
E 6 Project Consulting

Managing Large Infrastructure (and Other Complex) Projects

To meet the project requirements and to overcome cost and schedule overruns

“The significance of project complexity to project success or otherwise cannot be underestimated,
hence the compelling need to allow for a thorough understanding of the inherent complexities in
an infrastructure delivery system ...” — David Baccarini, 1996
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The challenges we face…

 Large Infrastructure Projects (LIPs) are critical to, and have an impact on the macro-economy of
    the host country in terms of job creation, opportunities for export boost (and/or reduced imports)
         and contributions to economic growth. LIPs contribute to the national economy (i.e., GDP growth)
            both during construction and through their positive outcomes. Indeed, when well executed,
  inf rastructure projects bolster economic growth twofold; for “Investments in modern
           infrastructure lay the foundations for economic development and growth. ¹   Building roads,
         bridges, power transmission lines and making other improvements create jobs. ²   When
      completed, these projects help a society increase its wealth and its citizens’ standard of living.”
    (U.S. DoS, 2012)

         Yet the planning, development and execution of large project initiatives present high risks, complex issues,
     and challenges and disillusionments, judging from the unsatisfactory outcomes common to such mega-
projects.  “The megaproject market is worth about $9-trillion each year, and globally big builds are in a
      mess. It is rare to have one completed on time and on budget.” (Nevin, 2015). Moreover, according to the
              Independent Project Analysts (IPA), “Data from more than 300 global megaprojects show that 65
                  percent of industrial projects with budget larger than $ 1 billion in 2010 U.S. dollars failed to
                      meet business objectives. In some industrial sectors the failure rate was as high as 75
               percent.” (Merrow, 2011) – Surely, something ought to be addressed here!

                                    The widespread, persistent unsatisfactory outcomes of LIPs in both private and public
                                         sectors indicate that traditional project management has not necessarily kept pace with
                                            the ever-increasing complexity of Large Infrastructure Projects. “It is a common
                                                statement that the construction industry process is one of the most complex and
                                                  risky businesses undertaken, however it has also been suggested that the
                                                construction industry has developed great difficulty in coping with the increasing
                                             complexity of major construction projects”, contend Wood & Ashton (2010) – The focus
                                        should shift away from “building physical facilities” to devising  a “successful system” that
                                   effectively improves the operational environment; indeed, “Building physical stuff {e.g.,
                               railway, port} is easy, producing improved services {e.g., transportation system} much more
                           difficult.” (Andrews, 2012)

                  Due to the increasing complexity of their projects, the [Dutch] civil engineering sector has been using
              Systems Engineering (SE) for more than a decade. As a result, the sector is undergoing a transition
where the support base for and the application of SE have increased in recent years. This is because
organisations realise that SE helps them make large and complex projects more controllable and allows them
to be set up more efficiently.

Large Infrastructure Projects (LIPs) in effect are technological systems “nested” in socio-economic
environments. Our global research and local experience have both identified six (6) elements as crucial in
ensuring LIPs’ success:

These six “high-leverage” delivery-elements (with sixteen others) are incorporated in our Systems Engineering
based Project Lifecycle Methodology (The SE-PLM) for the success of large infrastructure and complex projects.

Cl
ea

rly
 D

oc
um

en
ted

 P
�e

-c
ur

so
r 

N
od

es At organisation-wide level - a culture and understanding of Systems Thinking
(ST) has been established first, starting at the top, to support the application
of a project lifecycle that aligns to Systems Thinking/Engineering on projects.

At organisation-wide level - a clearly documented strategy that is openly
communicated across the organisation and most projects are linked and/or
aligned thereto.

At organisation-wide level - a governance platform (with the necessary
decision making protocols) where project performance is discussed and
investment decision are made (e.g., stop/continue, initiate new projects)

At organisation-wide level - a project delivery policy is aligned to the
organisational strategy and clearly defines project success/failure criteria.

At organisation-wide level - a project delivery framework that clearly
defines the various role-players and their respective responsibilities and authorities,
as well as the lifecycle methodology (i.e. phases), and Gate Review process.

At organisation-wide level - a project delivery framework that makes Post
Implementation Review (PIR) mandatory on projects, and defines its processes
and protocols, including scope, timing, roles and responsibilities.
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Portfolio Strategic
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Portfolio Governance
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Project Failure/Success
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Project Delivery
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The proposed methodology…

Traditional project management approaches are failing dismally in Large and Complex Infrastructure Projects.
Hence, the SE-PLM MasterClass curriculum seeks to introduce our new SE-PLM (Project Lifecycle Management)
methodology for complex and/or large infrastructure projects – which follows the Systems Thinking approach!

We trust the SE-PLM, which has emerged from an extensive (academic and practical) research within the
Large Infrastructure Projects industry in Southern Africa and globally, has proven powerful in delivering such
projects. The SE-PLM MasterClass shall mostly capacitate project professionals dealing with the increasing
complexity of Large Infrastructure Projects (LIPs) – and will ultimately address the pervasive, pernicious
cost and/or schedule overruns and therefore significantly reduce the risk of project failure; we have
learned it from “rocket-science”!

The NASA Systems Engineering Handbook states, “Systems Engineering is a methodical, disciplined
approach for the design, realization, technical management, operations, and retirement of a system. A
‘system’ is a construct or collection of different elements that together produce results not obtainable
by the elements alone.” (2007)

The SE-PLM MasterClass has been developed in accordance with the holistic, Systems Engineering (SE)
based model that considers the entire project lifecycle (i.e., f rom-womb-to-tomb; thus, prominently
featuring the operational environment where the designed “Solution-System” will be deployed) along with
six (6) specific delivery-domains applicable to Large Infrastructure Projects; namely, the following modules
on SE practices:

(1) Stakeholder Management    (4) Risk Management 
(2) Requirements Management    (5) Transition/Readiness Management
(3) Engineering Management    (6) Business Case Management

The SE-based Methodology, which underpins the SE-PLM MasterClass, is graphically summarised as follows

This model reflects the Systems Engineering’s view that projects should be delivered along discrete
delivery streams, producing five (5) key deliverables (ORS, FELs, BC, PEP, ORP) that are progressively
elaborated across the project lifecycle. These streams (and requirements thereof at various phases of the
project lifecycle) are discussed both in Module_0 (Project Lifecycle Management) and in the ensuing six (6)
modules as listed above.

By considering the requirements of the Systems-of-Interest over the full lifecycle (i.e., from-womb-to-tomb)
during the system development process, the “Holistic System Designer” would focus the solution on
producing maximum performance and efficiency for the entire lifecycle, including Operations,
Maintenance, and Disposal. 

While each module is devised as a stand-alone volume, Modules_1 to _6 do build on Module_0,
even forming an integrated approach; thus, they should be offered in a logical order to prove
most effectual. Moreover, as for those projects professionals who might feel the need for gaining
further insights into this methodology, we shall kindly direct them to both the International Council
on Systems Engineering (INCOSE) and the Dutch Ministry of Public Works & Water Management for
any additional resources [refer to http://www.leidraadse.nl]

Pascal Bohulu Mabelo has published books and articles to support and promote this SE-based methodology!

Owner’s Requirements SPecification (ORS)

Feasibility (FELs) Report

Business Case (BC)

Project Execution Plan (PEP)

Operational Readiness Plan (ORP)
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SE-based Project Lifecycle
Methodology... (SE-PLM™)

“Unless we look at things as
systems that are somewhat
interconnected, we wouldn’t
perceive anything beyond
their faint and fleeting
shadows”

— Pascal Bohulu Mabelo



 The MasterClass curriculum...

Module 0 – Managing Project Lifecycle  2 or 3 -Day MasterClass
• Projects, Project Management, and Systems Thinking
• Why Projects Fail – Causes, Consequences, and Cures?
• Why is Project Management (PM) Important?
• Why is Systems Engineering (SE) Important?
• Cooperation between PM and SE
• Project Lifecycle Concept – Rationale, Benefits, and Processes
• Project Lifecycle Requirements – Business, Technical, and Integration
• Critical Project Lifecycle Deliverables
• Project Lifecycle Governance
• Gate Review Process
• Specific Provision for Large Infrastructure Projects (LIPs)

Module 1 – Managing Project Stakeholders 1 or 2-Day MasterClass
• Stakeholders and Stakeholder Management
• Failed Stakeholder Management
• Stakeholder Management and Project Complexity
• Four-Step Approach to Managing Stakeholders
• Stakeholder Identification
• Stakeholder Analysis
• Stakeholder Strategy and Plan
• Stakeholder Engagement
• Stakeholder Management and Project Processes
• Advanced Topics in Stakeholder Management

Module 2 – Managing Project Requirements 1 or 2-Day MasterClass
• Necessity of Project Requirements
• What is a Project Requirement?
• Typology of Project Requirements
• Project Requirements Formulation
• Examples of Project Requirements
• Project Requirements and Lifecycle
• Role of the Business Analyst
• Requirements Verification and Validation
• Requirements Formulation Under Complexity
• Requirements Maturity Model

Module 3 – Managing Design & Development 1 or 2-Day MasterClass
• Engineering Design and Development – Overview
• Engineering Specifications Process
• Engineering Design Process – The Principles
• Engineering Design Process – The Vee-Model
• Design Development Methods
• Engineering Process Outputs
• Engineering Process and Project Lifecycle
• Engineering Design and Other PM Processes
• Failure Mode and Effects Analysis (FMEA) Process
• Design Thinking Process

Module 4 – Managing Project Risks  1 or 2-Day MasterClass
• Risk and Risk Management
• Risk Management Principles and Processes
• Risk Identification Process
• Risk Analysis Process
• Risk Treatment Process
• Risk Monitoring and Control
• SE-based Project Risk Management Framework
• Risk Management and Project Lifecycle
• Risk Management and Enabling Disciplines
• Enterprise Risk Management and LIPs

Module 5 – Managing Operational Readiness 1 or 2-Day MasterClass
• Concept of Operational Readiness
• Necessity of Operational Readiness
• Requirements of Operational Readiness
• Operational Readiness and Project Lifecycle
• Focus on Human Capital Readiness
• Operational Readiness Implementation
• Operational Readiness Review
• Post-Implementation Review

Module 6 – Managing Project Business Case  1 or 2-Day MasterClass
• Projects and Capital Investment
• Economic and Commercial Validation
• Project Investment Appraisal – The Principles
• Project Investment Appraisal – The Applications
• Salient Aspects of Project Finance 
• Business Case Development
• Business Case and Project Governance
• Portfolio Management Process
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SE-PLM MasterClass consists of Lectures, Videos, Practical Exercises, Games, etc., in line with “Blended Adult Learning”
ECSA-accredited Training Events could be arranged on request, according to timelines that best suit the client!

What some delegates have said thus far…

“An  investment  in  Systems  Engineering
saves procurers and designers/developers
from unnecessary punishment along
project and system life cycles …” 

“The  facilitator  is  extremely
knowledgeable  and  has  a
way    that    keeps    the
audience   interested...
This  was  definitively
a  superb  course...
It    has    opened
my  eyes  to  a
new world!”

“Insightful...
from a logistics
background,   I’ve
realised the concepts
discussed indeed apply
to  my  f ield...  I  would
recommend  it  to  anyone
looking to add another level
of thinking ...”

“Extremely helpful workshop, by an
extremely knowledgeable facilitator, and
based on extremely clear ‘reference material”

“This course gives a holistic and systematic
process defining precisely that which would
otherwise be missed … to def ine the grey
areas in stakeholder management which is
normally experienced …”

“Very good communicator, has an interesting
and entertaining approach … I will recommend
the course ...”

“Good quality and valuable reference material...”
and also “Very knowledgeable and enthusiastic
about his subject ...”

“Well versed in topic … very knowledgeable
of the subject at hand … the material is a
useful reference ...”

“I work in supply-chain … In particular, the
operational readiness module is so relevant
for it is all about realising tangible benefits
for the end-users, whoever they might be …”


