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Abstract: The Earned Value Management System (EVMS) is &uusenagement tool available for project
managers to monitor and control major multi-discigty projects. EVMS measures project performange b
comparing the amount of work planned against thewrnof work actually carried out and the actuatso
incurred. EVMS combines the work scope, schedult the cost elements of a project and facilitates th
integrated reporting of a project’s progress arddbst status. The earned value concept wasrirsidiuced by
industrial engineers working in American factor@s&r a century ago and this concept was used t@agestine
production cost of commercial industrial produckbe basic concepts of earned value were adopteitheby
United States Air force in the early 1960s andrlatedorsed by the United States Department of @efém all
major system acquisitions. Earned Value Manageilisemttechnique that can be applied to the manageofien
all infrastructure projects, in any industry, whilmploying any contracting approach.

This paper summarizes the basic concepts and #wmrythof EVMS, briefly explains how EVMS can be
implemented for a multi-disciplinary project, thieatlenges encountered during implementation anlleteefits
to a project as a project management tool.

1 Introduction

The management of multi-disciplinary infrastructprejects requires monitoring and control tools for
effective project control. The Earned Value ManagemSystem (EVMS) is one of the tools for
measuring project performance by comparing the atnofuwork planned against the amount of work
actually done and the actual cost incurred. EVM8grates the scope, cost (or resource) and schedule
to help the project team assess project perform@PRBOK Guide, 2002). The concept of earned
value management system was first introduced bysimiil engineers working in American factories
over a century ago (Fleming & Koppelman, 1999).sTéoncept was used to manage the production
cost of commercial industrial products. The basieaepts of earned value were originally adopted by
the United States Air force in the early 1960s bpd 967, the United States Department of Defence
formally endorsed the use of earned value manageimexl major system acquisitions (Fleming &
Koppelman, 1999). The basic concepts of earnedevalanagement have not changed since 1967
(Christensen, 1999). Earned Value Managementeslatque that can be applied to the management
of all capital projects, in any industry, while doying any contracting approach (Fleming &
Koppelman, 2002). The Earned Value Management Bybi@s been successfully implemented for
the project management and control of a major mhisitiplinary infrastructure development project in
Hong Kong (Dissanayake, 2007).

To understand the concept of EVMS, it is importantompare EVMS with the traditional method of
project cost management. In the traditional apgrdhere are two data sources, the budget (planned)
expenditures and the actual expenditures. The cosgpabetween the budget versus the actual only
indicates what was planned to be spent and thalaatoount spent at a given time. But this does not
give any idea about how much work has been donerefare, in the traditional approach there is no
measure of the physical amount of work performedogs not indicate anything about what has been
achieved for the money spent. In EVMS, unlike ie tnaditional approach, there are three data
sources, the budget (planned), actual expenditudettze “earned value” which is the physical work
done at a given time. Therefore, in EVMS the plahnalue of the work could be compared with the
earned value and actual cost. The three basiciti@fie used in EVMS are as follows:

Budgeted Cost of Work Scheduled (BCWS) = Plannddé&/a

Budgeted Cost of Work Performed (BCWP) = Earnedu¥al

Actual Cost of Work Performed (ACWP) = Actual Cost
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During the planning stage of a project, a time pddsudget is developed based on the estimated cost
of various elements of the project and the worksgamme. This time phased budget serves as a
performance measurement baseline against whicprtject progress is monitored. At a given point
in time on the date of analysis, the value of tleefgymance measurement baseline becomes the
BCWS. The BCWS is compared with the BCWP and AC\WPexpressed in terms of monetary
values. The following variances are used to megsuject performance.

Cost Variance (CV) = BCWP — ACWP

CV is an indicator of expenditure measured agdhestompletion of the corresponding work scopes.
If CV = 0, the performance is on target, if CV it indicates a favourable performance and if €V
1.0, it indicates a cost overrun.

Schedule Variance (SV) = BCWP — BCWS

SV is an indicator of the schedule status as coeaptr the plan in terms of a monetary value. If=SV

0, then the project is progressing as plannedyif>9), it indicates the project is ahead of schedul
and if SV < 0, it indicates the project is behitiedule.

Fig. 1 illustrates the graphical representatiothefabove earned value parameters.
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Fig. 1 -Graphical Representation of Earned Value Parameters

The following indices are used to measure projediopmance.

Cost Performance Index (CPI) BCWP

ACWP
If CPI = 1.0, then the performance is on targetl, €R.0, then the performance is exceptional and if
CPI<1.0, then the performance is substandard.

BCWP
Schedule Performance Index (SP—=——
( BCWS

If SPI = 1.0, then the performance is on targei>$P, then the performance is exceptional and if
SPI<1.0, then the performance is substandard. Waendices CPI and SPI may give results that may
seem contradictory if CPI >1 and SPI < 1. In tliisagion, the project is within budget which is goo
but it is behind schedule. This indicates that nyowas saved because not enough work was done.
Therefore, the Cost-Schedule Index (CSl) is intoedu(Barr, 1996).

Cost Schedule Index (CSI) = CPI x SP+= BCWF
ACWP x BCWSE

It is said that if the CSI value in general is geear around 1.0, a project is not having anyosesi
problems (Barr, 1996).
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2 Implementation of EVMS

In order to implement EVMS for an infrastructureject, it is important that the following steps are
followed.

2.1 Detailed Work Breakdown Structure (WBS)

The development of the WBS is considered as theecstone of effective project planning,
execution, controlling and reporting (US DOE, 200)erefore, it is important that a detailed WBS
is developed for the whole project that will inckudll the major elements and their sub-elements wit
further detailed breakdown of the sub-elementsegsired. Any major infrastructure project would
essentially be a multi-disciplinary project and ¢tera large nhumber of consultants and contractors
would be involved in the project at various stagdserefore, it is important that all these partids
would be participating in the project be includedhie WBS. The WBS should include all work that
is carried out under the project that will incurcast to the project. Therefore, all consultants and
contactors having separate contractual arrangemséthtshe client need to be included in the WBS.

2.2 Integrated Programme (Schedule)

Developing an Integrated Programme (IP) is an ¢isdestep in the implementation of EVMS. It
should include all the elements, sub-elementsiettuded in the WBS. A comprehensive IP should
be developed by the project manager. It is alsaiplesto get the help of the individual consultants
and contractors to prepare the programmes for tveir portion of works (project programmes) that
will form the IP.

2.3 Formal guideline for the preparation of Proje@trogrammes (PP)

Any major multi-disciplinary infrastructure projewtll include a large number of consultancies and
works contracts and the development of IP will lmbective exercise. It is therefore essentiat tha
formal guideline is prepared for the developmenPBf (that will form the IP). This will ensure that
once PPs are prepared, they could be integratedrtothe IP. The guideline should cover the adfivit
identification numbering scheme, activity codingusture (in-line with WBS), activity identification
codes, calendar codes and resource identificatiims. formal guideline will form the backbone of
the EVMS and hence should be prepared with great G&e formal guideline should include a copy
of the WBS, guidelines for the preparation of indual PPs, the incorporation of project cost
information, the procedure for the integration #fsPand the updating of project progress and cost
data.

2.4 Activities for Earned Value (EV) Measurement

It is important to note that it is not practicaluse all activities in the IP to monitor EV at thed of
each reporting period. Therefore, the project manageds to select a reasonable number of activitie
that will be assigned with cost data and will bedu® measure the EV parameters. The Earned Value
Elements are to be selected in such a way that Wieprogress and cost status are reported against
these Earned Value Elements, it should reflectowerall progress and cost status of each contract
package.

2.5 EV Measuring Techniques

It is important that EV measuring techniques ataldished for each type of activity before carrying
out project monitoring work. The determination cireed value depends on the type of effort,
whether it is discrete, apportioned or on the |@fadffort.

2.5.1 Discrete effort

There are three basic earned value methodolog@galple to the discrete effort. They are based on
valued milestones, standard hours and managemeessasent. A typical example would be a
contract with a milestone payment arrangement whgne-determined monitory value will be earned
once a particular milestone is achieved.
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2.5.2 Apportioned effort

Apportioned effort is work for which planning andopgress is tied to other efforts. The budget for
apportioned account will be time-phased in relatidth the resource plans for the base account. A
typical example would be in a software design projghere the task manager would apportion
computer costs to the design and coding effort.

2.5.3 Level of Effort

Level of effort is work scope of a general or suppe nature for which performance cannot be
measured or impracticable to measure. Resourcdareatgnts are represented by a time-phased
budget schedule in accordance with the time theauwill likely be needed. A typical example
would be the head office staff work-hours spenadministration work for a particular project.

3 Application of EVMS

EVMS was used as a management tool for the praojextitoring and control of a major multi-
disciplinary infrastructure development project Hong, the Hong Kong Science Park Phase 2
Development. The author, a former employee of MallrSECOM (a Project Manager of Hong
Kong Science Park Phase 2 Development) was redperier the implementation of the EVMS for
the above project. Hong Kong Science Park Phasas2he second phase of a 3 phased development
project funded by the government of Hong Kong &tbtal cost of more than US$ 1.5 billion. Upon
completion of the Science Park, a total Gross Fhraa of 330,000 m2 will be provided for office
and laboratory facilities for applied research degtelopment of the four strategic industries, ngmel
Information Technology and Telecommunications, &tedcs, Precision Engineering and
Biotechnology.

A formal guideline, the Protocol for Integrationfogrammes, was developed to include the detailed
WBS covering all consultancies and works contrabis,essential steps in the preparation of PPs, the
setting-up of the IP and the subsequent updatiadRhwith progress and cost information. A formal
mechanism was set-up and implemented in the prepauaf initial PPs and the subsequent updating
of progress and cost data at the end of each nignthe respective consultant / contractor under the
close supervision of the Project Manager and thedeat Site Staff.

Primavera Project Planner (P3) was used in theapagéipn of all PPs, as it had the capability of
integrating PPs to form an IP and also its abtlitthandle time and cost data. The necessary clauses
were written into the respective agreements of wibascies and works contracts to comply with the
Protocol for Integration of Programmes in prepatimgr programmes.

The WBS developed for Hong Kong Science Park PRasSevelopment included 3 no. consultancy
agreements, 2 no. foundation works contracts, 4nmain works contacts, 6 no. specialist works
contracts and 5 no. nominated supply contracts.

Since EVMS was used to report the progress andstasts of the project to the client (Hong Kong
Science and Technology Parks Corporation), it wasortant that ACWP should reflect the cost to
the client rather than the cost incurred by thesatiants or the contractors. Therefore, ACWP was
defined as the total cost of payments that have lseetified at any given time. In the case of the
works contracts, it is the total amount of worktttiee Quantity Surveyor has certified at any given
time. In the case of the consultancies, it wastdt@ amount certified by the Project Manager. For
other payments that were directly handled by tientlthe ACWP was defined as the total amount
issued for payment by the client.

To facilitate the measurement of BCWP, it was ne&Bsto develop a systematic method of breaking
down the total cost and to assign the cost to geeific activities within each PP. In the case of
consultancies, the schedule of fees was the basidistributing the consultant’'s fees among the
activities. In the case of works contracts, thetamtors were required to propose the breakdown of
the cost of works based on the bill of quantitied # assign cost figures to a reasonable number of
activities within each PP. The requirement walsaee a manageable number of activities to measure
and report the earned value at the end of eachimont
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4 Results

Fig. 2 shows earned value data (BCWS, BCWP and ACHdP the commencement of the project

(June 2001) up to June 2007 when most of the itk were substantially completed. As illustrated

in Fig. 2, the original baseline for the BCWS wagd from the commencement of the project up to
April 2003 which included the BCWS of the Clientdathe Project Manager. In May 2003, the

original baseline was revised (1st revision) toetakccount of the award of the consultancy
agreements which changed the baseline of the BCWS.

3,000,000

—— BCWS - Budgeted Cost of Work Scheduled (Plannedi&jal

2,500,000+ —0— BCWP - Budgeted Cost of Work Performed (Earned ¥glu /

== ACWP - Actual Cost of Work Performed (Actual Cost)

2,000,000

1,500,000

Cost ($'000)

1,000,000

500,000

Jul-01 Jan-02 Jul-02 Jan-03 Jul-03 Jan-04 Jul-04 Jan-05 -05Jul Jan-06 Jul-06 Jan-07

Month

Fig. 2 —Earned Value Graph (Up to June 2007)

Fig. 3 shows the Cost Variance (CV) and the Scleedakiance (SV) from the commencement of the
project up to June 2007. The value of CV is pesiind it indicates that less money has been spent.
This is mainly due to the payment arrangement wherepleted work is considered paid only after
the Quantity Surveyor has certified the work ansdeethere is a lag of one month. The SV is
negative and it indicates that the works are bebuitedule. This is mainly due to the slow progress
of works under several main works contracts andigpst contracts. Since September 2006 onwards,
the negative SV has sharply reduced with the imgilgwogress status of the works contracts.
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Fig. 3 —Cost Variance (CV) and Schedule Variance (SV)

Fig. 4 shows the Cost Performance Index (CPI) &edSchedule Performance Index (SPI) from the
commencement of the project up to June 2007.dbied that the CPI has stabilized around 1.2. This
is largely due to the works already carried buttgdie certified. A value of CPI > 1 is consideesda
favourable situation. The SPI is around 0.96 ineJR007 and had been in the range between 1.0 and
0.8 during the preceding four years. A value of 8Rl indicates that the project is behind schedule.
The SPI has been gradually slipping since June Ril@wing the commencement of the major main
works contracts. The SPI has been increasing steggember 2006 with the improvement in the
progress of works contracts.
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Fig. 5 shows the Cost-Schedule Index (CSI) fromatimmencement of the project up to June 2007.
The value of CSI has been above or around 1.0 tivi#hexception from March 2002 to June 2003.
During this period the approval of the Master LayBlan for the Science Park was deferred by the
government of Hong Kong and hence the postponenfettie award of the design consultancies. If
the CSI value is greater or around 1.0, it indisdbat the project is not having any serious proble
(Barr, 1996).
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Fig. 5 —Cost Schedule Index (CSI)

Fig. 6 shows a plot of the Cost Performance IndeRl) versus the Schedule Performance Index
(SPI). Most of the points are located in the quativehere the project is behind schedule and under
spent. However, a few points are within the leastirdble quadrant where the project is behind
schedule and overspent. This situation prevailéat po the award of the design consultancies in the
first half of 2003.
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5 Conclusion

SV and the SPI shown in Fig. 3 and Fig. 4 indidht the overall project progress was slightly
behind schedule. But based on the value of CSI shiowig. 5, it could be concluded that the project
was not having any serious problems with regardréject progress and cost status as the value of
CSl is above or around 1.0. The earned value seg@dint out that the management should focus
mainly on the SV and the SPI.

Since EVMS was relatively new to Hong Kong, consathte effort by the Project Manager was
required to educate the consultants, the residentstaff and the contractors on the application of
EVMS and the requirements outlined in the Protdoplintegration of Programmes in preparing the
PPs. The main difficulty encountered during the lanpentation of EVMS was the slow progress
achieved by the contractors in getting their PRsrapmd early on to ensure a smooth and timely
integration into the IP. Until such time, the coltesnt’s construction programme was used to generate
the earned value parameters for these works casitdadevas noted that this arrangement contributed
some degree of error to the earned value paramateise early stage of the project. It was also
observed that some activities in the works prograsespecially within the specialist contracts had
large floats where the early finish and late finddites were far apart. This too contributed to the
negative SV as the earned value data have beenagethdased on the early finish dates rather than
the late finish dates. Therefore, it is importanehsure that contractor’s works programmes are not
overly optimistic. However, it was possible to cx@mne the above challenges and successfully
implement the EVMS as a project management tool Hong Kong Science Park Phase 2
Development. It can be concluded that EVMS couldubed as a project management tool for any
multi-disciplinary infrastructure project as anieifnt management tool for project monitoring and
control.
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