual 
progress’ with acceptable accuracy for the application being sought by this investigation.  

Calculations 
 
Data collection and TPB entry has been based on a weekly frequency in both cases, however the EVM 
workbook has been setup to compress the weekly data into fortnightly and monthly measures so further 
observations can be made about output results with respect to frequency. Established EVM calculations for 
performance analysis and forecasting have been prepared from those offered in the Practice Standard for Earned 
Value Management (Project Management Institute, 2005, pp15-22). Earned Schedule calculations were 
prepared from the method presented in (Lipke, Zwikael, Henderson, & Anbari, 2009, pp401-402) while 
supplementary forecasting methods draw on analogies made between forecasting final costs and the time based 
schedule variances offered by (Henderson & Lipke, 2006, pp27-28). These concepts were coupled with estimate 
at completion equations offered by (Project Management Institute, 2005, p21). To date interest has been in the 
standard EVM curves; PV, EV & AC and the schedule variance (time) curve SVt. Schedule duration has been 
the focus of forecasting investigation, which coincided with initial research goals of having the ability to predict 
end dates with some degree of objectivity. (The EVM workbooks have been set up with cost forecasting 
equations as detailed in the above citations for future investigation, but are not discussed in this article). 
Abbreviations used in calculations and curve legends are summarized in Exhibit 6 below for reference: 
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All forecasting outputs presented here are based on the method of 
ES and SVt this approach was chosen over the schedule variance, 
as described in the Practice Standard for Earned Value Management 
(Project Management Institute, 2005, pp17-18), due to ES gaining rec-
ognition as a more robust approach to measuring time variance. How-
ever for the purpose of research, the Practice Standard methods have 
been built into the EVM spread sheet for reference in later work but are 
not of concern to this discussion. Final forecasting durations have been 
displayed as a percentage of IEACPF over the project ADR resulting in 
graphs that converge to 100% as the forecast duration closes in on the 
final project duration. Equations presented in Exhibit 7 have been used 
in calculating the IEACPF values that are displayed over the ADR in the 
forecasting plots of Exhibits 8 & 9. 

Results
The following EVM / SVt and forecasting graphs show projects A001 & 
A005 using the weekly frequency cycle only. The SVt curve has been 
overlaid on the EVM plot using a second axis (RHS) as it was found 
useful to be able to visualize the difference between the PV & EV curves 
as a time measurement on the same plot. The forecast duration graphs 
illustrate the best option for the IEACt,IF curve which is influenced by 
the factors used in CPIf & SPIf that can weight results toward the cost 
or schedule performance data.

Discussion
The weekly frequency cycle has been found to be the most informative 
for internal communication of a projects progress; it also provided the 
best fit for the organization’s production planning functions which are 
carried out on a weekly basis. However the forecast outcomes of these 
projects can change dramatically in a few days if for example resources 
are utilized across shift work. As a result the weekly forecast measure 
can become quite noisy making it difficult to draw on any conclusions 
about trends in changing delivery dates, the net effect being this fre-
quency may not offer a useful result for the purpose of communicating 
the forecast dates. In contrast the fortnightly and monthly frequencies 
display a less erratic output, although the peak values are typically 
retained; therefore it is believed these frequencies would be more 
suited to reporting to clients on anticipated delivery dates. 

Weighting the Long Form IF equation toward SPIf for both of these 
projects improved the outcome of this curve, while other curves are not 
influenced by this option. At this stage the influence of these factors 
requires further work to explore relationships between project dura-
tion, schedule and cost forecasting over various project life cycles. An 
observation from A005 (and numerous other projects) indicates SVt 
frequently shows a dramatic change nearing the end of the project, 
i.e. the project appears to undergo a ‘remarkable’ recovery. From an 
EVM calculation viewpoint this translates to an increasing error in SVt 
as the project converges to its actual end date, while CPI, although 
outside this discussion, has shown extreme error at the beginning of 
a project and good forecasting from approximately 50% of the ADR 
to completion. The combination of these two front-end and back-end 
deviations may be contributing to the continual poor performance of 
IEACt,IP which uses the product of these two indices whereas the 
other methods are not as dependent on the combined values.

As noted in the previous paragraph, many of the projects display 
remarkable recoveries in their closing stages. At present it is believed 
these are indicating an industry propensity to increase effort as the 
project gets close to completion and a firm end date can be determined 
by ‘gut feel’ and driven by tangible constraints such as meeting plant 
shutdown deadlines or heavy transport arrangements. These observa-
tions are supported by the experiences of the principal author over 
the past 10 years of delivering projects to this industry, where typical 
behavior sees a project initially travel ‘late’, with respect to the sched-
ule, then recover within sight of the end to finish close to the initial 
planned duration time.

Through the adoption of EVM it is now possible to map these proj-
ects and visually observe performance against the schedule and the 
forecasts. This function is providing an insight into the organizations 
project performance which was not possible prior to EVM utilization, 
as a result issues like ‘repeated late recoveries’ are able to be viewed 
from a different perspective. In this instance it is considered there is 
perhaps an underlying issue present in the organization with respect 
to scheduling culture rather than just increasing effort at the tail end. 
Looked at in another way, there is perhaps too little time being allowed 
at the front end, precipitating the ‘late’ trend followed by too much 
time at the back end which EVM data is seeing as a recovery, when 
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Abbreviations & Terms Displayed in Curve Legends & Equations 

PV Planned Value AT Actual Time, in whole time periods 

EV Earned Value AD Actual Duration as calculated by EVM 
 methods 

AC Actual Cost ADR Actual Duration of the project rounded up 
 to the next whole time period    

ES Earned Schedule PDR Planned Duration for the project rounded 
 up to the next whole time period    

SVt Schedule Variance (time) IEACPF Independent Estimate at Completion 
 (time) with Performance Factor applied 

CPI Cost Performance Index SPIf Schedule Performance Index (time) 
 factored for IEACt calculations 

SPIt Schedule Performance Index (time), as 
 described by Earned Schedule theory 

CPIf Cost Performance Index factored for 
 IEAC calculations 

IEACt Independent Estimate at Completion 
 (time) using Earned Schedule theories  

 

Exhibit 6 – Abbreviations & Terms 

All forecasting outputs presented here are based on the method of ES and SVt this approach was chosen over the 
schedule variance, as described in the Practice Standard for Earned Value Management (Project Management 
Institute, 2005, pp17-18), due to ES gaining recognition as a more robust approach to measuring time variance. 
However for the purpose of research, the Practice Standard methods have been built into the EVM spread sheet 
for reference in later work but are not of concern to this discussion. Final forecasting durations have been 
displayed as a percentage of IEACPF over the project ADR resulting in graphs that converge to 100% as the 
forecast duration closes in on the final project duration. Equations presented in Exhibit 7 have been used in 
calculating the IEACPF values that are displayed over the ADR in the forecasting plots of Exhibits 8 & 9. 

Formulas Adopted for IEACPF Calculations 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼!"# = 𝑃𝑃𝑃𝑃! + 𝑆𝑆𝑆𝑆!×−1  – Simple Form  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼!,!,!,! = 𝐴𝐴𝐴𝐴 + !"!!!"
!"!!!"!!!"!
!"!!!"!!!"!

 – Long Form i,j,k 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼! =
!"!
!"#!

 – Short Form 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼!,!" = 𝐴𝐴𝐴𝐴 + !"!!!"
!"# ×!"#!

 – Long Form IP 

 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼!,!" = 𝐴𝐴𝐴𝐴 + !"!!!"
!"#!×!"# ! !"#!×!"#!

 – Long Form IF 

 

Exhibit 7 – Forecast Equations 

Results 
 
The following EVM / SVt and forecasting graphs show projects A001 & A005 using the weekly frequency cycle 
only. The SVt curve has been overlaid on the EVM plot using a second axis (RHS) as it was found useful to be 
able to visualize the difference between the PV & EV curves as a time measurement on the same plot. The 
forecast duration graphs illustrate the best option for the IEACt,IF curve which is influenced by the factors used 
in CPIf & SPIf that can weight results toward the cost or schedule performance data. 
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Exhibit 8 – Project A001 Results from Weekly Frequency 

 

Exhibit 9 – Project A005 Results from Weekly Frequency 

Discussion 
 
The weekly frequency cycle has been found to be the most informative for internal communication of a projects 
progress; it also provided the best fit for the organization’s production planning functions which are carried out 
on a weekly basis. However the forecast outcomes of these projects can change dramatically in a few days if for 
example resources are utilized across shift work. As a result the weekly forecast measure can become quite 
noisy making it difficult to draw on any conclusions about trends in changing delivery dates, the net effect being 
this frequency may not offer a useful result for the purpose of communicating the forecast dates. In contrast the 
fortnightly and monthly frequencies display a less erratic output, although the peak values are typically retained; 
therefore it is believed these frequencies would be more suited to reporting to clients on anticipated delivery 
dates.  

Weighting the Long Form IF equation toward SPIf for both of these projects improved the outcome of this 
curve, while other curves are not influenced by this option. At this stage the influence of these factors requires 
further work to explore relationships between project duration, schedule and cost forecasting over various 
project life cycles. An observation from A005 (and numerous other projects) indicates SVt frequently shows a 
dramatic change nearing the end of the project, i.e. the project appears to undergo a ‘remarkable’ recovery. 
From an EVM calculation viewpoint this translates to an increasing error in SVt as the project converges to its 
actual end date, while CPI, although outside this discussion, has shown extreme error at the beginning of a 
project and good forecasting from approximately 50% of the ADR to completion. The combination of these two 
front-end and back-end deviations may be contributing to the continual poor performance of IEACt,IP which uses 
the product of these two indices whereas the other methods are not as dependent on the combined values. 

As noted in the previous paragraph, many of the projects display remarkable recoveries in their closing stages. 
At present it is believed these are indicating an industry propensity to increase effort as the project gets close to 
completion and a firm end date can be determined by ‘gut feel’ and driven by tangible constraints such as 
meeting plant shutdown deadlines or heavy transport arrangements. These observations are supported by the 
experiences of the principal author over the past 10 years of delivering projects to this industry, where typical 
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in fact the consistent visual outputs of EVM has been able to illustrate 
what is potentially the normal project and manufacturing cycle. It is 
acknowledged more work is required on these aspects however it is 
conceivable EVM data could be used to develop a scheduling method 
that better represents project profiles for various product types as well 
as tracking projects as it is intended to do. 

Conclusion
The application of EVM to this manufacturing organization and its 
pressure equipment projects has produced many benefits. While initial 
goals were set on project specific activities, the dependencies of EVM 
on the wider organization functions were the catalysts for the main 
improvements seen to date. To achieve the necessary data streams 
with the accuracy needed for EVM to function reliably, considerable 
tightening of project management processes was required. In addi-
tion better interface management between estimating, project and 
accounts was necessary. To achieve these structural changes the 
theories of project portfolio management have played a major role 
through clarifying contract management and estimating roles and also 
framing the project engineering function.

Even without running EVM as a tracking tool on current projects, the 
tighter control, availability of data streams coupled with the central port-
folio methodology has reformed the production management function 
of the organization. The weekly review of production is now driven by 
the portfolio office where priorities are established based on all current 
work. The data streams capturing shop labor are also funneled into this 
project, resource matrix and published across the organization on a 
weekly basis. The data is also utilized in preparing a monthly shop load 
model. The transparency and continual project updates have helped 
in raising the profile of project performance and encouraging continual 
improvement in production control and management.

A prominent benefit from this process has been unifying the costing 
structure of the business in response to the transparency of project 
financial performance delivered by EVM. This has flowed into improve-
ments in tendering and risk management. Benefits are in the form of 
building up a detailed library of project history that has the potential 
to greatly improve tendering accuracy while reducing the effort and 
cost of the function. EVM formatted data, forming part of the budget 
tool created for the system, has provided access to labor profiles for 
projects and is now being coupled with the shop loading from produc-
tion to gain an overview of a projects peak labor period with respect to 
the project cycle time and the shop load. These tools are helping the 
organization to improve its initiation / integration phase by being able 
to check if a project can be offered at a delivery that suits the client and 
fits the organization’s existing work load. 

Although there was a level of expectation that EVM when applied to 
pressure equipment manufacturing would be focused on individual 
project benefits, it has been found under this application the benefits 
are much greater than expected because of its influence on the orga-
nizations structure. Due to the spread of the EVM system into these 
ancillary functions in this example it is evident there is much work to 
be done on understanding and valuing EVM as a management tool for 
SMEs that are project oriented as well as investigating the behavior of 
EVM in managing and tracking short duration manufacturing projects.   
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