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Foreword

A

t the recent Mastering Complex Projects conference, a simple but powerful lesson was delivered to
me. A senior manager talked in an aside about the old adversarial contracts where, in an attempt to
make a profit, client and contractor lobbed commercial grenades at each other, subcontractors were preyed
upon mercilessly and the claims team was of equal size to the project team. At the end of the day nobody
won, but the toxic experience caused him to seriously question whether he wanted to be an engineer in
this business.
The old style contracts are a serious challenge to professional behaviour and contrast with the many
presentations on successful Alliances at our conference, where engineers were able to find best for project
solutions and make a valued professional contribution. The common theme is collaboration applied to
tasks and well defined objectives: not as an accidental occurrence but as part of a deliberate leadership
strategy and developed culture.
One presentation observed that Australia has led the world in developing new contract forms such as
Alliances. However we are told that some government bodies are at risk of discarding this successful model
in an attempt to find still greater “value for money”, and so the experiments in different contract forms are
continuing, potentially at a cost to taxpayers and our reputation as engineering managers.
As professionals we all have a stake in encouraging these collaborative relationships and participating
in the ongoing conversation to identify the most productive commercial relationships, and then find
convincing ways to demonstrate value for money.
The issues raised in this paper point to the way ahead for continuous learning about how to manage
complex projects successfully and the application of the lessons already available to us.
In order to drive positive change in local and international engineering projects, Engineers Australia
has an opportunity and responsibility to engage with the construction industry, academia, government
and clients to mediate these issues and argue convincingly for solutions in these conversations about how
complex projects are structured and resourced. Through facilitated discussion at the conference, we have
identified the following actions to achieve this aim:
• As a priority, first seek to influence government, clients and project sponsors who are the most
influential in setting complex projects on a path to success.
o Form a panel of senior executives to guide the engagement
o Develop a succinct ‘Guide Book for Complex Project Clients & Initiators’
• Seek to influence training and professional development in project leadership, risk and control systems.
o	Provide a bridge between academic output and construction industry by using professional
development to disseminate relevant and practical research
o	Work with government and companies to provide job opportunities, and mentoring for new
graduates
o	Collaborate with other professional organisations to develop and support research and professional
development of engineers.
• Develop industry strategies to increase the available knowledge & wisdom
• Identify the special risks, and cultural issues associated with managing overseas projects
This white paper is the result of the work of many professionals who have generously contributed their
time, hard won experience and knowledge: my thanks to each of them.
Nolan L Bear, BEng, MBA, FIEAust, CPEng(Ret)
Chair, Mastering Complex Projects Conference – Convention 2014
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Executive Summary

A

s project costs rise and public interest
increases, a great deal of attention is being
focused on the ability of complex projects to
deliver on time and to budget, and to meet the
many differing expectations of clients, local
interest groups and the broader community.
Complex projects with budgets greater than
$500 million have a much higher failure rate
than their more straightforward counterparts.
In some sectors, up to 75% of complex projects
fail: that is, they exceed their original budgeted
cost or schedule by 25%. This represents a
vastly inadequate return on billions of dollars
of investment for both private enterprise and
taxpayers.
Projects fail for many reasons. These include:
lack of communication among stakeholders and
participants; critical skills and knowledge gaps
for key personnel; poor conceptual planning;
insufficient implementation of project controls
and risk management; and the ineffective transfer
of lessons learnt between similar projects. To
increase the success rate of complex projects,
these issues need to be addressed across the whole
industry.
A common theme that runs throughout
successful complex projects is the emphasis
placed by project leaders on collaboration,
communication, monitoring and integration:
from initiation to project commissioning.
The leadership teams of successful projects
reinforce these values by adopting organisational
structures, processes, routines and attitudes that
underpin collaboration. An important principle
is to ensure that contractors are included in the
collaborative operating environment. However,
using collaboration as a vehicle to inappropriately
transfer risk to contractors can lead to destructive
adversarial relationships and project failure.
Another concept crucial to improving success
is dividing complex projects into two broad
stages: shaping and implementation. Shaping is a
high level process where all internal and external
stakeholders are brought together to agree on
a shared definition of success. This definition
is then entrenched in project performance

criteria that form the framework for project
implementation. In successful projects, shaping is
led by a dedicated and experienced project shaper,
appointed by the organisation that initiates or
owns the project.
Project implementation is the business of
achieving project objectives within the framework
set during shaping. This stage is led by the project
manager. Both the project shaper and the project
manager need to have exceptional leadership
qualities to meet the unique and demanding
challenges of complex projects. It is also
important to attract and retain high performing
and professional staff at all levels of the project.
Staff should be selected not only according
to their skills, but also their commitment to
adopting the values defined by the project
performance criteria and working collaboratively
to achieve them.
Effective risk management is also crucial to the
success of complex projects. “Show-stoppers”
or critical risks, must be identified during the
shaping phase and dealt with upfront. To do
this effectively, differing perspectives of project
stakeholders should be taken into account, and
a “group think” mentality avoided. Time and
resources should be allocated to establishing
initial conditions and modelling potential failures.
As complexity increases, so does the likelihood
of unexpected risks, and provisions need to be
made in the schedule and budget to resolve them
as they arise.
All parties involved in the project need to
adopt reliable project control systems. These
systems provide data on which to base project
optimisation, report progress to stakeholders
and avoid or minimise risks. If parameters are
integrated correctly from the start of project
implementation, control systems can identify
emerging trends that can be used to solve
impending issues before they happen. The
tools used in project cost and change control,
scheduling and risk management should have the
capacity to support the complexity of the project.
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Principles for success in complex projects
PROJECT LEADERSHIP AND COLLABORATION
•
•
•
•
•
•

•
•
•
•

•
•
•
•
•

Develop key areas of leadership and collaboration over the entire project management community
Implement business practices to identify and resolve gaps in critical skills
Foster a culture of continuous learning and transparency within and across organisations
Divide the development of complex projects into two stages: initiating and shaping; and implementing
Engage all stakeholders in developing a set of shared performance criteria that link to strategic goals
To align stakeholders’ expectations:
o appoint a dedicated and experienced project shaper
o build resilience in to the project shaping process
o achieve genuine alignment of the stakeholders.
Temper enthusiasm with objectivity during the shaping phase
Account for differing perspectives of stakeholders in risk analysis and treatment
Develop organisational structures, processes, routines and attitudes that underpin collaboration
To build successful project teams:
o select project managers with exceptional leadership qualities
o create an environment where team members are confident and capable of succeeding
Select and retain team members with values and skills that support the project culture and performance
objectives
Encourage productivity and innovation by fostering high performance teams
Link performance measures to team culture and achievement through values and incentives
Foster a client-centric focus for technical personnel
Avoid using collaborative models to transfer risk inappropriately

RISK MANAGEMENT
•
•
•
•
•
•

Allow time and resources to optimise the design and identify the risks throughout the project cycle
Deal with critical risks from the start of the project
Combine creative and logical thinking in risk identification and treatment
Implement collaborative structures that resolve ambiguities, reduce uncertainties and manage risks
Allocate risks to the party in the best position to manage them
Make contingency plans and allocate resources to deal with unexpected risks

PROJECT CONTROLS
•
•
•

4

Implement control systems early to identify and resolve problems before they occur
Select robust and flexible scheduling systems with the capacity to encompass project complexity
Where appropriate, consider the use of quantitative risk analysis to evaluate the probabilistic balance
between project success and failure
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1.

Context

E

ngineers Australia, through its cost
engineering and risk engineering technical
societies, and in collaboration with the John Grill
Centre for Project Leadership, has sought to bring
together the knowledge of industry experts to
provide advice to professional engineers, project
managers and clients on how to facilitate the
completion of complex projects reliably on time,
to budget, and in accordance with stakeholders’
expectations. The process by which this paper
was developed and reviewed is outlined in
Appendix A.
The paper was informed by input from those
involved in recent complex projects in the
construction industry. A list of contributing
authors, analysts and reviewers is at Appendix
B. The findings are expected to be relevant to
projects in other industries, as many of the
principles covered apply to all complex projects.
It is anticipated that this paper will be the first
step in developing and disseminating a body
of knowledge for those involved in managing
complex engineering projects including:
• professional engineers of all disciplines
• project managers, sponsors and directors
• clients developing complex projects in
both government and private sectors.
Complex engineering projects are characterised
not only by the level of technical difficulty, but
also by the challenges posed by coordinating a
multitude of internal and external stakeholders,
procurement tasks, engineering disciplines,
levels of management and numerous other
complicating factors. Some factors that can affect
the complexity of a project are listed in
Appendix C.
In this paper, complex projects are defined as
having a budget over $500 million and one or
more of the following characteristics:
• a range of engineering and other project
disciplines

• a large number of project stakeholders
• multiple critical project risks
• a high degree of technical complexity.
In some industry sectors, up to three quarters
of complex projects fail1 – while the failure rate
for standard large projects is consistently much
lower. Complex projects represent a considerable
investment for private enterprise or taxpayers,
so this rate of failure has a significant impact on
Australia’s productivity and future prosperity.
Failure of projects can be defined in several
ways:
• failure to meet stakeholder expectations
or needs
•

failure to meet performance, technical or
functional specifications

•

significant overruns in either the
schedule of the project, its cost, or both of
these factors

•

collapse of the project before completion.

Failed projects typically resulted from deficiencies
such as:
• inadequate “front-end shaping”2 by the
project owner or sponsor
•

functional groups operating in silos

•

insufficient or ineffective engagement of
the project team with stakeholders

•

inadequate support of the project’s
objectives from the client’s high level
management

•

failure by the project team to clearly link
tasks to strategic outcomes

•

emphasis by the project team on analysis
of risk rather than strategies for treatment
of the critical risks.

One factor that greatly improves the success rate
of complex projects is shaping the project and
defining criteria for success in consultation with
all internal and external stakeholders before the
project is launched. The results are then used to

1

Failure in this context is defined as a 25% overrun in cost or schedule from original budget or significant production problems in the second year of operation.

2

See section 2.2.
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rate of complex projects across the board, there
are key areas of leadership and collaboration
expertise that need to be developed not just
within projects or organisations, but across the
whole industry. It is only through addressing
the issue on this wider scale that a consistent
level of competence in project initiation and
implementation will be reached.
Avoiding past adversarial models and
supporting collaborative relationships from
project initiation to commissioning is a critical
success factor, and collaborative models are
discussed in detail in sections 2.2 and 2.3. Figure
1 is a conceptual representation of the inputs that
lead to project success – with collaboration being
the central driving force.
In Figure 1, the inputs include both leadership
and professionalism to emphasise that all
team members, not just project leaders, must
demonstrate professional attitudes and values that
contribute to collaboration. For engineers this
includes a client-centric focus, as discussed in
section 2.3.5.
Appropriate skills and knowledge are also
essential to project success. It has been noted

establish a stable framework for implementation.
This is known as project shaping and is generally
the responsibility of the organisation that owns
or initiates the project. This organisation should
appoint a project sponsor or project director to
lead the shaping process. In this paper, the person
responsible for front-end shaping is referred to as
the project shaper.
Factors that can improve the success of complex
projects are explored further in the following
chapters.

2.	Project leadership
and collaboration
2.1	ESTABLISHING PROJECT
CAPABILITY
Develop key areas of leadership and
collaboration over the entire project
management community

T

ypically, leadership and collaboration is
addressed at an organisational or project
level. However, as indicated by the high failure

Leadership

Front
End
Shaping

Knowledge & Skills

SUCCESS

Collaboration

Professionalism

Controls

Risk

Systems

The deliberate support for collaborative relationships and structures
is a major contributor to successful complex projects.
Figure 1 – Inputs to successful complex projects
3
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in numerous industry reports that certain
key personnel involved in complex projects
have deficiencies in critical skills, training or
experience. These are risk factors that contribute
to project failure.
Projects are often initiated by business leaders
who do not have a background in project
management, which makes it difficult for them
to understand their role in shaping the project
framework and allocating resources. The
organisation that initiates the project should
appoint an experienced and dedicated project
shaper to drive the success of a complex project.
Educating business leaders and government
officials in the essential principles of shaping and
implementing complex projects has the potential
to reduce the risk of failures and minimise
the financial and social repercussions. This is
explored further in Section 2.1.1.
Other deficiencies in critical project skills
during the shaping stage include planning,
estimating and cost modelling.

2.1.1	BUILDING KNOWLEDGE OF
KEY PERSONNEL
Implement business practices to identify
and resolve gaps in critical skills

T

here are a number of critical shortfalls in the
knowledge, skills and qualifications of key
personnel, including:
• a need for mid-career training and
development in complex project
management for experienced project
leaders who might fill the role of project
shapers
• a deficiency in project oriented financial
management training for senior
personnel, including some financial
directors
• a requirement for project leaders and
managers to study advanced project
management theory, and have access
to practical guides and tools specific to
complex projects
• a lack of appropriate qualifications, and
under-investment in the structured

education and career development of cost
engineers and estimators
• a need for an awareness of the principles
and practice of project management,
controls and risk management in all
project professionals
• a necessity to ensure that planners
and schedulers hold the required
qualifications and demonstrated
competencies to carry out their role
• a requirement for specific training and
experience to build understanding in all
team members to establish, maintain and
critically review the outputs of project
control systems (discussed in Section
4.1).
Business processes should be put in place to
identify gaps in these critical skills and ensure
that they are rectified.
In addition, support for mentorship programs,
internships and on-the-job training is needed
for young engineers to obtain the practical
experience and professionalism required for them
to successfully contribute to complex engineering
projects.
Professional organisations need to work with
industry and academia to ensure general and
specific training in project leadership and systems
are fully supported and encouraged.

2.1.2 CAPTURING LESSONS LEARNT
Foster a culture of continuous learning
and transparency within and across
organisations

P

rojects have a defined lifespan and project
teams are usually disbanded after completion.
Documentation of lessons learnt in a project,
as well as structured processes, policies and
procedures, is the usual means for passing them
on to similar projects inside each organisation.
However, these methods alone are not sufficient
to ensure that true learning occurs.
This issue can be resolved by building a culture
of continuous learning with the following
attributes:

Mastering Complex Projects
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•

well-developed processes and practices to
support learning
• leaders who support innovative thinking
and new ideas
• time to reflect on and document lessons
learnt and develop solutions for future
projects
• communities of practice to promote
learning across organisations and
encourage role models.
Complex projects require a larger body of
knowledge than exists within one organisation,
but transferring lessons learnt between
organisations is a challenging area. They may
not be publicised externally for fear that they
will impact share prices, cause embarrassment
or breach confidentiality. Transparency, which
promotes sharing of the information required
for collaboration by overcoming barriers such
as hidden agendas and conditions, is a relevant
concept here.
Professional associations are a key to increasing
transparency between organisations. Managers
can actively support the participation of their
employees in these organisations and gain
optimum outcomes in terms of access to an
informed workforce from the information
exchange and role modelling that occurs in
ongoing professional development both inside
and outside the organisation.
Project owners and managers should devise and
support ways to improve transparency of lessons
learnt across organisations in order to provide a
pool of knowledge that will improve the success
rate of all complex projects.

2.2

INITIATING AND SHAPING
Divide the development of complex
projects into two stages: initiating
and shaping; and implementing

M

ost complex projects have two distinct
stages:
• Initiating and shaping – also known
as development, which includes
concept and feasibility studies; project
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definition; initial design budget and
program; and development of strategies
for implementation, financing and the
relevant phased “go/no go” or gateway
decisions. These are often summarised
in an evolving draft project management
plan.
• Implementing – the stage at which
the project is designed, built and
commissioned.
Implementing is discussed in section 2.3.
In reality there are many stages in the
progression towards a project commitment, but
in a broad sense, shaping is a high level process
where all of the internal and external stakeholders
are brought together to agree on a shared
definition of success.
For both stages, collaboration and
communication is essential to success. Recent
examples of complex projects have provided
practical models for collaboration that are
effective during implementation, when
relationships have been established and defined
(see section 2.3.1).
During the initiation and shaping stage, the
project team has not yet been formed, and
stakeholders are being consulted to reach an
agreement on project scope and feasibility.
Therefore an “open collaboration” approach
is needed to facilitate knowledge transfer and
understanding. This can greatly reduce differing
ideas of project success, and resulting scope creep,
as everyone is given the opportunity to state their
position at the start.
For effective open collaboration all stakeholders
must understand the need to adhere to the
following values:
• confidence to offer views about the
project and accept the views of others
• time, space and tools for collaboration
provided by leadership or project
initiators
• a common understanding by all
interested parties that they need to share
ideas and knowledge to obtain the best
solutions for the project.
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Initiators of complex projects should foster
these values from project inception to give their
projects the best chance of success. A dedicated
and experienced leader, with a high rank within
the initiating organisation, should be appointed
to drive the shaping process. In the following
sections, this leader is referred to as the project
shaper. Other, more common, descriptions of this
role are executive sponsor and project director.

2.2.1	ENGAGING STAKEHOLDERS
IN PROJECT DEFINITION
Engage all stakeholders in developing a set
of shared performance criteria that link to
strategic goals

A

key issue for complex projects is the
significant number of internal and external
stakeholders that have an interest in the project
outcomes, and divergent opinions on what
is important. To avoid excessive changes and
subsequent project failure, the project leader
must ensure that all stakeholders come to a
consensus on the definition of project success.
This definition should be used to develop a set
of shared performance criteria that link to the
agreed strategic goals.
Project leaders must also understand their
projects in the context of their political
environment. Social and local issues such as
environmental impact; noise and congestion;
indigenous and cultural heritage; lack of
infrastructure; and the difficulty of attracting a
skilled workforce to a remote site may greatly
increase the complexity of implementation for
technically straightforward projects. In some
cases, social upheaval or conflict may cause
termination of the project before completion.
As discussed in section 2.2, in order to bring
stakeholders’ often conflicting expectations into
alignment, a project shaper must be appointed
by the project owner or sponsor during the
early development stage, to undertake frontend shaping and definition of the framework
in which the project will be implemented. The
project shaper has a direct interest in the project
outcomes and is responsible for obtaining

financing and resources for the project. As the
project champion, the project shaper also has the
following responsibilities:
• obtaining support from stakeholders
• leading initial project planning in
consultation with stakeholders
• developing the project scope
• obtaining project approval to proceed.
During project implementation, the project
shaper supports the project manager, approves
major changes, resolves conflicts, mediates with
stakeholders, and provides high-level decision
making on behalf of the organisation that
initiated the project.
Project shaping has clear links to project
success.

2.2.2	ALIGNING STAKEHOLDER
EXPECTATIONS
To align stakeholders’ expectations:
• appoint a dedicated and experienced
project shaper
• build resilience in to the project
shaping process
• achieve genuine alignment of
the stakeholders.

S

haping is a complex process. To be effective it
requires ongoing negotiation, communication
and monitoring throughout project execution. As
well as understanding the project intimately, the
project shaper needs to have enough authority
to engage effectively with external and internal
stakeholders. A general version of the shaping
concept is illustrated in Figure 2; however, each
project will have its own unique set of activities
and challenges.
An effective front-end shaping process
produces robust planning and budgeting to
provide consistent guidance to the project team
from the outset. As discussed in Section 2.2.4,
early identification and treatment of critical
project risks should be integrated into the shaping
process.
Front-end shaping applies not only to projects
that are developing new infrastructure, products

Mastering Complex Projects

9

WHITE PAPER

Shaping is required for a stable project frame
Opportunity shaping
Public investor profile

Project frame
givens

Project objectives

Business plan

Project strategy

Joint venture alignment

Project team development

Decision making process

Scope clarification

Basic project data & givens

Project definition

Governance process

Engineering & procurement

Team development & alignment

Project controls

Integrators: shaper

Project manager

Figure 2 – A conceptual diagram of front-end shaping
or services, but also to brownfield projects such
as modifications to existing facilities, where it
can assist in preparations for commissioning.
For example, involving the production team in
project planning allows timely procurement and
recruiting to achieve a fast ramp up when normal
operations resume.
Note: The governance process, shown in
Figure 2 as an input to front-end shaping, can
be understood to be the definition and ongoing
monitoring of policies by the body that governs
an organisation. In this case, the governance
process applies to the whole project structure,
which may span multiple organisations.
Project shaping builds resilience

A

n effective project shaping process builds
resilience. Resilience can be defined as
building the strength to recover from or adjust
to change. Resilience factors can be grouped into
two categories: attitudinal and conditional.
Attitudinal factors refer to the attitudes of
project personnel. In a successful project, the
project team approaches tasks in a realistic and
fact based manner. Teams are supported by a
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culture that incorporates lessons learnt from
previous projects, and includes collaboration
and communication that assists in managing
ambiguity and uncertainty (as discussed in
Section 3.3). Attitudinal factors are guided by
the alignment of all parties with the common
objectives.
Conditional factors refer to factors that are
affected by project conditions. In successful
projects, these are managed with a clearly defined
mission, clear reporting and decision structures,
strong information, and robust project control
systems. The aspects of project control systems
are explored in Section 4.1. Other conditional
factors include the ability of leadership and teams
to be prepared for unexpected risks (as discussed
in Section 3.5), and to be aware of the external
environment.
Distinct roles of project shaper
and project manager

I

n complex projects, the project manager and
the project shaper perform complementary
roles to form the project frame as shown in
Figure 3:
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Drivers of project performance
Shaping leadership

Project shaping

Project definition

Project leadership

Project functional team

Project outcomes

Figure 3 – Shaping vs. Project Leadership

•

the project shaper – who leads the
shaping process
• the project manager – who integrates the
disciplines required to form the project
team.
Frequent and open communication between the
two roles is crucial. The shaping role for standard
projects may not be as involved, and the project
manager may carry out most of the shaping.
Different skills are needed during the shaping and
implementation stages, and in some cases an asset
development or study manager may be employed
to integrate the project shaping team and hand
over to the project manager for implementation.
The project shaper’s role does not end when
implementation begins. The “givens” that are used
to shape the project frame may be assumptions
and require active monitoring for the duration of
the project. The shaper also needs to continually
engage with the external stakeholders who can
affect the “givens”. This is a significant role, which
increases in complexity with the number of
stakeholders. Poor shaping is more likely to cause
disruption than poor project management.

Maintaining the continuity of an effective,
dedicated project shaper

P

roblems can occur when there is a high
turnover in the project shaper role, if the
shaper delegates all responsibility to the project
manager or if the project shaper role is not
filled for the full duration of the project. This
can overload the project manager and lead to a
breakdown in coordination with stakeholders.
Therefore, project owners should aim to retain a
dedicated, consistent shaper for the duration of
the project.
Many project shapers do not have the project
management experience necessary to understand
their role, and rely on the project manager for
guidance. In addition, if the project shaper is
inexperienced, he or she may select a project
manager who does not have appropriate
experience for the particular project and
collectively they make inappropriate decisions.
For this reason, project management training for
leaders of client organisations and appointing an
experienced project shaper would greatly assist
many projects to succeed.
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2.2.3 PRACTISING OBJECTIVITY
Temper enthusiasm with objectivity
during the shaping phase

O

ne or more stakeholders in complex projects
can be overly optimistic about the feasibility
of success in achieving their performance criteria,
and delivering on time and to budget. This can
lead to failure to adequately quantify challenges
to achieving technical and other performance
criteria. Unrealistic expectations for the project
budget can also limit the success of projects,
particularly in the information technology (IT)
sector.
Enthusiasm at the start of a project must be
tempered by objectivity. This balance can be
achieved by preparing:
• a case for not proceeding with the project
• independent cost estimates and risk
analyses of cost regimes and programs,
also known as “the outside view”.
Optimism bias of project managers is a major
cause of failure for complex projects, alongside
strategic misrepresentation. The latter occurs
when project proponents or members of
parliament deliberately over-estimate benefits and
under-estimate costs to increase their project’s
chance of winning funding or approval. Strategic
misrepresentation is a systemic issue and needs
to be tackled on an organisational as well as
community level in order to achieve attitudinal
change.
There are recent instances in the construction
industry where the forecast usage of a particular
piece of infrastructure has been grossly overestimated, either intentionally or through
an overly optimistic outlook. This has led to
infrastructure that is either over-engineered or
under-utilised. Although these failures were
discovered after commissioning, and were
unrelated to technical performance, cost or
scheduling requirements, they affected the public
perception of whether the projects were a success
or a waste of resources.
Organisations should incorporate business
processes that promote objectivity in
early planning as well as forecasts of how
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infrastructure, resources or services will be
used after commissioning and how the selected
financing model will affect usage. In addition, for
commercial projects, the impact of volatility in
factors such as exchange rates, commodity prices
and emerging competition should be realistically
assessed.

2.2.4	INTEGRATING EARLY
RISK IDENTIFICATION
Account for differing perspectives of
stakeholders in risk analysis and treatment

A

s described in Section 2.2.1, complex
projects must be shaped during the early
development stage through engagement with
all external and internal stakeholders. Risk
management needs to be an integral part of
this process as stakeholders will have different
perceptions of risk.
For instance, project owners will be concerned
with risks to the project’s financial viability –
including the potential for the project to be
completed on time and to user requirements;
governments are concerned with boosting
public perceptions of value and reliability, while
contractors will be more interested in whether
they can manage the risk, be assured of payment
and secure an adequate profit.
Following risk analysis, risk treatment
methods in the construction industry include
retaining and managing the risk, avoiding the
risk or transferring the risk to another party by
contract. Transferring risk through contractual
arrangements may be acceptable for some
straightforward projects. However, in complex
projects, project owners increase the chances
of failure if they contract out risk when they
have not established or communicated a shared
definition of the nature of the risks and of success.
In these situations, differing perspectives can
lead to inadequate management (or inability to
manage) the risks and cause budget and time
overruns with numerous disputes and claims.
Project leaders need to overcome barriers,
including financial pressures and the less than
ideal processes entrenched in their organisations,

COVERPAPER
STORY
WHITE

to adopt better practices with regard to risk
allocation. As discussed in Section 2.3.4,
contractors can be included in the collaborative
project culture and the project values can be
entrenched in contracts where appropriate.
This can assist in breaking down adversarial
relationships and building understanding.

Because collaborative structures are based on
effective communication and coordination, they
can greatly assist leaders in bringing together the
many threads needed to successfully manage a
complex project.

2.3

T

Implementing

2.3.1	DESIGNING PROJECT
STRUCTURES, TEAMS
AND CULTURES
Develop organisational structures,
processes, routines and attitudes that
underpin collaboration

W

hile simple projects may be adequately
managed using a best practice model of
project management, complex projects require
relationships and culture that are tailored to meet
the specific requirements of stakeholders. This
may mean challenging accepted practices and
organisational structures. In particular, complex
projects require extensive interfaces. Monitoring
and communication are essential to keep all of the
stakeholders and team members working towards
the project performance objectives.

Collaborative project structures
and principles
here are many forms of collaborative
structure. Some examples include: simple
partnership models; outsourcing of end-services
in public-private partnerships; and intricate
project alliances. The general collaborative
concepts outlined below can also be applied to
collaboration in the core project team; between
leadership, management and on-ground
personnel; or between functional areas, technical
disciplines and sub-contractors.
There are three main principles for
collaboration to achieve project outcomes:
• organisational structures that facilitate
collaboration
• attitudes that underpin collaboration
• processes, routines and means to
reinforce behaviours, which are
supported by the organisational
structures.
These three principles divide into 16 subelements, as shown in Table 1.

Table 1 – Principles for Collaboration

Organisational
structures

Attitudes that underpin
collaboration

Processes, routines
and means to reinforce
behaviours

• Motivation and context
to collaborate
• A joint governance
structure
• Integrated risk mitigation
strategy
• A joint communication
strategy
• Substantial co-location

• The degree of an authentic
leadership style
• A balance between trust and
control
• A commitment to be
innovative
• A common best for project
mind set
• A no-blame culture

• Consensus decision making
between teams
• A focus on learning and
continuous improvement
• Incentive arrangements
• Pragmatic learning in action
• Transparency and open-book
processes
• Mutual dependence and
accountability
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Collaborative teams and culture

I

n a well-functioning collaborative structure,
there is a sense of family, fostered by a set of
shared values and commitment to common
project goals. These goals and values need to
be based on project performance criteria and a
shared definition of success, and should be the
basis of team selection, induction and training.
Choosing and retaining the right people is
essential to building a collaborative culture,
and in some cases it may be better to rearrange
tasks to cover a vacancy rather than recruit an
unsuitable candidate.
To be effective, a collaborative culture needs
to have the support and involvement of all levels
of management, and it needs to be clear that
management is willing to listen. The perception
that leaders do not want to hear bad news can
result in unwillingness of team members to pass
on information that can affect project outcomes.
Some of the factors that allow a collaborative
culture to thrive are:
• breaking down traditional silos by basing
team structure on tasks, rather than
specialisation or function
• co-locating the core project team where
possible, or implementing measures to
allow formation of virtual teams with
frequent communication and interaction
• designing induction training to reinforce

•

•

•

shared values and pass them on to new
team members
empowering team members to challenge
accepted procedures and norms to
achieve excellence
involving project owners and external
stakeholders in face-to-face meetings
with the project team
implementing incentives that reward
achievement above ‘business as usual’ –
these can be financial where appropriate,
but can also be recognition based for
team members.

2.3.2	SELECTING AND BUILDING
TEAMS
To build successful project teams:
•	select project managers with
exceptional leadership qualities
•	create an environment where team
members are confident and capable
of succeeding.

E

xceptional project leaders are required to
meet the unique and demanding challenges
of complex projects. The key qualities required
of leaders of complex projects are summarised in
Table 2.
Project leaders need to ensure that their

Table 2 – Key qualities of leaders of complex projects
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Leadership quality

Description

Inspirational

Self-aware and authentic; able to build high performing teams.

Strategic

Commercially astute; able to apply critical and innovative thinking to
design and deliver projects with optimum value and minimum risk.

Collaborative

Highly skilled at working with others; able to lead a wide range
of internal and external stakeholders in challenging project
environments.

Agile

Adaptive and flexible; able to deliver project value in changing
circumstances.
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projects align clearly to strategic and policy
objectives, maximise value to investors and
the wider community, and are implemented in
the safest manner with optimum time and cost
efficiencies.
For a complex project to succeed, the project
manager needs to be supported by a skilled
leadership team in the project owner or sponsor
organisation that provides excellent governance
and proactive support to the project manager. In
particular, the project shaper has a key role in the
front-end shaping of the project, as described in
Section 2.2.2 and in the ongoing interaction with
and management of the key stakeholders.
Selecting and leading confident
and capable teams

I

n complex projects, project teams tend to
become less confident that they can achieve
success as the difficulty of the project increases.
As well, for the personnel involved, transfer of
experience between apparently similar complex
projects is generally less than between similar
standard projects. These factors can lead to
project failure.
Leaders need to be willing to select a team
with straightforward experience, create an
environment where the team are confident and
capable of succeeding, and listen to the project
team and address their concerns.

2.3.3	ENCOURAGING INNOVATION
AND PRODUCTIVITY
Encourage productivity and innovation by
fostering high performance teams

T

he collaborative culture model encourages
high performance and productivity by
accepting that creative and original thinking is
required to achieve innovation and productivity
above accepted best practice. It also includes an
emphasis on communication and leaving a legacy
for future projects.
This provides rewards not only to the
management team but to professional engineers
and other team members who will be able to
see their designs realised in a project completed

on time and to budget and in accordance with
a shared definition of success. Due to the ability
to achieve excellence by challenging accepted
practices, engineers can exceed the project
performance criteria and set new standards in
safety and design. This goes beyond the level
that can be achieved in ‘standard’ projects and
provides a clear demonstration of the value added
by engineers who are encouraged to fulfil their
potential in a collaborative environment.
Examples of productivity and innovation
achievements by collaborative teams in recent
complex projects are:
• designs that improve safety and set new
worksite standards
• innovative team structures and
communication strategies which cross
over functional areas, eliminate silos and
improve stakeholder engagement and
satisfaction
• greatly reduced third party resolution of
contractor claims.

2.3.4	SETTING PERFORMANCE
MEASURES AND INCENTIVES
Link performance measures to team
culture and achievement through values
and incentives

P

roject success criteria reflect the performance
measures that are unique to each project and
spring from the diverse views of stakeholders.
They can be qualitative or quantitative, long
or short term. In successful complex projects,
leaders assign a high value to these criteria,
sometimes placing user satisfaction above cost
and schedule requirements.
One holistic approach to setting success criteria
is characterised by the five soft metrics shown in
Table 3.
A feature of successful projects is the early
definition of performance objectives and their
use throughout project execution. This allows the
decision to reshape or even terminate projects to
be made close to the start of the project, when it
has the least financial impact.
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Table 3 – Metrics for performance success criteria

Criteria title

Characteristics

Project efficiency

On time, on budget

Team impact

Personal growth, satisfaction, retention, positive morale

Customer impact

Achieving customer satisfaction, benefits, and loyalty; meeting
customer requirements

Preparation for the future

New capabilities, markets, technologies

Business results

Growth, return on investment, market share

Key result areas (KRAs) are an example of
performance criteria. They are set in line with
the project client’s definition of success and
therefore motivate the project team to challenge
standard practice and innovate. A collaborative
contract model allows a performance pool to be
linked to selected KRAs to measure and reward
or discourage behaviour in accordance with its
adherence to the KRAs.
Notably, the KRA scoring should offer rewards
for outstanding practices, which inspire the
achievement of excellent results rather than
‘business-as-usual’ behaviours. The KRAs can
form the basis of a set of values that shape the
project culture, as discussed in Section 2.3.1.

2.3.5	DEFINING THE ROLE
OF ENGINEERS
Foster a client-centric focus for technical
personnel

A

fully qualified and widely experienced
engineer in charge of the change process
can empower project teams to identify and
champion solutions. To be an effective change
manager, the engineer in charge needs to use
collaborative tools to ensure that project focus is
on the requirements of the client as defined in the
project’s performance criteria (section 2.3.4).
Technical processes, such as design and

16

Mastering Complex Projects

logistics, should be based on the performance
criteria, and unavoidable changes identified
early though ongoing communication within
the project team, and with the project shaper
as the client’s representative who manages
communication with all external stakeholders
during implementation, and approves major
changes (as discussed in section 2.2.1).
Over the past three decades, this has been
hampered by the focus in ‘traditional adversarial’
engineering projects. The adversarial model
features complex commercial relationships
characterised by litigation, risk misallocation,
insurers unable to understand risk in contracts,
and unrealistic community expectations.
Consequently, professional engineers and
contractors have been frustrated by processes and
dissatisfied with project outcomes.
Engineering performance and engagement
protocols are tools that can support the shift
to achieving success in complex projects
and improved satisfaction for engineers and
contractors by entrenching a collaborative culture
and engagement with stakeholders in engineering
practice. Their functions are:
•

engagement protocol: to align
expectations of project stakeholders
though a guide which details procedures
to achieve optimum project outcomes
and value for money
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•

performance protocol: to provide
methods to measure the performance of
professional engineers as individuals and
team members, assess the standard of
care due to clients, and guide engineers
on good performance practices, including
collaboration.

2.3.6	FOSTERING COLLABORATIVE
MODELS

•

3.

C

Risk management

3.1	ALLOCATING RESOURCES TO
MINIMISE RISK

Avoid using collaborative models to
transfer risk inappropriately
ollaborative models have many advantages;
however, to work effectively they need to
be truly collaborative and not be used simply
as a means to transfer risk. Appropriate skills
and front-end resources are required to ensure
the success of a collaborative relationship which
may be a challenge for project clients without
experience in this area. As discussed in Sections
2.1.1 and 2.2.2, building the project management
expertise of inexperienced project shapers is an
opportunity with the potential to greatly improve
the success rate of complex projects.
The traditional model of transferring risk
through contract terms often leads to adversarial
relationships and budget overspends. These issues
may be caused by contractors claiming more than
their entitlements or trying to recoup monies
for contractually imposed risks not adequately
allowed for in their bid. Scope creep due to
inadequate project definition is a frequent cause
of prolonged disputation.
Managers must also ensure that they extend
the culture of collaborative relationships to
contractors, external suppliers and joint venture
partners. In particular, punitive contract terms
and inappropriate transfer of risk to contractors
should be avoided. This can be achieved using
techniques including:
• involvement in project launches,
workshops, training sessions and
informal progress meetings
• drafting of contracts to include elements
of project culture and values, as well as
incentives or recognition for outstanding

achievement where appropriate
educating the procurement team on
the entitlements of contractors to avoid
disputes and over- or under-payment.

Allow time and resources to optimise the
design and identify the risks throughout
the project cycle

O

ften, insufficient time and resources are
provided from the start of a project to
evaluate designs and treat critical risks.
As an example, there were seven categories of
risk that caused time and budget overruns in a
complex road construction project.
These categories are summarised in Table 4
along with the associated issues.
Allocating time and resources for engagement
with stakeholders, construction of design models,
and establishment of existing conditions and
proven process models can reduce the risk of
project failure if followed up with appropriate
treatments (as described in Section 3.2). This
should be done before any risk is allocated or
contracts let, and continued throughout the
project cycle. Managers at all levels should
ensure that treatment of risk is embedded in the
decisions that they make at every stage of the
project.

3.2	IDENTIFYING AND TREATING
CRITICAL RISKS
Deal with critical risks from the start
of the project

T

he AS/NZS ISO 31000 standard is based on
analysing the likelihood and consequences
of risks rather than whether or not they are
critical to project success. For complex projects,
an exclusive reliance on the standard means
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Table 4 – Risk categories and issues for complex road construction projects

Risk category

Issue

Design

Insufficient investment in establishing existing conditions with scale
models or prototypes.
Designers do not communicate the consequences of constructing designs
out of tolerance.

Access and approvals

Failure to identify or engage external stakeholders during planning for
access and approvals can cause delays.

Relocating utility services

Inadequate existing condition survey can overlook existing services.

Unsuitable material

Inadequate geotechnical survey fails to identify rock, soft or contaminated
materials.

Site conditions

Inadequate awareness of changing weather conditions and contingency
planning.

Traffic management

Failure to constantly monitor traffic and treat change in routine as a
source of high risk to users and workers.

Procurement

Focus on price alone. Quality of materials also needs to be to standard and
resources supplied on schedule to avoid delays.

that the early identification and treatment of
low likelihood “show stoppers” may not occur,
which in a worst case scenario could cause project
failure.
Critical risks can result in significant budget
overruns, time delays and in some sectors injury
or death, but are often not identified due to
insufficient investment in researching initial
conditions, models or prototype, as discussed in
Section 3.1. Project leaders working in a culture
that is focused on risk analysis rather than risk
mitigation may overlook early warning signs of
impending critical risks.
There is a legal obligation on project owners,
designers and contractors to treat safety risk to a
“so far as is reasonably practicable” level. There is
also an expectation under due diligence to treat
other risk types in a manner that minimises the
impact of risks on affected parties. In order to
achieve this, project leaders need to make sure
that clear treatment actions, completion dates
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and resources, are provided to the personnel
responsible for treating risk and begin to deal
with critical risks at the start of the project.

3.2.1 WORKSHOPPING RISK
Combine creative and logical thinking
in risk identification and treatment

W

hen identifying risks and how to treat
them, leaders should find methods
to harness the knowledge and abilities of all
stakeholders and team members. Critical risks
may be missed in situations where a ‘group
think’ mentality has been allowed to develop and
individuals feel the need to conform. An effective
approach is to provide a forum that encourages
participants to combine creative and logical
thinking.
One example is the divergent/convergent
thinking model. Risks are identified with a “What
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if…” (event, consequence) statement and actions
with a “Can we…” (verb, noun) statement. Action
is allocated to a team member and a due date is
set, allowing clear and prompt action to take place
in the case of early warning signs indicating that a
critical failure is imminent.
Convergent thinking is logical thinking where
ideas converge to a single decision, and divergent
thinking is creative thinking where a single
question can result in many possibilities for
action. Risk management requires both kinds of
thinking to succeed:
• creative thought to identify a range of
possible risks and treatments
• logical thought to analyse and rate the
possibilities to determine the best way to
treat each risk and their priority in terms
of project criticality.
Some team members, including engineers, may
be conditioned through training and inclination
to be logical thinkers, and need support and
facilitation to achieve the level of creative
thinking required.

3.3	MANAGING AMBIGUITY
AND UNCERTAINTY
Implement collaborative structures that
resolve ambiguities, reduce uncertainties
and manage risks

C

ritical risks are often known to a
project stakeholder, but not adequately
communicated to project leaders. They can be
referred to as “unknown knowns”. “Unknown
unknowns” – or unexpected risks that are
unknown to all stakeholders – can also prove
critical and contingencies must be made to allow
for them too. This is explored in Section 3.5.
In complex projects, as well as encountering
risk – which can usually be measured and
managed – project teams must deal with two
other key concepts:
• uncertainty – concepts that are partially
known or “fuzzy”
• ambiguity – a potential to misunderstand
assumptions or perceptions.
Collaborative structures, as described in Section

2.3.1, foster open communication and knowledge
transfer to allow project teams and external
stakeholders to resolve ambiguities, reduce
uncertainties and be fully informed of and better
understand risks. This improves the accuracy of
budgeting and scheduling.

3.4

ALLOCATING RISK
Allocate risks to the party in the best
position to manage them

I

n the standard approach for management of
project risks, as defined in the AS/NZS ISO
31000 Risk Management Standard, there are
several steps, each involving communication,
monitoring and review to engage with
stakeholders. During this review process, the
capability of stakeholders to manage risks should
be determined.
Once risks have been identified, analysed
and evaluated, they must be treated. In the
construction industry, standard treatment for
risks includes:
• retaining and managing the risk
• avoiding the risk
• transferring the risk to another party by
contract.
If the decision is made to contract out the risk, the
risk analysis process should inform the decision
of which party is best placed to manage it. It
should also provide the basis for deciding what
contract form should be adopted. The available
options range from design and construction
contracts to project and construction
management contracts to collaborative contract
forms such as those used in project alliances.

3.5	ANTICIPATING UNEXPECTED
RISKS
Make contingency plans and allocate
resources to deal with unexpected risks

E

ven after programs to mitigate risk have
been implemented, there is a possibility that
unknown unknowns, or unexpected risk events,
will occur and derail a complex project. There
are various techniques to prepare for unexpected
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risks including:
• conduct a top down functional
vulnerability analysis at the beginning
of the project to identify critical success
factors for the project and credible threats
that could lead to failure
• repeat the functional vulnerability
analysis at regular intervals throughout
the project to identify changes that may
have occurred that could impact project
success
• focus on being prepared for the
unexpected; use heightened awareness to
seek out threats and invalid assumptions
• establish a task force panel of external
experts which can provide advice
when an unexpected risk event occurs,
paired with provisions which will cover
estimated risk cost and fund resources to
respond.
The estimation of how much an unexpected risk
will cost to treat is not an easy task, requiring a
large amount of speculation. However, it should
be generous. For example, research on complex
high risk information technology projects has
resulted in the advice that if the project cannot
withstand a 400% budget overrun, it should not
commence.

4.

Project controls

4.1	IMPLEMENTING PROJECT
CONTROL SYSTEMS
Implement control systems early to
identify and resolve problems before
they occur

P

roject leaders, teams and engineers require
reliable project control systems to provide
data to optimise the project, report progress to
stakeholders and avoid or minimise indicated
risks. Complex projects typically collect data in
the following elements:
• cost
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• earned value
• schedule progress
• inputs such as work hours
• outputs such as quantities
• identified risk.
Integration of data elements must be supported
in the early development stage by adequate
experience, skills and commitment from the
top down. If parameters are integrated correctly
from the start of project implementation,
consistent metrics and emerging trends can be
used to identify and solve impending problems
before they eventuate. In practice, overall budget
forecasts would be based on estimates of actual
and expected resources needed, backed by
production and earned value measures in specific
instances.
An ideal control system for complex projects
would include:
• targeted, meaningful metrics in an
efficient system defined by clear
parameters that eliminate duplication
• a common work breakdown structure
and cost breakdown structure for the
schedule and cost systems
• schedules featuring clearly defined critical
and interface milestones
• committed budgets, costs and forecasts
• actual costs plotted against earned value
• quantities tracking which feeds objective
progress and unit cost measures
• project risk valuation which is calculated
and managed systematically from the risk
register
• change management and forecasting of
expected outcomes
• reporting on key performance indicators
that is brief and easy to understand
• the ability to provide data in a timeframe
that allows emerging risks to be managed
or avoided.
The systems and processes required to establish
and maintain project control systems require
skilled personnel to set them up and use them
effectively. The users must have an understanding
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of what the systems are doing and be able to
critically review outputs and forecasts prior to any
publication. Failure to validate outputs can cause
the project team to distrust or even ignore critical
performance metrics. This requires specific
training and experience (as mentioned in
Section 2.1.1).
Management of claims

B

uilding collaborative relationships with
contractors requires establishment of a
shared concept of success as well as continuous
communication. This can be aided by a robust
project control system in the following ways:
• facilitate the management and resolution
of events that cause delays
• accurately record contractual claims and
measure the consequences of delay or
disruption
• show the impact that change will have on
the contractor’s program and budget
• speed up the resolution process for claims
and limit the number of claims which
remain unresolved for extended periods
of time.

4.2	SELECTING SCHEDULING
SYSTEMS
Select robust and flexible scheduling
systems with the capacity to encompass
project complexity

P

roject schedules, no matter how sophisticated,
cannot reliably predict the future. At best they
are a statement of intent. Making the assumption
that schedules are able to predict future events
with any certainty can lead projects to run
overtime and cause disputes over contract delays.
The accuracy of a schedule is not improved
by increasing its detail unless the work to be
undertaken can be reasonably foreseen. Schedules
that are too detailed and not based on foreseeable
work methods cannot be progressively updated as
project conditions change.
As projects increase in complexity and
nonlinearity and unpredictability emerges, a
paradigm shift in scheduling is needed to ensure

that time overruns are avoided and project failure
prevented. One proposed solution is the “schedule
density” concept. This concept is based on two
principles:
• proactively manage change as it occurs,
irrespective of the cause
• add detail when the requisite knowledge
becomes available (within a three month
timeframe).
Schedule density involves producing overall
time budgets based on a strategy and method
statement for project delivery. This should be
developed in accordance with the amount of
detail required to manage the project interfaces
and the events in the near future and to resolve
any emerging issues. The concept is illustrated in
Figure 4.
After project commitment, the baseline
schedule at the medium density level is used to
identify and develop interface milestones across
the project. These are particularly important
in the construction industry to identify where
contractors are working alongside each other and
allow progressive access to work areas.
Another key principle is a “forward
looking focus on success” which advocates an
understanding of trends and current performance
to focus on future achievements, not past failures.
To be effective in managing a complex project,
a schedule must be realistic, attainable, reflective
of current conditions and used for project
coordination. Furthermore, project or contract
managers must provide time, resources and
training to allow schedules to be developed;
and project owners need to develop scheduling
specifications that reflect the complexity of their
projects.
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Figure 4 – Schedule density concept diagram

4.3	PLANNING FOR UNCERTAINTY
AND CONTINGENCY SETTING
Where appropriate, consider the use of
quantitative risk analysis to evaluate the
probabilistic balance between project
success and failure

I

n order to achieve project success, leaders
need to identify effective tools and methods
to evaluate and treat risks before they occur, and
update contingencies to ensure that they remain
adequate through the life of the project.
One method of forecasting internal and
external risks is through predictive modelling. In
the areas of cost and schedule risks, the Monte
Carlo method of integrated cost and schedule risk
analysis is one example of a predictive modelling
tool that has been successfully used in complex
projects.
Risk analysis has been more commonly used
for cost modelling and as a separate tool from
schedule models. With the advent of very
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Bx5
Bx6
Bx7
Bx8

powerful desktop computers, these models can
now be combined in one integrated tool for
analysis.
This risk analysis tool can integrate time, cost,
revenue uncertainties, risk events and factors with
weather uncertainties and market fluctuations
to model probabilistic net project values and
internal rates of return. It can test economic
resilience and evaluate the probabilistic balance of
project success and failure.
It is widely accepted that probabilistic
modelling should be carried out before the
financial investment decision is made, as well
as in the course of project implementation.
However, there are also sceptics who question its
value as they have come across examples of poor,
disjointed and misleading analysis. Care should
be taken that probabilistic analysis is carried out
with rigour to produce good quality results that
support decision making.
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Appendix A: Development
and review of paper

T

his white paper has been developed by
the organisers of the Mastering Complex
Projects conference, part of Engineers Australia’s
Convention 2014. Editorial assistance has been
provided by Engineers Media, a subsidiary
company of Engineers Australia, under the
guidance of the conference’s white paper
subcommittee. A previous version, the green
paper, was reviewed by delegates at the Engineers
Australia Convention 2014 MCP conference and
suggested changes incorporated in this document.
The intended audience is professional engineers,
project managers and project clients.
The review was carried out in a forum at the
conference using a methodology called Open Space
Technology. This is a technique that provides time
and space for people to discuss and form a deep

understanding of issues of interest.
Contributions were selected based on their
applicability to the theme of the Mastering
Complex Projects Conference: ‘Recent lessons
learnt from big budget projects: issues contributing
to control of time and cost, management of risk,
and project leadership on complex engineered
projects.’
The papers were reviewed by the conference
subcommittee which consisted of experienced
construction industry professionals. The
subcommittee analysed the contributions to
draw out issues, which were then grouped into
the streams of project leadership, project controls
and risk management. The first category was later
changed to project leadership and collaboration
due to the emphasis on collaborative models that
emerged in the contributed papers. The issues were
then organised into themes and deeper emergent
themes were identified through analysis using the
process described in Table 5.

Table 5 – Process for identifying major and emergent themes

Stage

Process

1. Issues

Significant ideas were identified in the contributing papers. This
identification of issues was generally carried out by two or more
analysts.

2. Themes

Issues of similar content were grouped into themes. Grouping of
issues into themes was initiated and reviewed by the white paper
subcommittee.

3. Emergent themes

Perceptive analysis of themes allowed connections to be identified
and conclusions to be drawn so that the deeper emergent themes
were identified.

Input from
industry

Identification of
issues and
themes

Green paper

Facilitated
review
(open space
technology)

White paper
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Appendix C: Difficulty index factors for complex projects
Table 6 – Difficulty index factors for complex projects

Business related factors
Project profile. Have common expectations
been established amongst investors and others
about project whole-of-life output, cost and
schedule before definition has been completed?

Joint venture partnership alignment. Is there alignment
on strategy? Is one partner recognised as operator?

Business objectives. Has the organisation
defined the business objectives?

Cost and schedule targets. Is there pressure to fit the
project into a pre-determined cost or schedule? Does this
result in schedule-driven definition?

Layers of management. How many layers of
management are directly involved in decision
making?

Alignment on governance process. Is the project
following a proven process, or is it a hybrid?

Project ownership. Is project ownership
confirmed or are ownership changes likely to
delay project commitment approvals?

Location related factors
Remoteness of site. How remote is the
construction site? What local infrastructure is
available to support the project?

Government and permits. Is the project outside the
experience of the permitting authorities? Is government
supportive of the project?

Local content. How onerous are local content
requirements and are local suppliers available to
meet project requirements?

Community. How difficult are the community issues?

Scope related factors
Program of projects. Is the project a program
of projects or part of a program that involves
multiple project teams?

Size and location of project team. Is the main project
team more than about 120 people, which means
communication is more difficult and added bureaucracy
is needed? Is design work being shared collaboratively
between design offices? Are additional resources available
if required to overcome problems and are additional
facilities and services available?

Type of process. Is engineering design fairly
straightforward, or is an intense engineering
effort required? Have all design option studies
been completed prior to project commitment?

New technology. Does the project involve new
technology? Does it need a pilot plant or additional scaleup plants such as demonstration plants?

Brownfield work. Does the project involve
significant modification to an existing process or
installation and require major plant shutdowns?

Logistics and material management. Is there a complex
supply chain and/or unproven material management
systems? Are there a limited number of suppliers for
critical equipment items?
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