
A DELIVERABLE-ORIENTED EVM SYSTEM
SUITED TO A LARGE-SCALE PROJECT

The Large Hadron Collider (LHC) is under
construction at CERN, the European
Laboratory for Particle Physics, near
Geneva, Switzerland. In 2003, a new
earned value management (EVM) system
was introduced to improve transparency
in LHC project reporting, to allow a clear-
er distinction between cost differences to
the baseline due to overruns versus
resulting delays, and to provide the proj-
ect management team with a more reac-
tive project management information
system for better decision-making. EVM
has become a de facto standard for the
follow-up of cost and schedule and sever-
al commercial packages are offered for
implementing an EVM system. But
because none of these packages fulfilled
CERN’s requirements, its executive man-
agement decided to proceed with an in-
house development. In this paper, an
overview of what CERN considers to be
good requirements for an EVM system
suited to large-scale projects is provided:
the deliverable-oriented, collaborative
and lean management dimensions are
enforced. In conclusion, we discuss some
of our positive and negative experiences
so those who would like to develop or
implement similar enterprise-wide proj-
ect control systems can be more aware of
common pitfalls.
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Introduction

One of the challenges of project management is that it aims at providing
management methodologies and insights for a wide diversity of endeavors,
ranging from small projects involving a few people part-time, over a short

time (days or a few weeks), to large-scale projects involving sometimes several
thousands of people, billions of dollars or euros, spanning over many years or
even decades. It becomes obvious that it is up to each project manager or project
management team to implement the right management methodologies suited to
the characteristics of their projects, targeting overall management efficiency and
effectiveness.

Among the specificities of large-scale projects, the following could be cited:
• The number of contributors to the project
• The number of activities to perform, and their relative complexity
• The number of intermediate deliverables to release all along the project execution
• The number of activities that are outsourced to external contractors through

result-oriented contracts, or carried out by project partners through result-
oriented partnership agreements

• The project duration that can span over a decade that makes long-lead activ-
ities quite inaccessible at the early stage of the project.

The challenge of managers and project management teams of large-scale proj-
ects, then, lies in their ability to handle huge amounts of information efficiently;
more specifically, to sufficiently understand all the activities to perform during the
overall project’s lifespan and to miss none of them, and furthermore, to get time-
ly and precise statuses of activities so effective coordination and decision-making
are possible.

Project management is not new and many large-scale projects have succeed-
ed, so one could think that all the means are available. Certainly, many textbooks
and articles relate or report on efficient project management methodologies fully
compatible with the challenges of large-scale projects. It is wise to continue inves-
tigating new approaches for addressing this endless quest for optimal efficiency.

Being efficient in project management could consist of describing all the activ-
ities to perform in very deep detail. This is possible and many large-scale projects
proceed this way. But setting up a project management system for handling such a
level of detail has also a cost that certainly affects the effectiveness of the project
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management. Being effective may consist of handling fewer
details and consequently more complex management items.
If there is less detail to handle, then the project management
team can be downsized with cost saving at the end. CERN
has experienced this with its ongoing large-scale project, the
Large Hadron Collider (LHC) that is being constructed near
Geneva, Switzerland (see Exhibit 1). But to work, this lean
project management approach requires quite an involve-
ment from all the project’s key contributors. This article
aims at presenting the project management system CERN
has developed for the LHC project, and to discuss outcomes
and improvements.

This paper is organized as follows. The rationale of a
deliverable-oriented earned value management (EVM) sys-
tem is given in the next section. The activity model is then
presented, and the fourth section exhibits how this activity

model copes with the requirements of an EVM system,
focusing on how technical, commercial, and economical
uncertainties are handled. Finally, the last section presents
an alternative EVM approach. The LHC project that serves as
a support for this new approach to large-scale projects is not
presented in detail. Presenting this project in this paper
would have been too long and detrimental for the under-
standing of the proposed approach. Readers who need more
insight on that specific implementation are invited to refer
to Bonnal and De Jonghe (2003).

Rationale for a Deliverable-Oriented Project Management
Approach
Efficient Project Planning
Before discussing the benefits of a deliverable-oriented proj-
ect management approach, let us say some words on the

Exhibit 1: The LHC project (machine)
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rationale for a systematic planning approach. It is common-
ly agreed that an efficient project management system can
only be supported by an efficient work breakdown structure
(WBS). To satisfy the requirements of all types of project
management systems, it is necessary that the project’s WBS
be consistent. This means that the WBS must be set up in
such a way that an exhaustive list of activities can be guar-
anteed. Furthermore, the WBS must be well balanced. This
means that all systems that make the final deliverable shall
be broken down to a similar level of definition.

Ideally, a methodology should be used to derive a con-
sistent WBS such that it becomes a repeatable process: dif-
ferent project management teams should arrive at a very
similar WBS. A systematic project planning approach, such
as the ones proposed by Bachy and Hameri (1997) or
Vallet (2003), is then recommended.

In the context of a large-scale project, the advantage of
proceeding this way is triple:

• Because of the rather long duration of large-scale proj-
ects, it happens frequently that the project team, includ-
ing the project management team, is partially renewed
over the project makespan. If a systematic way has been
used to plan and schedule the project, it is easier for new-
comers to take over plans and schedules, rather then
refurbishing the existing plans and schedules left by their
predecessors to have them arranged in a way that corre-
sponds to personal habits.

• Because of the size and the complexity of large-scale
projects, all the key contributors of the project need to
be involved in the planning and scheduling exercise. For
a project such as the LHC, key contributors represent
about 300 engineers and physicists. If a systematic
approach for planning is provided, then the sub-WBSs
that are to be prepared by each of the key contributors
may be more straightforwardly merged, and the result-
ing project’s WBS will be quickly coherent and consis-
tent with much less effort. If the project management
team is not able to provide a framework for sub-WBS
preparation, then some contributors will provide the
project with sub-WBSs too detailed while others will
provide insufficiently detailed sub-WBSs. This may jeop-
ardize the execution of the project: an important effort
of reporting is to be asked from some contributors,
while an insufficient level of reporting will be asked
from others.

• Finally, some projects are not performing as expected
because some activities were forgotten in its planning
phase, or considered twice by two different project con-
tributors. Professional project management practitioners
know that integrating unplanned and unscheduled activ-
ities always has consequences on the overall performance
of a project. The project management reserve aims at
dealing with these unexpected events (see ANSI/EIA-
#748-A-1998 Standard [2002] or PMI’s Practice Standard
for Earned Value Management [Project Management
Institute, 2004] for instance). WBS can mitigate this risk
efficiently using a systematic approach to build a project.

Involvement of all Project Key Contributors and the
“90% Syndrome”
A lean project management team supposes that part of the proj-
ect progress reporting duty is transferred to the direct contributors
to the project (large-scale projects may involve hundreds or even
thousands of contributors). It has always been difficult for proj-
ect planners, controllers, and surveyors to collect the actual status
of activities, delays, and cost expenditures. With the advent of
sophisticated project management information systems that use
the Internet extensively, this collecting task has definitively been
made easier. But involving all key contributors in a project report-
ing process that may include physical achievements remaining to
complete, and time and cost expenditures require a reporting
framework that is much more structured than what is usually
promoted in project management textbooks or by the suppliers
of project management information systems.

While collecting project expenditures is usually not too dif-
ficult, obtaining physical progress statuses of ongoing activities
is a duty that is much more challenging. All project manage-
ment practitioners have been confronted, at least once, with the
“90% Syndrome.” The manifestation of this syndrome occurs
when the project management team relies on physical progress
information provided by the activity holders without cross checks
of the achievements. As mentioned by Ford and Sterman
(2003), in the absence of a clear metrics for reporting physical
progress, activity holders have the tendency to provide figures
that are linearly proportional to the temporal progress of the
activity. Often when the 90% duration allocation is reached, the
“90% physical progress figure” is kept and the last 10% takes
much longer than expected. 

Process-Oriented vs. Deliverable-Oriented Project Management
In addressing this, Ford and Sterman (2003) proposed an
interesting framework that uses notions of system dynamics.
We have preferred a more pragmatic way that shares to some
extent with Andersen (1996) or Howard (1998), which argue
toward deliverable-oriented project management approach-
es. These authors make the case that traditional project man-
agement practices tend to focus too much on activities,
considering that if individual activities are doing well, then
the whole project is doing well. But any experienced project
manager knows that this principle is never true. It happens
that some activities consume resources without producing a
valuable deliverable for the project. In a deliverable-oriented
project management system, the deliverables are the manage-
ment items to keep in sight. They are the intermediate results
to gather all along the project execution; the gates to go
through for switching from a predecessor activity to a succes-
sor activity. They are the framework to guarantee the com-
pletion of the project on time, on budget, and at the expected
level of quality or performance. In such a project manage-
ment context, the activities are just the means to generate the
various deliverables.

Deliverable vs. Product. Some textbooks (e.g., Vallet, 2003)
or articles (e.g., Bachy & Hameri, 1997) promote the prod-
uct breakdown structure (PBS) as a prerequisite to the WBS.
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We would like to highlight that products and deliverables
are not necessarily equivalent concepts. A product is a con-
stituent of the project’s end-product and is time-independ-
ent, while a deliverable is time-dependent; it corresponds to
a set of statuses a product must go through before being
integrated in the end-product. There are also deliverables
that are not directly associated to constituents of the pro-
ject’s end-product, such as tooling, or general project man-
agement or engineering documents. Let us use an example
to illustrate this. Consider an undulator that is generally a
constituent of a particle accelerator; the undulator as such is
a product of the project PBS. The following are deliverables
of this product:

• “Undulator conceptual design file released”
• “Undulator detail design review held and passed” 
• “Contract for undulator manufacture and assembly

awarded and signed” 
• “Undulator delivered and provisionally accepted” 
• “Undulator installed; pre-commissioning done and

passed.” 

The reader can easily see the difference in the way products
and deliverables are labeled. Doing so is not sufficient to
ensure a real coherency in deliverable labeling. It is general-
ly up to the project management team or to the corporate
project management office (PMO), if it exists, to provide
conventions for a coherent deliverable labeling.

If deliverables are associated with all the activities of the
project and activity physical progress is gathered on the
achievement of these deliverables, appraised by non-
ambiguous statuses (such as yes/no, true/false or quanti-
ties), then the physical progress monitoring of the project
becomes much easier to perform and the project reports will
certainly be closer to the true reality.

In conclusion, if a project manager wants to increase the
effectiveness of the management processes, he or she must
switch from a process-oriented approach to a deliverable ori-
ented one. By doing so, the “90% Syndrome” is eliminated
and progress monitoring is more objective and requires less
audits. Project management information systems can be used
as a means for collecting statuses. The management lag need-
ed to consolidate individual reports is decreased because of
the quality of the information collected through an electron-
ic medium. To work, this project management system must
be based on a WBS that is coherently constructed. A new
project activity planning, scheduling, and monitoring model
is needed and described in the next sections.

A New Typology of Project Activities
In the traditional project management paradigm, the pro-
duction of deliverables is implicit. In the deliverable-orient-
ed project system (DOPS) presented in this paper, it is
clearly explicit. In addition to the classical characteristics of
an activity—it consumes time, it usually consumes
resources, it has a start date and a finish date, it is assigna-
ble—and a DOPS activity has zero, one or several deliver-
ables. Figure 1a presents a simplified entity-relation

diagram of activities as generally handled in traditional project
management systems; Figure 1b gives an equivalent diagram,
but for DOPS activities. Because DOPS activities are more
informative than the usual elementary activities, they are hence-
forth called work units. In the DOPS model, there are four types
of work units: standard work units, single-deliverable work
units, multi-deliverable work units and level-of-efforts work
units. Rationales, definitions, and real-world examples for each
of these four types of work units are given hereafter. But before
having an in-depth look at these work units, we will define
more precisely what a DOPS deliverable is.

DOPS Deliverables
The deliverable definition given in this subsection is partic-
ularly suited to large-scale projects of construction, techno-
logical, industrial, or scientific natures. A DOPS deliverable
is uniquely defined by a code that attaches it to a unique
work unit, by a label that is worded according to some con-
ventions for avoiding ambiguities, and by a metric that can
be one of two types:

• Boolean—Yes/no or true/false, meaning that the
deliverable status will be true as soon as it is achieved
and false otherwise

• Numeric—A quantity and its unit that is used for col-
lecting the physical progress of the deliverable. To
allow maximum flexibility, many units may be
offered. Table 1 gives some examples of units that can
be used for collecting progress in the framework of a
particle accelerator project.

Activity
Resource

Assignment

Figure 1a: Simplified entity-relation diagram of a traditional project
management system

Activity

Deliverables

Resource
Assignment

Figure 1b: Simplified entity-relation diagram of a deliverable-oriented
project management system
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It is obvious that at the project start date, all the deliverables
are either set to false or zero.

A DOPS deliverable is also defined by a date at which it
is expected to be delivered. The dates of the deliverables
result in an activity network calculation.

Finally a weight is used for balancing the effect of a
deliverable within a work unit, and a mode of accrual defines
if the deliverable value is accrued at achievement (step func-
tion), or linearly accrued from the previous deliverable to its
planned achievement date. The practical purposes of the
weight and mode of accrual are discussed and exemplified
in the next subsections.

Standard Work Unit (Std-WU)
The standard work unit (Std-WU) is the first type of work
unit. A Std-WU is very similar to an elementary activity of a
traditional project activity network that is represented by a
bar on a Gantt chart. Typically, a Std-WU has two deliver-
ables: the first one that corresponds to the work unit
planned start date; a second one that corresponds to the
work unit planned finish date.

The first deliverable has usually a true/false metrics. It is
labeled so it becomes true as soon as the work unit has start-
ed. “Basic design studies of the cooling plant started” or
“installation of feedboxes started” are typical labels for such
deliverables. It has also a zero weight. The fact of achieving
the deliverable does not accrue value for the corresponding
work unit, or for the project. This first deliverable has two
basic purposes: to allow precedence scheduling of the work
unit, since temporal information are only defined at deliver-
able level; and to get informed of the work unit actual start
date, when it has started.

The second deliverable is associated to the work unit
completion. To avoid manifestation of the “90% Syndrome,”
it is important to label it without ambiguity and to associate
a well-matched metric to it. Labels such as “basic design stud-

ies of the cooling plant completed” or “feedboxes installed”
may be misleading and should be avoided. Labels such as
“basic design studies of the cooling plant reviewed and
approved” or “feedboxes installed and quality control docu-
ments issued and approved” convey less ambiguity, and activ-
ity outcomes that are approved by project contributors
definitely have a higher value for the project. The metrics of
these second deliverables can be of true/false type: their status
become true as soon as the corresponding documents are
approved. It may also happen that an end deliverable corre-
sponds to the delivery of several components or documents;
in that case a linear accrual shall be preferred. If the work unit
consists of pulling cables, a metric that measures the length of
cables pulled is certainly more appropriate. Figure 2 shows a
Std-WU with a stepped planned value (PV) accrual while
Figure 3 represents a Std-WU with a linear PV accrual.

Single-Deliverable Unit (1De-WU)
Modern large-scale projects are characterized by the fact that
many activities are outsourced. When contractors are bound
by a result-oriented contract for performing a subset of the
project’s scope of work, they are committed toward delivery
dates. Expected start dates can be communicated for infor-
mation, but experience shows that it is very difficult to rely
on this information. As a consequence, it has often little
value to take these start dates into account in the project
management information system. Therefore, the correspon-
ding work units must rely on a single deliverable: the one at
which the delivery is expected; the PV accrual is stepped as
featured in Figure 4.

Here is an example to illustrate this for a set of out-
sourced and off-shored activities. Consider that to complete
a particle accelerator project four beam stoppers of a certain
type are required. After the design and specifications are
completed, a call for tender is published and a result-orient-
ed contract is then awarded at date D0. The contract negoti-

Unit    Description

%   Percentage

1/2 CELL  Half-Cell

BAR  Bar

BATCH  Batch

COIL  Coil

KG  Kilogram

KM  Kilometer

M  Meter

M2  Square Meter

Unit    Description

M3  Cubic Meter

MM  Millimeter

SECTOR  Sector

SET  Set

SHEET  Sheet

SPOOL  Spool

TON  Ton 

U   Unit

UL  Unit Length

Table 1: Examples of units that can be used for collection progress
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ated price is P. It is agreed with the supplier that a manufac-
turing file is expected at a date D1=D0+X, and 10% of the
contract price is to be paid after that delivery. A first batch of
two beam stoppers is expected at date D2=D1+Y, and a sec-
ond batch of another two at D3=D2+Z. A 45% payment is
associated with each of these two deliveries. These out-
sourced activities are taken into account in the project man-
agement information system as depicted in Figure 5. One
single-deliverable work unit (1De-WU) has been created for
each of the three delivery packages. A single deliverable
statement is associated with each work unit. The PV accrual
for this subproject is stepped: the project PV is accrued when
something is delivered.

Multi-Deliverable Unit (MDe-WU)
Large-scale projects will not be made solely of “simple work
units” associated to one or two deliverables. Typically, activ-
ities that are carried out at the earlier stages of the project’s
life cycle (engineering and design activities), or at the end of

the project makespan (integration and commissioning
activities), are of a more complex nature. The so-called “vee”
project life-cycle model proposes a visual framework for
appraising this (see Figure 6).

Typically, complex activities require several deliver-
ables in order to provide a fair physical progress reporting.
These activities are considered complex because they do
not fully respond to the definition of an elementary activ-
ity. For instance, design activities aim at producing a
design file that is made of several design documents and
drawings, each document or drawing issued for approval
or approved can be seen as the design work unit’s deliver-
able. Even if these documents and drawings should be pre-
pared in sequence, there are a lot of iterations and decision
points in a design process. The promoters of the design
structure matrix (e.g., Browning, 1999; Eppinger, 1997;
Steward, 1981) have performed in-depth investigations on
this issue, and provide explanations on encountered fail-
ures while using CPM or PDM project scheduling on
design activities. A further argument toward aggregating
design activities is that in the planning and scheduling
phase of a project, it is quite difficult to estimate accurate-
ly the resources needed for producing each of the design
documents and drawings because the quantity and type of
them is subject to evolution during the design activity, and
because some of them will be released straightforwardly
while others may require several iterations. Providing glob-
al workloads for design activities leads to more accurate
estimates. The same reasoning applies to commissioning
activities.

Multi-deliverable work-units aim at providing an
appropriate framework for planning activities of complex
nature. Figures 7 and 8 give examples of MDe-WUs. The
first example corresponds to an engineering work unit
with linear accruals; the second example features a com-
missioning work unit with stepped accruals. The lower
parts of both figures show how the PV is accrued over the
work unit makespans.

Project
Currency

time

bar as featured
on a Gantt chart

D1j

weight = 0
D2j

weight = 1

PV(t )j

BACj

Sj Fj

Figure 2: PV(t)j of a standard work unit j with a stepped PV accrual

Project
Currency

time

D1j

weight = 0
D2j

weight = 1

PV(t )j

BACj

Sj Fj

Figure 3: PV(t)j of a standard work unit j with a linear PV accrual

Project
Currency

time

possible
start dates

D1j

weight = 1

PV(t )j

BACj

Fj

Figure 4: PV(t)j of a single-deliverable work unit j
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Level-of-Effort Work Unit (LoE-WU)
As mentioned in the ANSI/EIA-#748-A-1998 Standard
(2002) or in the Practice Standard for Earned Value
Management (2004), there are some project activities that do
not produce tangible outcomes, so objective physical
progress metrics can be set up. Examples typically include
the project management duty. Planning the deliverables
associated with the work of a project manager is almost
impossible. To avoid creating artificial deliverables, profes-
sional practices admit that some project activities/work
units are of level-of-effort type: as Std-WUs, level-of-effort
work units (LoE-WU) have start and finish dates, and there-

fore two deliverables, one for each date. The first deliverable
features the start date of the LoE-WU and has a true/false
metrics; the second one has a finish date and has percentage
metrics. Physical progress for this second deliverable is then
simply proportional to the time elapsed. For instance, when
a LoE-WU has reached half of its allocated duration, the

time

DE#1.1: manufacturing file released & approved.
progress metric: Yes/No.

P × 10%

P × 45%

P × 45%

P × 55%

P × 10%

WU#1: Prepare & release manufacturing file for beam stoppers.

time

WU#2: Manufacture & deliver batch no.1 of beam stoppers.

time

DE#3.1: batch no.2 delivered & accepted.
progress metric: 2 units.

WU#3: Manufacture & deliver batch no.2 of beam stoppers.

time

DE#2.1: batch no.1 delivered & accepted.
progress metric: 2 units.

P

D0

D0

D0

D0

PV(t )WU#1

Project
Currency

Project
Currency

Project
Currency

Project
Currency

PV(t )WU#2

PV(t )WU#3

PV(t )WU#1 WU#2 WU#3

D1WU#1

D1WU#2

D1WU#3

D1WU#3D1WU#2D1WU#1

Figure 5: Summing up of planned value of single-deliverable work units

complexity

time

Project Start Date                          Project Finish Date

hgih
wol

conceptual level

design

in
te

gr
at

io
n

materializationmaterializationmaterialization

time

Project
Currency

PV(t )j

D1j

weight = 0
Dmj

weight = wm

Dnj

weight = wn

BACj

Sj Fj

time

Project
Currency

PV(t )j

BACj

D1j

weight = 0
Dmj

weight = wm

Dnj

weight = wn

Sj Fj

Figure 8: PV(t)j of a multi-deliverable work unit j with a stepped PV accrual

Figure 7: PV(t)j of a multi-deliverable work unit j with a linear PV accrual

Figure 6: “Vee” project life cycle
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physical progress on the second deliverable will be set at
50%. As clearly specified in the standards mentioned above, the
amount of LoE-WUs shall be kept to the lowest practical level.
For large-scale projects, this “practical level” can be set at about
1%—in amount or in budget—of the work units of a coherent
project portfolio of work units. To avoid distortion in the sched-
ule and cost variances, it is important to ensure that to the
planned and earned values for LoE-WU are regularly distrib-
uted (for the LHC project, this is done on a bi-monthly basis).

The use of LoE-WUs shall not be limited to the proj-
ect management activities. Contract follow-up activities
may fall in this category of work units.

Figure 9 gives an example of a LoE-WU. It is associat-
ed with the undulator acquisition work units used to
exemplify a LoE-WU.

Integration in an EVM System
The EVM methodology has become a de facto standard for
the following-up of cost and schedule. It is commonly
defined as a means for relating resource planning and
usage to schedules and to technical performance require-
ments (Abba, 1997). The strength of this project man-
agement methodology is that it brings together project
cost and schedule controls, providing project managers
with a more accurate assessment of the project status.
EVM was born in the 1960s under the auspices of the U.S.
Department of Defense. At that time it was known as the
cost/schedule control system criteria (C/SCSC). Readers
are invited to refer to Fleming and Koppelman (2000) or
to PMI’s Practice Standard for Earned Value Management
(2004) for further insights on the development of the
EVM methodology. Because EVM basics can be found in
many textbooks, this issue is not addressed in the present
paper.

Constructing the Planned Value Curve
The PV is a time-phased projection of the budgeted expen-
ditures that are expected to be done at a given moment
over the project makespan. Before the project starts, PV is
equal to zero. When it is completed, PV is equal to the
budget at completion (BAC) (i.e., the base-lined expendi-
tures). It is important to state that the BAC should be
lower than the total allocated budget. Many projects are
speculative endeavors and some reserve must be kept to
deal with unforeseen events. In the EVM jargon, this is
called the project management reserve (PMR). Figure 10
gives a hierarchy of the various EVM figures and how they

PV(t )WU#4

time

DE#4.2: deliverable DE#3.1 achieved.
progress metric:  propotional to the time elapsed.

x

WU#4: Follow up the supply of beam stoppers.

time

P + x

Project
Currency

Project
Currency

PV(t )WU#1 WU#2 WU#3 WU#4

D1WU#4 D1WU#1 D1WU#2 D1WU#3 = D2WU#4 

D1WU#4 D2WU#4

Figure 9: Beam stopper acquisition planned value curve

Unit    Description

TAB  Total Allocated Budget

PMR Project Management Reserve

PMB Performance Measurement Baseline

CAs Control Accounts (i.e. Systems)

UBs Undistributed Budgets

WUs Work Units: near-term activities

PUs Planned Units: far-term activities

TAB

PMR                            PMB

CAs UBs

WUs                             PUs

Figure 10: Hierarchy and aggregate of various EVM figures
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aggregate all together. This breakdown is rather compli-
cated, and to make it easier to understand for all project
contributors, it appears wise to us to combine work pack-
ages, planned packages, and undistributed budgets in a sin-
gle management item: the work unit as described in the
previous section. Planned packages and undistributed budg-
ets are just flagged work units (WUs) that are checked to be
sufficiently far in the future. It is up to the project manage-
ment information system to alert the holders of these work
units when they cross the near-term threshold to have them
either detailed or delayed (this is sometimes called “rolling
wave” planning and scheduling).

The project PV curve is obtained by aggregating all the
PV curves associated to all the WUs of the project. As pre-
sented in the previous section, the deliverable weights are
used for consolidating several deliverables at WU level, and
then resource budgets (resource BAC in the EVM jargon) are
used for balancing all WUs’ PV curves at project level. The
resulting PV curve is sometimes called the S-curve of the
project because of its shape. The PV curve is set up at the
early stage of the project. 

In the case of a long-lead project, it is mandatory to pro-
vide means to re-baseline from time to time to let project’s
stakeholders appraise the performance of the project not
only from the initial baseline, but also from intermediate
baselines. A project performance management system must
be objective and fair. Among the unforeseen events that may
affect the project, some, such as technical failure, are the
responsibility of the project team; … others, such as curren-
cy exchange rates, inflation, bid prices, and contractors’
bankruptcy are not fully under the project team control.
Consequently, the project team cannot be fully charged for
the occurrence of theses unexpected events. Typically, the
PMR aims at covering these risks. To avoid misunderstand-
ing, it is necessary to provide clear rules of the game for
transferring budgets from the PMR to the project PV. This is
discussed in the next section.

Calculating the Earned Value 
In a DOPS environment, collecting progress reports from
WU holders is quite straightforward. The calculation of the
earned value of the EVproject(t) is then:

where:
W is the set of all the work units that make the project;
Rj is the set of all the resources assigned to the jth work unit;
BACjk is the budget at completion of the kth resource
assigned to the jth work unit;
Dj is the set of all the deliverables of the jth work unit;

ωj l is the weight of the l th deliverable of the jth work unit;
AQDj l is the actual quantity of the l th deliverable from the jth
work unit delivered;
TQDj l is the total quantity of the l th deliverable from the jth
work unit to deliver.
t is the date at which project progress information has been
collected.
If the l th deliverable is of true/false type, the ratio
is equal to 0 if the deliverable has not been achieved at date,
t and 1 if it has.

It is important to note that the weight ωj l reflects the
importance of the entire l th deliverable line. As an example
let us take a design work unit with two deliverables:

The weights reflect the importance of each deliverable
line (i.e., in that example the second line earns three times
more value than the first). Let us assume that at date t the
design specification is released and approved while only
three drawings are released and approved; the physical
progress of the work unit is then:

and EV(t) = BAC x 62.5%.

An alternative interpretation for the weighing factor
may be considered. Let us take the following example:

In this case, we express that the “design specification” is
twice as important as a “detailed component drawing” (of
which there are six). Considering this, the physical progress
of the work unit can be calculated as follows:  

that is the same result. This yields an alternative formula for
EVproject(t):

AQDj l(t)
AQDj l

100% x 1 + 50% x 3
1 + 3

1 + 1.5
4

2.5
4

62.5%

Weight ω Description TQD
1 Design specification 1 document

released and approved
3 Detailed component 6 drawings

drawing released and approved

Weight ω Description TQD
2 Design specification 1 document

released and approved
1 Detailed component 6 drawings

drawing released and approved

= = =

1 document x 2 + 3 drawings x 1
1 document x 2 + 6 drawings x 1

2 + 3
2 + 6

62.5%5
8

= ==
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For the LHC, project engineers felt more comfortable
with the first interpretation of the weights.

Collecting Actual Costs
Projects’ actual costs can finally be consolidated in a single
monetary figure, expressed in the project currency that is
often the usual currency of the organization that mainly
supports the project. But from a cost collection point of
view, there are two types of actual costs: the costs associated
with expenditures, and the time spent by all the project con-
tributors that can be converted in monetary figures by
means of the appropriate rates.

Collecting at project level the actual costs associated to
expenditures is usually straightforward. If the project man-
agement information system is correctly interfaced to the
corporate accounting system—that should be the case in the
framework of a large-scale project—the actual costs can be
derived from the ledger. Standard practices such as the one
previously mentioned or professional practices such as the
ones proposed in textbooks (e.g., Fleming & Koppelman,
2000; Webb, 2003) suggest that actual costs are collected at
the control account level, probably for that very reason.
From a project management point of view, collecting actual
costs at work-unit level would offer optimal drill-down
analysis in case of interesting cost variances.

Some corporate management systems or enterprise
resource planning systems do embed a module for collect-
ing the time spent by the employees of the organization on
various activities. For large-scale projects, contributors may
be employees from many organizations, and for that very
reason, it may be useful to have a “time sheeting” system
dedicated to the projects. Several off-the-shelf project man-
agement packages that work in an Internet environment
embed such a module. The project contributors are then
asked to report the time they have spent on a weekly or an
every second-week basis.

Cost-Variance Bias
The cost variance (CV) may be biased due to the different
time of recording of the earned value (EV) versus the actual
costs into the system. For the LHC project, we take the actu-
al expenditures into account as soon as the agreement for
payment has been given by the project engineer, so we do
not wait for the actual payment to happen. In most cases,
the progress reporting in the project management system
has already been performed before that, and this results in a
slightly positive CV bias. This bias is equal to the burn rate
of the project times the average delay between the recording
of the EV and the AC. Because we do not know the AC for

each work unit, it is not obvious to determine this delay so
it can only be done for those work units that can be linked
directly to a well-defined expenditure (it gets more compli-
cated with partial payments). We found that only about
15% of the expenditures could unambiguously be linked to
single payments. In order to confirm the estimated delay,
we have tried to determine the optimal and such that

. In this simple heuristic model, is
equivalent to the real cost performance index and 
would be the delay with which AC follows EV. The result
of both attempts yielded a delay that varied over time
between 16 and 21 working days, with which the CV can
be “corrected.”

Dealing with Project Uncertainties
Uncertainties vs. Imprecision
Most projects are speculative endeavors, and an effective
project management system must arrange some room to
manage uncertainties. In addition, a large-scale project
spans over a long period of time. Long-term activities are
also subjected to the outcomes of short-term activities.
Hence, planning and scheduling with too many details for
long-term activities can be counterproductive. To cope with
this requirement, the ANSI/EIA-#748-A-1998 Standard
(2002) makes a distinction between work packages that are
scheduled on the short term, and planned packages that cor-
respond to long-term activities. 

The aim is not to deal with uncertainty, but with impre-
cision: long-term activities are known to be necessary for the
project, but because their outcomes are not sufficiently
known at the early stage of the project, it is ineffective to
spend time defining them in great detail. A planned package
is, then, a raw work unit that has resources assigned on con-
trol account code, but for which no specific progress metrics
has been looked at. Because this type of work units is sched-
uled over the long term, it does not affect EV reporting.
There are also project deliverables that are known to be nec-
essary to complete the project, so that they need resources,
but that cannot yet be assigned to a specific holder. Because
control accounts are often deeply interrelated with the
organization breakdown structure of the project, it may be
difficult to assign resources to a specific code. This is the pur-
pose of the undistributed budgets of the ANSI/EIA-#748-A-
1998 Standard (2002). Undistributed budgets can then be
featured in the project management information system as
raw work units, for which resources that do not map to spe-
cific budget codes are assigned.

Technical vs. Commercial vs. Economic Risks
Projects have to deal with uncertainty. In the framework of
a large-scale project, they can typically be of three types:
technical, commercial, or economical. These risks can be
defined as follows:

• The technical risks are all the problems that can be
encountered all along the project makespan related to
the final deliverable itself or to the intermediate deliv-
erables. Some insufficiently precise or coordinated
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specifications will undoubtedly lead to deliverables
that do not achieve expected levels of quality, and to
rework, with consequences on the project schedule
and cost. The PMR is aimed at covering these risks.

• Commercial risks are the risks associated with the
relationship the project team has with external con-
tractors. These risks occur as soon as a contract is
awarded: the contract price may be higher or lower
than the budget devoted for the corresponding
activities and deliverables. Then, during the execu-
tion of the contract, the contractor may go bank-
rupt, may not deliver on time or may even not
complete the contract for reasons that are external
to the project. The project teams may be partially
responsible for this risk, but not always, nor entire-
ly. So the project owner—and the various stake-
holders—may be solicited to contribute to cover
this risk.

• It is evident that a 2% inflation rate has an impor-
tant effect on a 10-year project. There are different
ways of proceeding for dealing with this issue in the
framework of a large-scale project (see Bonnal & De
Jonghe, 2005a), but whatever the approach, it is
usually not realistic to hold the project team
responsible for covering the economic risk. One rea-
son is that project management professionals are
not experts in economics, and they cannot predict
accurately inflation indices over several years or ten-
dencies on foreign exchange rates!

An EVM system suited to a large-scale project must deal
with this, to be effective. A simple way of doing so consists
of affirming that the PMR aims at covering technical risks,
and to increase, or decrease, the level of the PMR to absorb
the effect of commercial or economic risks, and to guaran-
tee that the estimate at completion (EAC) is below the total
allocated budget (TAB).

Certainly, an EVM system can be designed to satisfy
such requirements. But when a project is expected to last
over a decade, relying on initial estimates and an initial
baseline for performance monitoring is probably not
extremely efficient. It may be wise to “re-baseline” the
project regularly for many reasons, among which to be effi-
cient, work units holders must commit themselves on a
portfolio of work units that is made of activities on which
one can rely. Speculative projects with a schedule that is
not regularly reviewed cannot be efficiently managed:
project contributors quickly find out that the information
featured on initial project documents has become obso-
lete, and prefer to use their own informal network for rely-
ing on information that is not official but certainly more
reliable. By tolerating such habits, the project managers
may loose control over the project. To avoid this, it is judi-
cious to allow project contributors to refurbish their work
units so the bad effects of this are mitigated. However,
clear “rules of the game” must be defined for adding, delet-
ing, modifying, or breaking down work units.

Setting up and Refurbishing the Work Unit Portfolio
To stick to the arguments previously given, it is needed to
provide a framework for refurbishing the portfolio of work
units of a project, so it accurately describes the activities to
be performed.

Rule 1. At the early stage of the project, all key contrib-
utors must participate in the work unit definition exercise,
including assigning resources, identifying deliverables, and
scheduling them in an activity network. The effort is focused
on short-term work units. Long-term work units can be
defined more roughly. From this, PV curves can be drawn for
the entire project, by resource, by system, by control
accounts, and so forth.

Rule 2. A planned work unit can be altered unilater-
ally by its holder (i.e., modified or broken down), if it is
not ongoing, as far as this has no consequence on the
resource balance and if the proposed rescheduling has no
effect on the dates of deliverables belonging to work units
that belong to different holders.

Rule 3. A set of planned work units can be altered by
their holders, if all the holders agree on the consequences,
if the work units are not ongoing, if the refurbishing has
no consequence on the overall resource balance, and if the
proposed rescheduling has no effect on the dates of deliv-
erables belonging to work units for which the holders
have not been involved in the refurbishing process.

Rule 4. Addition, deletion or modification of
planned work units with consequences on the resource
balance (i.e., the project’s budget at completion, or on the
project’s master schedule) are subject to approbation
from the project management core team. This may hap-
pen when additional funding is needed in response to
technical, commercial, or economic risks for instance. In
such cases, a prior change approval by the project manag-
er is needed. The project is then rebaselined: new PV
curves are calculated. The EV statuses are unchanged
because the EV calculation is based on completed or on-
going work units.

Rule 5. Modifications of ongoing work units should
be exceptional. When they are really needed, they should
be of two types:

• Those without consequence on the EV calculation
that in term of change control fall in one of the pre-
viously mentioned categories

• Those with consequences on EV calculation, for
which change is subject to prior approval from the
project management.

The strength of an efficient EVM system embedded in a
project management information system is its ability to deal
with these rules without burdening either the project’s key
contributors or the project management core team. Work
unit holders shall have the possibility to freely refurbish
their data unless these changes affect the overall project. To
be efficient, the project management core team needs to be
involved in changes that have consequences on the project;
for the other changes, they just need to be informed.
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SV(T ) = 50k - 70k = -20k   i.e. behind schedule!
CV(T ) = 50k - 22k = 28k   apparently cost underrun.

SV(T ) = 50k - 70k = -20k   i.e. behind schedule!
CV*(T ) = 8k - 22k = 14k   in fact, cost overrun!
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EV(T )

AC(T )
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Exhibit 2: Elements for an alternative EVM framework

March_PMJ  2/14/06  12:47 PM  Page 78



79MA R C H 2006 PR O J E C T MA N A G E M E N T JO U R N A L

Conclusion and Improvement to the DOPS/EVM Model
CERN, the European Laboratory for Particle Physics, has car-
ried out a specific development for implementing a deliver-
able-oriented EVM system. CERN’s requirements toward
such a system were those previously discussed:

• An EVM system that is deliverable-oriented, to stay
away from project management pitfalls as the ones
mentioned by Howard (1998). This implies that the
EVM system is closely interfaced with the engineering
data management system of the project.

• An EVM system that works in a collaborative environ-
ment, with all key contributors (about 300 work unit
holders for the LHC project) involved in planning, sched-
uling and progress monitoring, and reporting activities. 

• An EVM system that handles efficiently the manage-
ment of technical risks, commercial risks, and eco-
nomic risks.

For efficiency reasons, CERN had an additional
requirement for its EVM system: to have it interfaced with
other organization-wide corporate management systems,
such as the accounting system for transferring actual costs,
the contract management system for matching deliverables
with contracts’ payment schedules, and the human
resource management system for resource sharing at cor-
porate level.

Like many other scientific projects, the LHC project
benefits from so-called in-kind contributions. CERN has
signed agreements with other research institutes worldwide
that will be incorporated in the project. But CERN will never
be invoiced for these supplies; their values will never transit
through its corporate accounting system, nor (for some of
them) its asset management system. As a consequence, since
actual costs cannot be recorded for these items, we assume
them to be equal to their EV: ACin-kind contributions = 
EVin-kind contributions.

Three years ago, CERN surveyed several commercial
packages, but none of them satisfied all these require-
ments. So an in-house development was decided. CERN
now has two-year experience using this system. It has been
adopted by all the LHC project contributors, submitting an
average of 2,500 progress reports per month. It has really
enhanced cost awareness at all levels of the project. Project
analysis tools are also giving full satisfaction to the LHC
project stakeholders. Finally, the LHC project office has
been substantially downsized. With this experience in
hands, two aspects would need to be further improved.
They were not implemented because they are not featured
in the ANSI/EIA-#748-A-1998 Standard (2002) that drove
this implementation. This EVM system would have been
more efficient if it had embedded a project/production
scheduling engine, and if a clear distinction were made
between planned values and planned cash flows.

Project/Production Scheduling Engine
A large-scale project is always a mixture of project activities
(one-of-a-kind activities) and of operational (repetitive)

activities. For instance, the LHC project will be made of
about 1,240 dipole cryo-magnets. Manufacturing a dipole
cryo-magnet can be seen as a project, but from a schedul-
ing point of view, manufacturing 1,240 units is definitive-
ly not a project scheduling problem, but a production
scheduling problem. For evident project control reasons, it
is necessary to embed the production control system in a
large-scale project scheduling engine. The line-of-balance
method allow some insights to do this, but the integration
of project scheduling functionalities with limited produc-
tion scheduling functionality is not yet sufficiently
explored to implement a project/production scheduling
engine in an EVM system (see Bonnal & De Jonghe, 2005b)
for a first attempt.

Planned Value vs. Planned Cash Flows
At the heart of the EVM methodology is the use of the EV
status as a central figure to obtain the Schedule and cost
variances respectively from the planned value and actual
cost figures. But because the value is not earned as the cost
is spent, there is a bias in the interpretation of the cost vari-
ance, unless cost and value accruals—different by nature—
are globally balanced. On large-scale projects, this is rarely
the case because many activities are outsourced and the
invoicing is done when the work is performed (i.e., when
the value is earned). A correlation formula such as the one
introduced here before ( ) can be an ad-
hoc solution. But to tackle the problem at the root, a pro-
posal could consist of enhancing the EVM methodology
with a clearer distinction between the Planned Value to
which the EV is compared to, and the planned cash flows to
which the actual costs are compared to. It will result from
this a slightly different project control model; Exhibit 2 gives
the wide lines of this alternative EVM framework.

Acknowledgment
The authors would like to express their sincere thanks to all
those who have contributed in the development and imple-
mentation of the LHC project earned value management
system.

References
Abba, W. F. (1997). Earned value management:

Reconciling government and commercial practices. Project
Manager, 26, 58–67. 

Andersen, E. S. (1996). Warning: Activity planning is
hazardous to your project’s health! International Journal of
Project Management, 14(2), 89–94.

Bachy, G., & Hameri, A.-P. (1997). What to be imple-
mented at the early stage of a large-scale project.
International Journal of Project Management, 15(4),
211–218.

Bonnal, P., & De Jonghe, J. (2003). The LHC project
earned value system. Oral presentation given at the Project
Science Workshop, Aspen, CO., Oct. 1–5, 2003. Also
available at www.projectscience.org

Bonnal, P., De Jonghe, J. & Martens, R. (2005a).

March_PMJ  2/14/06  12:47 PM  Page 79



80 MA R C H 2006 PR O J E C T MA N A G E M E N T JO U R N A L

Dealing with price escalation and inflation in an EVM system
suited to a large-scale project. Unpublished manuscript.

Bonnal, P., & De Jonghe, J. (2005b). Implementing
project and production scheduling features in a deliverable-ori-
ented EVM system. Unpublished manuscript.

Browning, T.R. (1999). The design structure matrix. In
Dorf, R.C. (Ed.), Technology Management Handbook. Boca
Raton, FL: Chapman & Hall (pp. 103-111).

Eppinger, S.D. (1997). A planning method for integra-
tion of large-scale engineering systems. Proceedings of the
International Conference on Engineering Design ICED—97,
Tampere.

Fleming, Q. W., & Koppelman, J. M. (2000). Earned
value project management, 2nd ed. (p. 212). Newtown Square,
PA: Project Management Institute.

Ford, D.N., & Sterman, J. D. (2003). Overcoming the
90% syndrome: Iteration management in concurrent devel-
opment projects. Concurrent Engineering, 11, 177–186.

Howard, P. A. (1998). Deliverable-oriented project
management. San Francisco, CA.

American National Standards Institute/Electronic
Industries Alliance. (2002) Earned value management sys-
tems (ANSI/EIA-#748-A-1998, reaffirmed August 28,
2002). Washington, DC: American National Standards
Institute.

Project Management Institute. (2004). Practice stan-
dard for earned value management (p. 36). Newtown Square,
PA: Project Management Institute.

Steward, D.V. (1981). The design structure system: A
method for managing the design of complex systems. IEEE
Transactions on Engineering Management, 28, 71–74.

Vallet, G. (2003). Techniques de planification de projets,
3rd ed. (p. 288). Paris: Dunod.

Webb, A. (2003). Using earned value: A project manag-
er’s guide (p. 152). Aldershot, Hampshire, UK: Gower
Publishing Company.

PIERRE BONNAL, PHD, received his degree in mechanical engineering at ÉNI Tarbes (France) and in industrial engineering
at ÉNSSPICAM Marseilles (France). Bonnal also holds a MSc in project management from the Université du Québec
(Canada) and a PhD in industrial engineering and management from INP Toulouse (France). His work experience includes
15 years in the field of project management with involvement in several offshore platforms, nuclear waste reprocessing
plants, and science projects. He is currently a project engineer with CERN Accelerators and Beams Department. He is a
member of the Project Management Institute and was the 2001–2003 chairman of the SMP, the Swiss Project Management
Association. Bonnal is also a lecturer with HEC Executive, the Business School of the University of Geneva (Switzerland).

JURGEN DE JONGHE holds a MSc in computer science and applied mathematics from the University of Leuven, Belgium.
At CERN, he has been in charge of all administrative workflow from 1992. Since 1999, he has been in charge of providing
project management tools for internal use. These tools have been used in a variety of projects ranging from the ATLAS
detector (the largest particle physics collaboration ever), the LHC accelerator, EGEE (the European grid project) and now
for planning all strategic activities at CERN.

JOHN FERGUSON has a BS and MS in physics from the University of Glasgow (UK). In his career at CERN he has managed
the operation of the laboratory’s scientific computer centre and been responsible for a Division whose activities included
Internet software development, corporate information systems, systems infrastructure support, electronic document
management, scientific information services, desktop publishing, printing, personal computing services and a variety of
general services. He was project leader of the CERN’s earned value management (EVM) project, which provided EVM project
management software for the Large Hadron Collider (LHC) project. He is currently Deputy Head of the Accelerators and
Beams Department of CERN.

March_PMJ  2/14/06  12:47 PM  Page 80



This material has been reproduced with the permission of the copyright owner.  
Unauthorized reproduction of this material is strictly prohibited.  For permission to 

reproduce this material, please contact PMI. 
 


