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Foreword

Will your megaproject be a success or a failure? Data from more than 300 global megaprojects shows that 65 percent of industrial projects with budgets 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. Most of the failed projects were unprofitable, but not all. Some made money due to a serendipitous increase in forecasted product prices or other unanticipated windfalls. Unfortunately, these projects support some people’s belief that “it is better to be lucky than good” at what you do. However, if this isn’t how you want to manage your business risks on very large investments, there is some really good news. For more than two decades, Independent Project Analysis, Inc., has been exploring what makes projects succeed and fail, and the results of their research on megaprojects are now available in this book.

Industrial Megaprojects is a primer on what to do and what not to do as part of end-to-end megaproject management. This book provides the necessary information for you to establish a decision and execution framework that allows you to be in control of your project’s outcomes, not “just hope to be lucky.” It is structured in a way that those who sponsor, direct, or work on large projects can gain a functional understanding of how best to achieve the most business-effective results. It also enables business executives who are genuinely in charge to make better decisions about how the project should be developed, governed, and executed. Most important, it lays out ways to overcome the largest challenge in successful implementation of megaprojects—enabling the business and technical professionals to work together collaboratively as a fully integrated team.

Now back to the critical question: Will your megaproject be a success or a failure? The answer is . . . it depends. It depends on whether you can positively answer these key questions:


	Will it be built and started up without injury to anyone involved, or will people be hurt or killed?

	Will the total cost be in line with the amount authorized, or will it exceed the estimate by more than 25 percent?

	Will it be completed on the original schedule, or will it slip by more than 25 percent?

	Will it start up and deliver the promised production, or will there be an initial or permanent shortfall?



How confident you are that you can accurately answer these questions depends on several things. The critical ones are: (1) Have you put the concepts, strategies, and practices—proved to deliver successful megaprojects—in place? and (2) Have you integrated them into a disciplined project management process? In addition, I would like to call to your attention what I, as well as the author, believe is the most important and almost unique requirement for a successful venture: the need to assess and then shape the opportunity into a reasonably stable platform from which to manage the project. Opportunity shaping is a process involving both the business and the technical professionals who would be assigned to the project. To be successful, it must be led by the senior business executive accountable for the financial performance of the business unit proposing the venture. It allows the sponsors to evaluate the key attributes of a potential project, gather information that is needed to guide venture level decisions, and then allocate the value to the various stakeholders. This will make the project environment stable enough for successful execution, while holding enough of the project’s value for the sponsors to make the venture worthwhile. In this book, the opportunity shaping process is discussed from the perspective of the business and the project professionals who are working for the leading stakeholder-investor. Both the information that needs to be developed to make good shaping decisions and how to devise a successful shaping strategy are detailed. I believe this part of the book is a must-read for business and technical professionals charged with the accountability of developing and successfully executing a megaproject. When business and technical professionals do not understand and then apply opportunity shaping concepts and strategies, the risk of their project being one of the 65 percent failures is extremely high.

After more than 40 years working in the capital project arena, I remain mystified by the extreme reluctance of very intelligent business and technical leaders to pay attention to validated past experience. It is my opinion that failing to accept that there are project best concepts, strategies, and practices that, when executed in a disciplined manner, deliver predictably good results makes no business sense. Over the course of my career, I have struggled to find the right way to communicate this and show that the business value was so obvious that the use of the proven approaches should be a no-brainer. But, until now I have been woefully unsuccessful, even on projects for businesses that have experienced failures in the past. I had begun to fear that we were all destined to continue to validate the observation expressed in this quote from Douglas Adams, English humorist and science fiction novelist:

Human beings, who are almost unique in having the ability to learn from the experience of others, are also remarkable for their apparent disinclination to do so.

However, knowing that the knowledge contained in this book is now available to everyone makes me cautiously optimistic. I am truly hopeful that this book will become the “megaproject handbook” and be required reading for all business and technical leaders currently working on or contemplating a venture that would include a large capital investment. Looking to the future, I recommend this book become the primary text for all college and professional development courses on venture and project administration and management. This would contribute significantly to current and future business and technical leaders being much better prepared to plan and execute successful projects regardless of size.

I know as business and technical professionals there is always a great demand on your time, but now that you’ve read this far, I strongly encourage you to read all of this book. The key concepts, strategies, and practices are described in actionable terms, and their business value is supported by actual project examples. I’m certain you’ll agree that your investment of a few hours reading this book and discovering how you can potentially save billions in project costs will have a huge return.

—James B. Porter, Jr.

Chief Engineer and Vice President (Retired)

Engineering and Operations

E.I. DuPont & Company
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INTRODUCTION

Why Megaprojects Fail So Often

Seven Key Mistakes

By way of introducing you to the strange world of megaprojects, I am starting by discussing seven critical mistakes that I have seen most often in my 30 years of studying these projects, first at The Rand Corporation and then for the past 23 years at Independent Project Analysis (IPA). If you are responsible for a megaproject right now, try to ask yourself, “Am I now in the process of making one of these whopper blunders?”

After outlining how to do large projects well to the executive committee of a large company, the chief executive officer (CEO) asked me an obvious question: “Given that all of this is rather straightforward,” (he actually said “smashingly banal”), “why can’t we do it?”

The answer was one he anticipated and feared: “Because you are incapable of generating the kind of deep cooperation within the company that is necessary to do these projects well.”

Most of the big mistakes that companies make in developing and executing these projects stem from a basic lack of being able to pursue a common goal with clarity and good behavior.

This book is mostly about mistakes, often masked with the bravado of “taking daring risks,” but in the end just plain mistakes. So I thought it appropriate to start our discussion of megaprojects with seven whopper mistakes that doomed too many of these projects from the start. For the most part, the engineers on these projects tend to make little mistakes, although some of them occasionally cascade into disaster. Most big mistakes are made by senior business managers in the sponsoring firms. The reason they make most of the big mistakes is because they have control of the things that matter most: strategy, money, and people. In most megaproject developments, the most important single relationship among the many thousands of relationships involved is the one between the business director for the project and the project manager, often called the project director.

So here are my top “Sorry Seven”:


1. I want to keep it all!

In days of yore, greed was considered a bad thing, even in business, because greed was liable to get us into trouble. I am pleased to report that in megaprojects, greed still works that way. When companies approach these projects with a view of trying to take as much of the pie as they possibly can, they lose sight of an essential element in making the project succeed: the allocation of the project’s potential value in a way that provides a stable foundation on which the project can be executed. This will be a primary subject of Chapters 4 and 5. Working a deal that will be seen as essentially unfair to other stakeholders will tend to backfire. Greed generates an imbalance in the distribution of costs and rewards of the project.

Most commonly, a project with a greedy lead sponsor falls apart in the development (shaping) phase, so we end up with nothing rather than all of it. In other cases, the project proceeds, but those who believe they have been treated unfairly never let go of their opposition. They then add turbulence to the project environment, giving project directors more trouble than they can manage. By their nature, megaprojects often struggle with turbulent project environments. Adding to that turbulence is a recipe for failure.

2. I want it NOW!

Schedule pressure dooms more megaprojects than any other single factor. When there is pressure to move a project along quickly from the outset, corners get cut and opportunists have a field day.

A classic case was a group of difficult deepwater petroleum developments that was put on a fast track when the CEO mentioned in a meeting with the financial community that the projects would go into production on a particular date. The project community’s reaction within the company was, “It can’t be done!” But that didn’t deter an ambitious vice president who saw an opportunity to ingratiate himself with the boss. He then set up a “daring and ambitious” program with an inexperienced contractor to deliver the projects in 70 percent of industry average time at 70 percent of industry average cost. The result was a program overrun of numerous billions of dollars, and a full four-year delay on the company’s largest and most important project.

No project should ever be deliberately slow. (If it really doesn’t make any difference when the project is completed, you probably shouldn’t be doing the project now anyway.) But taking risks with megaproject schedules is a fool’s game. Every megaproject has an appropriate pace at which the project can be developed and executed successfully. Furthermore, that pace is known with a fair degree of confidence early on if good practice is followed. If the economics of the project require an accelerated schedule, then the appropriate conclusion is that the project is uneconomic and should not be done. Unlike smaller projects, megaprojects cannot be used to “fill in a gap” in your production or “meet a market window.” When the calendar rather than the needs of the project drives the schedule, the project fails. We return to the issue of fast-tracking megaprojects in Chapter 5.

3. Don’t worry; we’ll work out the details of the deal later.

As a megaproject director friend of mine likes to say: “The deal drives the project; the project can’t drive the deal!” I would add that the project can drive the deal, but it never turns out to be a good deal. The business deal and the project have to develop together and inform each other, but the deal governs. The deal establishes the parameters and the priorities for the project. The deal determines the relative importance of capital cost versus operating cost and cost versus schedule. The deal also determines how big the scope can be.

Many megaprojects center around a deal between a resource holder (e.g., petroleum, minerals deposit) and a company with the technical expertise to develop that resource and sell the product. The basic contours of the deal between the resource holder and the resource developer must be decided quite early in the front-end development of the project. The deal is what will ultimately shape how money will be made, as well as how it will be divided. In the absence of the deal, the project is directionless. If project development continues without the deal informing its shape, the chances that the deal will never be struck increase. Furthermore, if the potential partners cannot agree fairly quickly on the shape of the deal, there may be something terribly amiss. Let me cite an egregious example.

A European company was developing a large project (~$7 billion) in the Middle East with a resource holder. The idea was that the resource holder would provide the feedstock at a discounted rate to promote industrialization and job creation; while the project was busy being developed and defined, the negotiations over the formula for this went nowhere. When we challenged the rationality of this situation with the company executive driving the deal, we were brushed aside with a “You don’t understand the Middle East.” Finally, the invitations to bid were issued and more than $250 million of the company’s money had been spent and the board of directors finally required a deal or no authorization. When there was no deal forthcoming, the company was forced to cancel the project and eat the loss. What was going on? The resource holder didn’t actually have the feedstock, and exploration efforts were coming up empty. Not wanting to lose face (and make their resource situation known to the world), they dragged their feet until the sponsor quit. They then publicly blamed the sponsor for killing the project and being an unreliable and untrustworthy company! And who is it exactly that doesn’t know the Middle East?

4. Why do we have to spend so much up front?

Every project professional worthy of the title knows that skimping on the front-end definition of a project is stupid. So when it comes to the biggest and most important projects that we do, we routinely skimp on the front end. Megaprojects—with so much at stake—are routinely less well defined at authorization than smaller, less important projects. The primary reasons are time (see Mistake 2) and money (see Mistake 1).

Depending on the specifics of the project, doing a thorough job defining and planning an industrial megaproject takes 3 to 5 percent of eventual total capital cost. Let’s be clear; on a megaproject that is a lot of money. The cost, however, of not spending the money is much, much more.

Senior managers are understandably concerned that if they spend, say, $100 million and the project is canceled, they are stuck with the bill. Even worse from their perspective, the $100 million is expense, not capital, and is therefore deducted immediately from earnings. However, when senior managers are faced with this situation as a realistic possibility, it is symptomatic of other problems.

Sometimes managers find themselves in this risk of loss position because the resource holder has deliberately set them up. Some resource holders want no decision points between the initial “memorandum of understanding” (which has no binding effect) and the full-funds authorization of the project. This is a simple bargaining ploy: The resource holder believes that if they can get the sponsors to spend enough money, the sponsors will be locked into the project whether or not they really want to be. This is a psychological example of the forward-going economics trap—that is, “throwing good money after bad.”

At other times, senior managers can find themselves in this dilemma because the cost of the project was not understood at the necessary and appropriate time. As we discuss at some length in Chapter 4, the eventual cost of the project should be known with a fair degree of assurance when only about 1 percent of total cost has been expended, not 3 to 5 percent. If management doesn’t have the stomach for spending 1 percent as pure risk money, they should not play the game. Spending that front-end money well is the subject of Chapter 10.

5. We need to shave 20 percent off that number!

One of the most counterproductive exercises in megaprojects is the “cost reduction task force” responding to management’s admonition to significantly reduce the cost of the project, usually within a few months of full-funds authorization. I have literally heard a vice president say, “You guys [meaning the project team] need to sharpen your pencils and get a billion dollars out of that estimate!” Those must be magic pencils, because in the real world, the cost of a project is inextricably linked to its scope, which in turn is a reflection of its intended functionality. Unless I change the scope, which means that some functionality has to give way, I cannot really change the cost estimate. But to change the scope would require another year or two before we are ready to authorize the project, which is, of course, unacceptable because of Mistake 2.

So project teams in this situation do one of two things: they change the assumptions underlying the estimate such as the cost and productivity of labor, prices for equipment, and so on, or they actually cut the scope knowing that it will all have to come back later to achieve the needed performance of the project. Either way, they are headed for a big overrun, and the savviest among them will be preparing to post their resumes so as not to be caught up in the scapegoating that will surely occur later.

6. The contractors should carry the risk; they’re doing the project!

A majority of megaprojects in most parts of the world are executed on some form of fixed-price contracts between the sponsors and one or more prime contractors. Rather than project professionals, the preference for fixed-price (lump-sum) contracting almost always comes from the business leadership or from the banks financing the projects. Their belief is that the contractual form will transfer the cost (and often schedule) risk from the sponsors to the prime contractor(s). And every once in a while, it actually does! Most of the time, however, relatively little risk is actually passed, but a substantial premium is paid nonetheless.

There is a simple and unavoidable problem with wholesale risk transfer from sponsors to contractors: the contractors cannot actually carry the risk on a megaproject. The firms that engineer and construct industrial projects are variable-cost firms with very little in the way of fixed assets. Their balance sheets are not loaded with capital assets, and generally the cash they have on the balance sheet is needed for working purposes. They earn by selling the services of people rather than via the production and sale of products. This simply means they cannot possibly carry the kinds of losses that can and do occur on megaprojects. As a consequence, given the preference of business leaders and banks for lump-sum contracts, the engineering and construction firms have become very adept at taking on lump-sum contracts with loopholes or bidding so high that the risk is manageable.

Most of Chapter 11 takes up the issue of how to match the contracts to the situation rather than the situation to the contracts. However, the belief that lump-sum contracts establish a ceiling on what sponsors will pay for a project is to completely confuse a ceiling and a floor. No sponsor has ever paid less than the value of the lump-sum contract, but many, many a sponsor has paid much more.

7. Fire those #$@$^! project managers who overrun our projects!

Beating up project managers who overrun capital projects is a blood sport that certainly dates back to the Great Pyramids. However, it’s a bit of fun that comes with a very high price tag for the business.

I have been looking at capital projects now for more than 30 years. I have met hundreds of project directors and managers of all sorts and descriptions. I have yet to meet one who starts the day by asking, “What can I do today to screw up my project?” I have met some project directors who struck me as hopelessly incompetent, but very few of those were working on megaprojects. Large cost overruns on major projects can almost never be honestly laid at the door of the project director.

I will never forget a very long morning I spent with the CEO of a large international oil company. Much of our discussion that morning focused on why it was inappropriate and counterproductive for him to personally browbeat project managers who overran their projects. I finally concluded the discussion this way: “If you beat up the project managers for overruns, they will find ways to hide money so you can never find it. If they don’t, you have hired a bunch of morons. And morons don’t do projects well either!” As I walked down the corridor after the meeting, the vice president responsible for exploration and production turned to me and said, “Ed, now you see what we’re up against.” I left that day knowing that I had lost the argument, and 15 years later, the company’s engineering department, led by a former contractor, focuses most of its effort on finding where the project directors have hidden the money.

The previous seven megamistakes are not mutually exclusive; they can and do show up together in many combinations. However, any one is usually sufficient to doom a project to failure.







PART ONE

Understanding the Projects





CHAPTER 1

Megaprojects—Creators and Destroyers of Capital

If you have spent much time hiking in the woods, you have probably had that uncomfortable occasion when, after walking for several hours, perhaps chatting with a friend along the way, you suddenly realize you have absolutely no idea where you are or how long it has been since you knew where you were. Many a megaproject director has encountered that same feeling while trying to bring a large and complex project safely home. This book seeks to explain how and why we so often find ourselves lost when trying to develop and execute very large industrial projects. If we can understand how and why we tend to get lost, we will better recognize when we are leaving the trail, find our way back if we do get lost, or at least know when to plead for directions.

Industrial corporations create their capital assets primarily through projects. The first decade of the twenty-first century has seen more very large and complex projects executed by the process industries—oil, chemicals, minerals, and power—than any comparable period in human history. These projects satisfy the world’s demand for energy, metals, chemicals, and other products. Without them, modern society as we know it could not exist.

Projects have increased in size and complexity for a number of reasons: easily accessed resources close to markets have largely been depleted; international oil companies must venture into deep water and other difficult environments because national resource holders control more easily developed oil and gas; and chemical companies seeking lower-cost feedstocks need to exploit economies of scale to compete globally and often must go to the source of the feedstocks to make the project viable. The need for extensive infrastructure development means that many projects will have to be very large to spread the infrastructure costs over a wide enough base of beneficial production to be economic.

As the projects have increased in size and complexity, they have become much more difficult to manage. Cost overruns, serious slips in completion schedules, and operability problems have all become more common. Many of these very large projects end up being disappointing to their sponsors; a fair number turn out to be massive destroyers of shareholder wealth; and a few are horrendous with respect to anything and everything involved—the investing companies, the local population, and the environment. When megaproject disasters become public knowledge, which is rarely the case, they damage reputations and even jeopardize continued existence.a

The research program of Independent Project Analysis, Inc. (IPA) on megaprojects over the past five years shows clearly that virtually all of the poor results of these projects constitute self-inflicted wounds. The sponsors are creating the circumstances that lead inexorably to failure. And that is profoundly good news! Problems we cause ourselves, we can fix.

Who Should Read This Book?

Anyone with responsibility for large, complex, or difficult capital projects will find things of interest in the pages that follow. My particular goal is to help those who sponsor, direct, or work on large projects guide the projects to safe and successful outcomes. My special focus is on what I call “industrial megaprojects”—very large projects sponsored by the petroleum, chemicals, minerals, power, and related industries.

Anyone interested in complex projects, even if they fall far short of megaproject status, will find the story of these projects informative to their situation. Most of the basic principles of doing megaprojects well are the basic principles of doing all projects well. Megaprojects display some attributes that are common to megaprojects and uncommon in smaller projects, and we will focus our attention on those. But if the reader is interested in projects, megaprojects will always be fascinating.

I very much hope that members of boards of directors of companies that sponsor megaprojects read this book. To be blunt, when it comes to the governance of large projects, most boards strike me as brain dead. They are not asking the right questions, and they are not asking questions early enough in the process to deter bad decisions.

Those who finance major projects should find a great deal of interest (forgive the pun) in the book. In many respects this book is all about large project risk, which is a key concern for banks and others involved in project finance. It is my observation that bank financing often increases cost while doing nothing whatsoever about project risk.

Those who are concerned about the management of the modern publicly owned industrial corporation and teach others about how it should be done will also find this book interesting, and perhaps very disturbing. The failure of these projects is symptomatic of the core problems of the modern firm: too much outsourcing of key competencies, poorly informed decision making, a woeful lack of accountability for results, and a pathological focus on the short term at the expense of the long-term health of the corporation and its shareholders.

What Is an Industrial Megaproject?

The projects that are the subject of our research are a subset of all projects and even a subset of large projects. We focus on industrial megaprojects. By industrial, we mean projects that make a product for sale, for example, oil, natural gas, iron ore, nickel, gold ingot, diamonds, and high-volume chemicals. All of the projects under scrutiny were intended to make an economic profit, at least eventually, for some if not always all of the sponsors.b By confining ourselves to industrial projects, we have excluded several classes of important projects: military developments, purely public works and transportation projects, monuments, works of art, and so forth. By excluding these sorts of projects we have excluded some megaprojects from our analysis. We have a couple of reasons for doing so:


	Confining ourselves to projects that are intended to make money simplifies the task of assessing outcomes, not necessarily simplifying the range and complexity of objectives in the projects. Although it is true for almost all of our projects that someone wanted and expected to make money on the result, it does not follow that all of the sponsors expected to make an economic profit. Some were motivated by jobs creation, political ambition, general economic development, and other “public” goals. These “mixed motive” projects as we call them are an interesting class and pose challenges for for-profit sponsors.

	Having some economic profit motive disciplines and constrains the objectives of the projects in important ways. Some public works projects have objectives that are hard to fathom by mere mortals. Some military acquisition programs appear to continue almost solely on the strength of political patronage long after the military rationale has become obsolete or discredited.c And some “prestige projects,” such as the Concorde supersonic transport, have objectives that must forever be in the eye of the beholder. Who is to say whether prestige has actually been enhanced, and was it by an amount sufficient to justify the opportunity cost of the project? Industrial projects tend to have at least some nicely tangible objectives.



What makes an industrial project an industrial mega project? Megaprojects, as the name implies, are very large. To provide a simple and simply applied definition, we are defining a megaproject as any project with a total capitald cost of more than $1 billion (U.S. dollars) as measured on January 1, 2003. In 2010 nominal dollar terms, that would amount to about $1.7 billion due to the effects of rapid escalation in project costs in the last decade. One can reasonably object that this definition is simplistic; it totally disregards the effects of complexity (however measured) and the project environment on whether the project is a megaproject. The objection is noted but must be dismissed. If we include consideration of aspects other than size in our definition, we forfeit the ability to examine the effects of those aspects on the outcomes and management of our projects. One can also most certainly object that the $1 billion criterion is completely arbitrary. Why not $500 million or $2 billion? Yes, the $1 billion figure is arbitrary, but it is somewhat less arbitrary than it may seem. In the neighborhood of a billion dollars is where we see project outcomes begin to deteriorate sharply.

Why Study These Projects?

There are four compelling reasons to study and understand megaprojects:


1. There are many more of them than in times past, and this will continue for decades to come.

2. These projects are important. They are important to the societies in which they are being done; they are important to the health of the global economy; they are important to the sponsors and others putting up huge amounts of money.

3. These projects are very problematic. They are failing at an alarming and unsustainable rate.

4. There is not much published that speaks directly to the types of projects considered here.



I will discuss each of these reasons to worry about megaprojects in turn.

Increasing Numbers

Industrial megaprojects have become much more common. For much of the 1980s and virtually all of the 1990s, there were few very large projects, even in the petroleum industry. The Norwegian and UK North Sea had been home to a number of megaprojects in the 1970s. These projects had a very difficult go, and without the rapid rise in crude oil prices in the wake of the overthrow of the Shah of Iran, almost none of the megaprojects in the North Sea would have been profitable ventures.1 Most of the megaprojects that had been in planning stages in the late 1970s died abruptly when commodity prices fell in the early 1980s.

However, a number of factors have converged to make megaprojects much more common in the first decades of the twenty-first century, and these factors give every indication of being enduring drivers of very large projects. The first factor driving the current wave of megaprojects has been the rapid rise in the demand for almost all major commodities; iron ore, coal, copper, and petroleum have all experienced very rapid increases in demand (and therefore price) since 2003. Previously, most prior commodity price fluctuations had not been synchronized; prices might rise for one or two metals, oil and gold prices might rise for political reasons, but not all at the same time. The underlying common driver this time was the rapid industrialization of China and India in the context of reasonable overall global growth. None of the major commodities are actually facing imminent global depletion; however, most are facing upward sloping long-run marginal costs.

The different commodities have had somewhat different drivers for large projects:


	Opening up a new major mineral ore body has long been expensive. Most major new mines today are in places that require major infrastructure development to be practicable. When a good deal of infrastructure is needed, the production volume must be very large to spread those infrastructure costs across a broad enough base for the venture to be profitable. This makes large size the only avenue to development.

	Crude oil is a special case, at least partially. A large portion of oil that remains relatively inexpensive to produce is held by state companies.2 To stay in the oil business, international companies have been pushed quickly into places where oil is difficult and costly to develop, usually deep water. International companies also have gained access when reservoirs are difficult to produce, for example, offshore heavy oil production in Brazil, very heavy oil onshore in Venezuela, the very sour oil and gas reservoirs in the Caspian area, the very harsh climate off western Russia, or in inaccessible areas such as central Africa. As a consequence, the marginal capital costs of production have increased very rapidly for these companies. This translates into a dramatic increase in the number of international oil company megaprojects.

	Finally, rapid changes in the global economy have driven basic chemical companies to shift more of their manufacturing to fast-growing Asian economies. They have also sought to gain feedstock cost advantage by moving manufacturing to countries offering feedstock below world open market average prices to attract production facilities, mostly in the Middle East.e



IPA’s projection of industrial megaproject activity excluding power is shown in Figure 1.1. The graph shows the number of dollars spent each year from 2000–2009 on megaprojects in the oil, chemicals, and minerals industries outside China. The pace of megaproject activity in the middle of the first decade of the twenty-first century was so brisk that it triggered rapid global escalation in EPCf services and equipment markets. From 2004 until the boom ended in 2008 with the global financial crisis, the megaprojects market expanded at a rate of 24 percent per year. IPA’s forecast for the next four years exceeds that growth rate even in constant U.S. dollar terms.g By 2012, we expect to be spending at a rate of nearly $200 billion per year on industrial megaprojects outside China and excluding the electric power generation sector.


Figure 1.1 IPA Forecast of Industrial Megaproject Activity, 2000–2013
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Megaprojects Are Important

Without the industrial megaprojects in the extractive and manufacturing sectors, global competition for resources, which is already very intense, would become unmanageable. Although one can reasonably question whether extractive projects have been a net boon for less developed economies that hold large supplies, one cannot doubt that the overall megaproject effect on global economic growth has been substantial. Megaprojects are responsible directly and indirectly for millions of jobs around the world, and without the many megaprojects we have seen over the past decade, global prices for virtually all major commodities would be much higher with all the attendant economic dislocation.

For the sponsors of megaprojects, success or failure of the project can mean the success or failure of the company. For all except the largest oil companies, a serious failure of a megaproject puts the company’s future in jeopardy. Megaprojects are increasingly seen as essential to being competitive, but in many cases the skills needed to effectively develop and control these projects have not developed in tandem with the need.

It is also important to remember that the success or failure of these projects is often critical to the societies in which they are developed. Megaprojects place a good deal of stress on local communities. When they fail, and especially when they fail completely, the local communities suffer irreparable damage.

Megaprojects Fail Too Often

Megaproject results are frequently seriously short of the expectations of the sponsor-investors. Their cost overruns are often so significant that the whole project becomes NPV negative.h Their schedules often slip, and early-year operability, which has a disproportionate effect on profitability, is frequently very poor. Occasionally, the projects produce environmental disasters as well. As we will show, these results are not inherent in the nature of the activities. They are instead, caused by human decisions, ignorance, and uncontrolled, but controllable, human failings. These projects can be fixed.

The Literature Is Sparse

This book is needed because, despite the many thousands of pages written on the management of projects, very little of the literature addresses the peculiar nature of very large and complex projects as a class. There are some notable exceptions. Morris and Hough explored a set of eight very large public and private projects in 1987.3 Like us, they concluded that the success rate is quite disappointing. We build on their path-breaking work. Miller and Lessard4 and their colleagues explore what they call “large engineering projects,” focusing on the development of new institutional arrangements. Their discussion of the process by which turbulent project environments might be settled is a key starting point for our own discussion of the shaping process in Chapter 4. We focus much less on the creation of new contractual forms, such as build-own-transfer (BOT), simply because we have seen very few of these “new institutional arrangements” actually function as advertised. Our data, which are considerably deeper than that found in Miller and Lessard, flatly contradict the effectiveness of certain arrangements, such as incentivized contracts, which they tout as successful.

Flyvbjerg, Bruzelius, and Rothengatter make the most recent major contribution to the megaprojects literature, focusing primarily on very large infrastructure projects executed by the public sector around the world.5 Although we share some of the same conclusions about these projects, public infrastructure projects are in many respects quite different than the projects explored in this research. Public infrastructure projects share many of the pathologies common in other publicly funded projects, such as military acquisition. They are frequently beset by a phenomenon known as “buy-in and hook,” in which low costs are promised early, knowing full well that the eventual costs will be much higher. Although this sort of deception is not unknown in private sector ventures, it is not very common, simply because there is usually no taxpayer available to foot the bill later.

The Organization of This Book

I have organized this book in three parts. Part One introduces the IPA megaprojects database and describes the research process that underpins this book. I seek to provide enough about methodology to satisfy the methodologically oriented reader without boring others to a stupor. I then present the track record of industrial megaprojects, summarizing the 300-plus large and complex projects we have studied to date.

Part Two deals with corporate decisions that relate to megaprojects and the behavior of senior management as it affects megaproject outcomes. This section deals extensively with what Miller and Lessard6 call the “shaping” of megaprojects. It focuses on some brilliant examples of business leaders making an inherently unstable environment strong enough to permit a successful megaproject to be executed. But it also focuses on the decisions that corporate managers make that have devastating consequences for their projects without their ever fully understanding what went wrong. Business professionals who touch capital projects need to read Part Two to avoid being the root cause of trouble and to see what has worked well in situations similar to those they face. Project professionals need to read Part Two to understand how they got into this mess and what they might do in the future to elevate problems when mischief is being created by their bosses. Part Two will also be of interest to those concerned with how industrial corporations are being managed and mismanaged.

Part Three is written more for the project professional. It focuses not just on what needs to be done to make these big projects successful but on why those things are crucial. Many of the practices required to generate successful megaprojects are resisted by business management because they are apparently expensive and time-consuming. When the project team understands why certain practices are critical based on the actual history of megaprojects, they are better able to persuade reluctant managements to do the right things. The first chapter of Part Three addresses one of the most common root causes of megaproject failure: inaccurate or incomplete Basic (technical) Data. As I was tallying up the causes of failure in these projects, I was surprised to see the number of times that Basic Data problems occurred. Because the Basic Data development often needs to start long before the project gets fully going, the Basic Data chapter should be read by the business professionals, who often control the funding for Basic Data development, and by the research and development (R&D) and technical specialist community that often do not consider themselves part of “project management” but who usually do the Basic Data development.

Respecting Confidentiality

Some of the readers (I sincerely hope) will have been directly involved in the megaprojects that underpin the conclusions of this research. When I have offered examples, I have tried to select cases that are not unique and in some cases I have masked the cases enough to ensure that no individual project for which we have conducted a closeout evaluation can be identified conclusively. This is necessary to meet our obligations of confidentiality to the people and companies involved. When any project is mentioned by name, it is based solely on publicly available information.

If you are certain that I am discussing your project in a particular example, let me offer this caveat: several years ago, I wrote a volume of 20 case studies of new technology projects for the DuPont Company. Many of the projects had disastrous outcomes, but some were brilliant successes. In the introduction, I carefully explained that none of the projects summarized in the volume were DuPont projects, because the DuPont new technology projects would be covered in a separate volume. Nonetheless, for the next six months I had DuPont business and project professionals stop me in the hall while I was visiting the company and comment something like this: “You did a pretty good job summarizing my project, but you got a couple of the details wrong. . . .” This reflects a well-known fact: We humans have been making a hash of projects for a long, long time.

aThe failure of BHP’s Hot Briquetted Iron Project in 1999 contributed to the company losing more than half of its market value. The $10-plus billion overrun of Shell Sakhalin-2 Project damaged Shell’s reputation and created an excuse for the Kremlin to nationalize a large portion of the project. The structural failure of BP’s Thunder Horse semi-submersible platform in 2005 in the U.S. Gulf of Mexico was an important element in a series of stunning setbacks for the company. Most megaproject disasters, however, remain carefully private—while sometimes wearing a very different and well-contrived public face.

bA few of our projects were undertaken with the explicit expectation that they would make little or no economic profit but would facilitate highly profitable projects later. These projects bear the dubious title “strategic,” a subject to which we return in Chapter 4. The term sponsor is reserved for those organizations that claim formal ownership of a project by virtue of their economic investment in the project. Those investments could occasionally be in-kind or deferred but usually indicate monetary investment in the cost of the project.

cFor example, long after a superior option had emerged, the U.S. Air Force B-1 Bomber program continued due entirely to political influence. “B-1 Problems, if reparable, could cost $3Billion,” the Boston Globe, February 13, 1987. The V-22 Osprey aircraft program not only overran its budget colossally, but it also suffered repeated crashes . . . but continued anyway. “Assessments Needed to Address V-22 Aircraft Operational and Cost Concerns to Define Future Investments,” GAO-09-482, May 2009.

dBy capital we mean the costs for materials, engineering, and construction labor associated with completing a project. We exclude venture costs associated with setting up the permanent operating organization at the site or in some cases for the new company. In frontier environments, these venture costs can be quite substantial, in some cases more than 20 percent of the capital costs of the venture. We also do not explicitly evaluate operating costs, although we do keep track of when operating costs end up substantially higher than expected in these projects. The sponsors should, of course, be looking at total costs of the venture and should do so on a life-cycle basis to the extent that the data permit.

eHigh natural gas prices have pushed a good deal of basic chemical manufacture out of Europe and the United States. Natural gas prices control the prices of ethane and propane, which are feedstocks for building block commodity chemicals such as ethylene and propylene. The situation in the United States may be stabilized by the advent of shale gas, which has substantially lowered natural gas prices. It is even possible that we will see some reversal of the decline in commodity chemicals in the United States if prices remain low. The situation in Western Europe shows no signs of reversal anytime soon, as natural gas is largely imported and relatively expensive.

fEPC is shorthand for engineering, procurement, and construction. It refers both to the activities and to the industry that supplies these services to the megaprojects marketplace.

gIPA’s forecast is based on projects in development by our clients that we are highly confident will be authorized for execution. This is then extrapolated to nonclient companies based on 2009 capital spend. This forecast was completed in May 2010; major economic changes between then and publication may perturb the forecast in either direction.

hNPV, of course, refers to net present value, which is a measure of the economic returns from an investment with future profits discounted for the effects of time.





CHAPTER 2

Data and Methods

Research on capital projects, especially in the private sector, is sorely hampered by the researcher’s lack of access to data and the people who created those data. In these regards, IPA is enormously fortunate; we have access to both the written record of projects and the people who developed and executed the projects as part of our normal project evaluation work. In the course of a year, we evaluate 700 to 800 capital projects in the process industries. There are typically 40 to 60 megaprojects in that set of evaluations.

The Timing of Data Acquisition

IPA’s data collections are synchronized with a company’s staged and gated project work process. The typical arrangement of such a work process is shown in Figure 2.1. The usual work process is arranged into three to five phases prior to full-funds authorization (sanction) of the project. The three-phase front-end arrangement, which is the most common, is shown in the figure, along with the various names that are widely used by different parts of the industry.a The first row of names below the figure are those used mostly by the oil industry; those listed in the second and third rows are those used commonly by the chemicals and minerals industries, respectively. For the most part, the meanings of the stages are very similar, even if the names are not.


Figure 2.1 Three Phase Front-End Loading Model
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We call the period prior to sanction of the project front-end loading, or FEL. We provide a quick overview of the “stage-gated” project work process now in order to ground the reader. The subject recurs multiple times in much greater detail in other parts of the book.

FEL-1 is devoted to the development of the business case and sorting out the basic feasibility of a capital investment. Among more disciplined (read “better managed”) companies, the paramount issue for this phase is whether the type of investment contemplated in the locale envisioned is consistent with the company’s overall business strategy. FEL-1 should be used to winnow down the range of possible projects to a manageable few to be explored in the next phase. The issue of whether a particular project is consonant with the company’s strategy is very important for megaprojects. To be successful, megaprojects require much deeper corporate support than do smaller projects. Sometimes this is in the form of technical support; sometimes it is in the form of senior management’s willingness to intervene on behalf of the project when difficulties arise.b Companies sometimes have IPA evaluate the completeness of the business case package as the FEL-1 phase is drawing to a close.

The gate monitoring passage from FEL-1 to FEL-2, scope development, is the least well managed of all the gates. In too many companies, what would constitute an acceptable package for this gate is not well established. Too often, the businesses that staff the gate do not hold themselves to particularly high standards. This weakness in the FEL-1 stage foreshadows the weakness we see in the shaping process for megaprojects, which is a greatly expanded and enriched version of the FEL-1 work process.

FEL-2 is the scope selection and development phase of a project. If it was not already commissioned during FEL-1, a core technical team is now formed. The team seeks to translate the proto-project as envisioned in the business case into a real project with a physical scope, albeit all on paper (or in electrons) at this point. The definition of all elements of the scope with completed flow diagrams for all facilities marks the end of the FEL-2 phase. This is a critical juncture for the project because it is now, for the first time, that a reliable cost estimate for the project can be developed. The reliability of that estimate hangs heavily on the completeness of the scope developed.

IPA usually evaluates a project at this point to assess whether the scope is actually closed and to benchmark the competitiveness of the cost estimate and preliminary execution schedule.

The third phase of the front-end process, FEL-3, involves advancing engineering to a point where detailed design can be fully mobilized and advancing the execution planning to the point that execution can proceed without changes. This final phase of FEL is expensive for any project and very expensive for megaprojects. As a consequence, very few projects are halted once they begin the FEL-3 phase. IPA typically conducts a full evaluation of a project at the end of FEL-3 just before full-funds authorization.

Each of the IPA front-end evaluations is designed to support the management decision about whether a project should proceed to the next phase; continue in the current phase; or be stopped, shelved, or canceled. The final IPA evaluations of a project occur after the completion of commissioning and startup of the project and then 12 to 18 months later to assess production performance. If an evaluation is not performed at any point, we collect the data that would have been collected at the skipped stage at the next evaluation point.

The Data Collection Process

We collect all data except production information with a series of face-to-face interviews with members of the extended project teams augmented with a large number of documents. We employ a set of standardized electronic data collection protocols and train project analysts on the use of the protocols and interpretation of the questions in an extensive classroom and on-the-job program. By the time a project is complete, depending on the complexity of the project, we will have collected the answers to between 2,000 and 5,000 questions about the development, execution, and startup of the project facilities.

The training programs for project analysts are key to ensuring the greatest possible consistency of data. Trained analysts can explain what the questions mean to those providing the answers. We train analysts for particular types of projects, for example, minerals mining and processing, petroleum production, chemical process facilities, and so on. Senior and highly experienced analysts evaluate the megaprojects, which often pose significant data collection problems. Unlike smaller projects, megaprojects are frequently highly political in the general sense of that term. Careers can be made not only by bringing a megaproject to a successful conclusion but by merely getting a megaproject successfully to authorization. Because of the political nature of the projects within the companies, we are more likely to encounter gamesmanship in the data collection process for megaprojects than other types of projects.

The IPA Megaprojects Database

The IPA database consists of 318 megaprojects. The industrial sectors involved are shown in Table 2.1. About 40 percent of the projects are oil and gas production projects. Just over two-thirds of the oil and gas projects have their primary production facilities offshore, often in deepwater areas. Many of the offshore projects also had a substantial onshore component. This is important because the construction of onshore facilities and offshore projects present different challenges. Offshore environments heavily penalize failure to complete work in the fabrication yards. If far from land, they pose significant logistics challenges. However, offshore projects benefit from being out of sight and therefore not constantly in public view. The second largest group of projects involves the processing of hydrocarbons. These include both petroleum refining projects and large oil or gas processing facilities that were not executed in conjunction with a new production project. Minerals and metals projects constitute about 15 percent of the sample. Most of these include both a mining and a processing facility. In general, those that involve only mining and transportation of the ore to shipping are technically easier than those that also process the material. Basic chemicals, liquefied natural gas (LNG), long major pipelines, and power generation round out the set. The “other” category consists of terminals and projects that defy easy classification.c

Table 2.1 Breakdown of Industrial Sectors in Database




	Industrial Sector
	Number
	Percent of Sample





	Oil and gas production
	130
	41



	Petroleum processing and refining
	66
	21



	Minerals and metals
	47
	15



	Chemicals
	31
	10



	Liquefied natural gas (LNG)
	24
	8



	Power generation
	8
	3



	Pipelines
	7
	2



	Other
	5
	2



	Totals
	318
	1001





1 Does not add up to 100 percent because of a rounding error.

Locations of the projects are shown in Figure 2.2. The projects are fairly well distributed around the globe. The sample in Central Asia (including Russia) is relatively small, but the projects themselves tend to be very large and are centered around the Caspian Sea. The U.S. projects are primarily oil and gas developments in the Gulf of Mexico and Alaska. We have a very good sample of South American projects drawn both from a number of national companies and the private sector. All of the industrial sectors are represented in the South American sample.


Figure 2.2 Geographical Breakdown of Projects
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The only area that could be described as seriously underrepresented is China. Although there are a good many Chinese projects in the dataset, almost all are joint ventures with Western companies rather than Chinese firms acting alone. The sample of projects in Africa includes oil and gas developments from both North and West Africa and predominantly minerals projects from the southern area. Similarly, the Australia/Papua New Guinea sample is split between minerals and petroleum development.

The projects range in size from about $1 billion to almost $20 billion, measured in 2010 U.S. dollars. The average project cost about $3.2 billion and took 43 months to execute, which is measured as the time from full-funds authorization to completion of all facilities. The average cycle time, measured from start of scope development through the startup, averaged 66 months and took more than 10 years in a number of cases. In the case of petroleum production projects, the first phase of drilling may not have been complete when we stopped the clock on the project.

Company Representation

The companies represented in the sample are a good cross section of the process industries. The sample is described in Table 2.2. The oil, chemicals, and minerals industries are very well represented, with both national and international oil companies in the mix. Eight companies were represented by more than 10 projects. Not surprising, the companies in the best represented groups include almost all of the leading companies in their particular sectors. Not shown are a number of single-project joint venture companies. Perhaps quite surprising to some, company size in no way predicts success and failure of projects. Large and powerful companies fail at least as often as smaller firms. Of course, that may reflect the fact that a failed megaproject can be the end of a smaller firm, whereas it merely wounds the largest companies.

Table 2.2 Types of Sponsoring Companies in Database




	Industrial Sector Category
	Number of Companies Represented





	Integrated international oil companies
	10



	National oil companies
	13



	Nonintegrated petroleum producers
	10



	Regional refiners
	5



	Chemicals companies
	18



	Mining, minerals, and metals
	14



	Electric power companies
	4



	Pipeline companies
	3





Use of New Technology

Our most general scale describing the degree of technological innovation embodied in a project is shown in Table 2.3.d Almost half of the projects in our sample employed technology that had been used before in similar applications, which we dub off-the-shelf. To describe technology as off-the-shelf does not imply that the project was in any sense a clone of another. Only a handful of projects were approaching clones. And being off-the-shelf does not imply that the technology is simple. Many of the standard technology projects employed the technology at a scale that had never been attempted before. However, using technology with a track record of successful application does remove one source of risk and challenge for the project teams.

Table 2.3 Comparative Innovations




	Degree of Technological Innovation in Core Technology
	Megaprojects (%)
	Other Projects (%)





	Off-the-shelf
	49
	76



	First-time integrations of known technology
	15
	14



	Minor process modifications
	20
	6



	Major process modifications
	9
	2



	Substantially new technology
	6
	3



	Total numbers of projects1
	318
	12,849





1Due to rounding, the percentages do not add up to 100.

Another 15 percent of our projects used standard technology but in a mix that was novel. These new integrations increase the engineering challenge associated with the projects, but they are not otherwise a major source of risk.

The remaining 35 percent of the projects introduced at least some element of technology that had never been applied before. We call an innovation minor if it affects only a single step in a process and the step is not core to the functionality of the technology. Minor modifications are genuine improvements, but with relatively little risk attached because they are isolatable.

The projects in the last two categories took on substantial new technology risk. Major process modifications involve a change to the core technology, whereas “substantially new” is reserved for cases in which a wholesale change of the technology is involved. For example, the first use of a petroleum platform concept, such as a tension leg platform or spar production platform, would be considered substantially new. In processing technology it would involve the introduction of a new chemical process or the processing of a particular type of feedstock for the first time.

The last column in Table 2.3 shows the degree of innovation in non-megaprojects in IPA’s databases. What it tells us is that megaprojects are much more innovative than smaller projects. In the right-hand corner we show the probability that with repeated tries we would get this degree of difference in innovation as a matter of chance.

Methodology

The methodology used for this research was quite straightforward and contains two significant parts: statistics and case study root cause analysis. We discuss each in turn.

Statistical Analyses

For more than two decades, IPA has been exploring what makes projects succeed and fail. That research provides the conceptual framework from which we proceed to establish and test hypotheses about the relationships between project characteristics and project development practices on one hand and project outcomes on the other. The overall purpose of the effort is to provide our customers with the basis for using statistical process control as the primary method with which to manage their capital project systems. Almost from the beginning of our research,1 we have explored the relationships between project size and complexity and project outcomes, noting that outcomes tend to deteriorate as a function of size and complexity.

The conceptual understanding as it exists at any point in time guides our statistical analyses. Most of our “aha!” moments come not from statistics but from seeing something occur in an individual project, recognizing a pattern with other projects, and only then checking our supposed insight with the data.

The testing of hypotheses is one key role for statistics. The other is building statistical models that enable us to compare project outcomes in a meaningful way. If one seeks a reasonably high degree of precision, comparing projects is actually quite difficult. No two projects are exactly the same, and across any large database of projects, the projects will usually be very different along a number of dimensions that are important to project results. Statistical models facilitate valid comparisons, even for quite disparate projects. Using statistical controls we can control for key characteristics such as size, technical complexity, the degree of technological innovation, process type, and so forth, while comparing cost, schedule, operability, or even construction safety. Statistics enable us to “hold constant” inherent project characteristics while exploring the effects of practices, including both business and project management practices, on project results.

A variety of statistical techniques have been used to test and demonstrate that various relationships are not likely to have been generated randomly. We use ordinary least-squares regression, t-tests, logit and probit regression when binary dependent variables are involved, Pearson product-moment correlation, and the Pearson chi-square for testing differences in tabulation tables.

Table 2.4 shows how the various test results will be noted in the text and footnotes as we proceed. We show the results of the statistical test that supports a statement and indicate the type of test performed. For example, “P > |t| < .001” means that the probability of generating the result randomly with repeated tries is less than 1 in 1,000 based on a t-test or coefficient t-ratio from a regression. This enables the methodologically sophisticated reader to judge the basis on which the conclusion is reached. Fortunately, in most cases, common sense works as well as the statistics. Following standard procedure, we call results statistically significant only when the probability (using a two-tailed test except where noted) is less than or equal to 0.05.e

Table 2.4 Statistical Test Used in Analysis




	Technique
	Test Statistic
	Notation





	OLS or t-test
	t-ratios/t-test
	P > |t| < .0XX



	Logit or probit regression
	z-ratio
	P > |z| < .0XX



	Pearson correlation
	r
	P > |r| < .0XX



	Tabulation
	Chi-square (χ2)
	P > |χ2| < .0XX





Root Cause Understanding from Cases

The typical megaproject in our database has thousands of variables that have been coded from our completed interview protocols and supporting project documents. These supporting documents often include the “lessons learned,” developed by the project team. The strengths and weaknesses of those lessons learned are discussed in later chapters.

The preceding information is augmented and fleshed out by our analysts in case study write-ups, done for every project collected, large or small. For megaprojects the case studies are quite extensive and focus on what happened and why. These case study notes are based on in-depth and wide-ranging discussions with members of the project teams and the business leadership of the projects. Much to our continual surprise and delight, project directors and managers are overwhelmingly forthcoming and forthright about their completed projects. Without their cooperation, this book could not have been written.

Some Methodological Notes

Escalation Adjustments

Unlike many project researchers, IPA measures capital cost and cost growth in costs in constant currency terms. If the effects of inflation on costs are not removed, it is impossible to really understand project results. When it comes to measuring cost and cost growth, most project researchers fail to follow basic sound practice.

A simple example will clarify how important this is. Let’s say a natural gas processing facility is estimated and authorized on January 1, 2004, for exactly $1 billion. Included in the cost are $50 million for inflation. The project is completed on schedule on January 1, 2008, for a cost of $1.4 billion—a massive 40 percent overrun of the costs, right? Well, yes and no. In the period between 2004 and the beginning of 2008 the costs of the items going into a gas plant increased by 52 percent on average around the world. The cost of the equipment, the pipe, the engineering, and in most places the craft labor increased quite rapidly during this period. Was the estimator’s inclusion of “only” $50 million for inflation the problem? Yes, but the $50 million was entirely reasonable; for the 15 years prior to 2004, project inflation had been averaging only a percent or two per year. When measured correctly, the project actually came in just about where it should have. On the other hand, if the price of the product being sold from this gas plant has not escalated along with the cost of the plant, the sponsor is going to earn a significantly lower return than expected. From a methodological viewpoint, the problem of reporting our gas plant as having suffered a 40 percent overrun is clear: there is absolutely nothing that the project team could have done differently to prevent an overrun. In the same vein, there is no reason to think that those making the decision to invest in the facility should have been able to anticipate the sudden change in the projects marketplace. Therefore, if we are trying to explore the relationships between investment decisions and project practices and outcomes, failing to correct for escalation will leave us forever bewildered. It is very unfortunate that too many researchers studying capital projects do, in fact, fail to do so.

In addition to adjusting cost for the effects of inflation (usually called escalation in the project business), we also adjust for the effects of location when we are measuring cost-effectiveness. For example, building a plant in China is generally cheaper than building the equivalent plant in the United States or Europe. Not only is craft labor less expensive, almost all items that are purchasable in China will be less expensive than the same items in the United States or Europe. Specialized equipment that must be imported is not subject to extraordinary taxes in China and can therefore be purchased on the world open market. Only the costs of any expatriates sent by a foreign sponsor will add to costs in China relative to most other parts of the world. Therefore, to make apples-to-apples comparisons of cost, we adjust the various input costs up or down depending on the location in which they must be purchased. We are careful not to overadjust either. If the decision is made to purchase items locally that can be purchased for less on the world open market, that added cost is not adjusted unless the local purchases are formally mandated.

Finally, we correct for changes in foreign exchange relationships as they apparently change the cost of a project. Almost all megaprojects buy things from all over the world. When the final estimate before authorization is prepared, a set of assumptions must be made about the value of the different currencies in which things will be purchased. Unexpected changes in foreign exchange can make a project substantially more or less expensive unless the currencies are hedged, which is an uncommon practice.f Like escalation, however, currency fluctuations are notoriously difficult to predict.

Sample Bias

Is our sample of 318 industrial megaprojects really representative of all industrial megaprojects executed over the past 15 years? That question is important in some contexts and less important in others. If we are discussing what all recent industrial megaprojects look like, then the question is very important and the answer, alas, is “no.” We are not particularly concerned about any potential effects of the mix of industrial sectors represented for a very simple reason: the industrial sector in and of itself appears to have little, if any, effect on how the projects turn out. Differences between sectors can be accounted for by differences in practices. However, we have a couple of reasons to suspect that our sample of megaprojects is on the whole better in terms of outcomes and management than industrial megaprojects as a whole.

First, companies that subject themselves to systematic benchmarking are generally more capable project companies than those that do not. We can infer this in many ways. For example, we know that the companies that benchmark their projects with IPA suffer about one-tenth the number of construction accidents as the overall construction industry norms. We know that companies first starting benchmarking have project outcomes that are significantly poorer than those that have benchmarked for more than a few years.

Second, we know that even the companies with which we have worked for many years will sometimes find excuses not to close out a project that had particularly horrid outcomes. The excuses range from the specious “That project really isn’t representative!” to the lame “We fired all the people on the team, so there is no one to talk to.” Conversely, we are aware of no megaprojects whose final data were withheld from us because the projects went abnormally well!

The fact that we have a known positive bias in the data should make the outcomes presented in the next chapter all the more sobering because, even with the assistance of the bias, we are not doing very well.

aOccasionally, companies have a formal and systematic “Phase 0” during which background work is performed for potential projects. Megaprojects in locations new to a company benefit greatly from such a “FEL-0” process because it is an opportunity to familiarize the company with the peculiarities of the locale. We discuss country advance teams in more detail in Chapter 4. Some companies also divide the scope development phase into two parts: the first selects the general scope or “concept” that will be employed for the project, and the second part refines and completes that scope. We believe the two-part Phase 2 is a best practice.

bSome companies take pride in being “highly entrepreneurial,” which often translates into every business unit for itself. Such companies, even if they are very large, often find it difficult to develop and execute megaprojects successfully because they lack a center strong enough to provide deep support to their very large projects. The tendency to organize the company in a highly decentralized fashion is normative in minerals and now typical in many oil and gas companies as well. Decentralization makes most aspects of megaproject management and control more difficult.

cWe also draw on a number of projects that never went forward. These projects are very instructive. Sometimes their not going forward was a major success because the projects would have been disastrous.

dTesting for whether the greater use of technology in megaprojects is statistically significant, we find P > |2| < .0001.

eIn many cases the argument for using a one-tailed test would be persuasive. Most of the hypotheses being tested have very strong priors. However, we almost always elect to use a two-tailed test anyway.

fThe sponsors could also seek to “fix” the currencies by passing all foreign exchange risks to the vendors and contractors. As discussed later, however, this approach is highly problematic.






End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   


OEBPS/page-template.xpgt
 

   

   
	 
    

     
	 
    

     
	 
	 
    

     
	 
    

     
	 
	 
    

     
         
             
             
             
             
             
        
    

  

   
     
  





OEBPS/images/f210-01.jpg
EHES Aarnosiention Cxie. Frond-Had Losiog oes.

+ Labor
~ Availabilicy
~ Cost
~ Productivity
+ Local Materials
Availability
+ Plot Plans and.
Armangements
+ Soils Data
+ Environmental
Requirements
+ Health and Safety
Requirements

Design

Status

« Engineering Tasks
~ Detailed Scopes
~ Feedstock/Product
Properties
~ Heat and Mass Balances
~ License Packages
~ Piping and Instrument
Diagrams
~ Electric Single-Line
Diagrams
~ Major Equipment Specs
~Take-off based estimate
« Full Agreement/
Buy-In of
~ Operations
~ Maintenance
~ Business
~ Other Stakeholders

Project
Execution
Phn

« Contracting Strategy
« Project Environment

~ Community relations

~ Regulatory liaison

~ Local content providers
« Project Organization/R esources
«Team Participants and Roles
« Interfice management and communication plan
« Critical Path ltems

~ Identification of Shutdowns for

Tie-Ins

— Overtime requirements
« Plans

~ Commissioning

~ Startup

~ Openation

~ Manpower

~ Quality assurance
v Cost/Schedule Controls





OEBPS/images/f207-01.jpg
Site

Factors

+ Site Determined

- Equipment Block
Layout Identified

- Preliminary Soils and
Hydrology Report

- Environmental
Permitting
Requirements and
Strategy Identified

- Health and Safery
Requirements and
Strategy Identified

+ Labor Survey
Completed if Needed

+ Local Content
Providers Reviewed

FEL-2 Assessment and Index

Design
Status

« Basic Process Data
~Feedstock/Product
Properties
~H&MBs
« Engineering Tasks
~Written Scopes
~Single Set of
Complete PFDs
~Sized Major Eqp. List
Uity Infiastructure and
OF-Site Requirements
~Analysis of Existing Eqp.
~Full Factored Cost
Estimate
« Clear Business Objectives
« Participation and Buy-In of
~Operations
~Maintenance/
Tarnaround
PBusiness

Execution

Project

3-
« Execution Strategies (Not Plans)
~Design

~Procurement

~Construction (Mod or Stick)
~Turnover Sequences
~Contracting

~Team Paricipants and Roles

« Integrated CPM Schedule
~FEL3

~Engineering

~Procurement

~Construction

« FEL-3 Plans (Not Strategies)
~Contracting
~Long-Lead Procurement
~Resource Requirements

« Clear Project Objectives





OEBPS/images/f204-01.jpg
FEL 1 Assessment and Index

Business Team Alternatives Business

Case Dynamics Analysis FEL Index

« Market Experience  * Sponsorship and + Competitive Technology
- Competitive Leadership Selection
Analysis « Clear Authorization and  + Business Objectives
 Raw Material/ Resourcing Process Statement and Charter to
Feedstock Costs * Mulifunctional Project  Team
» Investment and Team « Capacity Recommendation
EconomicLife  * Clear Team Goalsand « Technical Plan
 Legal/Regulatory  Expectations
Framework « Clear, Timely, Effective
 Completeness of ~ Communication,
Business Plan « Effective Decision
Making Processes

« Team Stability





OEBPS/images/f203-01.jpg
Each Gate Has Its Own Deliverables

Gate 1 Gare 2 Gate 3

Idea =
Generston | | Define, | || Develop || | Deineche | | 5 || produce
Shaping PP ty op: i

@ FELi_ @ FEL2 @ LD
Is the Is the Is the Project \
Business Scope. Ready to Ao clled
Case Robust? Complete? Execute? * Authorization

« Sanction
 Final Investment Decision (FID)





OEBPS/images/f195-01.jpg





OEBPS/images/f193-01.jpg





OEBPS/images/f188-01.jpg
CHINA: Engincer
[l 4

TEXAS: Offhore FEED
Contractor

PHILIPPINES: Enginecring
Conmractor






OEBPS/images/f217-01.jpg
100%

80%

60%

40%

20%

0%

Execution Schedule Ship

—20%

—40%

P>[el< 001

GOOD  FAIR P

R

Front-End Loading Index

Shading represents +/— standard deviation

SCREENING






OEBPS/images/f216-01.jpg
&
2

Cost Deviahon
2

g

—20%

—40%

P> e]< 0001

GOOD FAIR

Front-End Loading Index
Shading represents +/— standard deviation






OEBPS/images/f214-01.jpg
Front-End Loading Index
Both FEL-2 and FEL-3 are Reported on a Single Scale

FEL-3 Index Rating

Overdefined est air | Poor rossly Inadequate
for FEL-3 bl - i i S

12.00

Scope T
Overdefined Development | Sc°Pe Developmentin Screening Study
for FEL-2 Coe s I

7.00 500

10.00
FEL-2 Index Rating





OEBPS/images/f151-01.jpg
Percent of Production Failure

P>z <

Offthe-Shelf  New Minor Major  Substantially
Iniegrations Modifications Modifications ~ New
Only Techology

New Technology Rating





OEBPS/images/title.jpg
INDUSTRIAL
MEGAPROJECTS

Concepts, Strategies, and Practices
for Success

Edward W. Merrow

WILEY
John Wiley & Sons, Inc.





OEBPS/images/f150-01.jpg
Months Needed for Startup

e
&

L

©

P> < 0001

Off-the-Shelf  New Minor Major  Substanially
Integrations Modifications Modifications ~ New
Only Technology

Niw Taclmology D sting





OEBPS/images/f325-01.jpg
Cost Deviation

100%

80%

60%

40%

20%

0%

—20%

—40%

P> < o001 (A:nul(mt

(" Contingency )

Deviation ||

in Estimate without
Monte Carlo

P> <01

/

Contingency

P[] = il

R

FAIR.

Front-End Loading Index

in Estimate without|
Monte Carlo

REENING

100%

80%

60%

40%

20%

[ cor wa—





OEBPS/images/f147-01.jpg
[Ore Body /R eservoir Apprisal Basic Dura]
Process Basic Data from R&D.

As-Bult Basic Dara for O Phant

S
et Resule ‘OK Resule | [Degraded FEL Difficul] [ Major Cost Overruns || Severe
0 Absorb Changes | | and lips in Schedule || Opersbiliey
Problems
Potential
Walkavay

Outcomes






OEBPS/images/f322-01.jpg
Actual to Planned HUC Cost

450%
400%
350%
300%
250%
200%
150%
100%
50%
%
—50%

—100%

+1 std. dev.

MEDIAN
P>[e]< 001 i
Complete and Less  Complete and More  LeftYard Incomplete
Than 1 Month Late  Than | Month Late

‘Onshore Work Scope Fabeication Status





OEBPS/images/9781118067505.jpg
industrial
megaprojects

Concepts, Strategies, and Practices for Success






OEBPS/images/f145-01.jpg
Statistical
Projects without  Projects with Basic Significance

Outcome Variable Basic Data Errors  Data Errors  of Difference
Average production 87 38 0001
months 7-12 versus plan (%)

Time required for startup 7 2 0001
(months)

Forecast time for startup 5 9 008
(months)

Cost growth from 18 34 06
authorization (% real)

Slip in execution 16 30

schedule! in percent
Percent of projects that 4 0 0001
were successful

Measured as actual time from authorization to mechanical completion divided by time estimated at
thorization





OEBPS/images/f320-01.jpg
Sanction Schedule as Percentage of

Benchmark Schedule

110%

100%

90%

80%

Critical Path Milestone

Level of Schedule Development at Authorization






OEBPS/images/f141-01.jpg
|
o |7
b-+cor| | |E G-t ot
[Bromo-organics § Chloro-organics|
&
<, > NH;,]
& &
Mmoo | £ |2 ol
Bromo-oenics | | & {7 2|k
i 8)
L] -
)

NHCI,

Chloro-orgnics

G
z
&
E

SEElE 5 (5)
A i
2 b|E gl (=
e N

NBr, Ny
s (Freshwater only)






OEBPS/images/f319-01.jpg
Percentage of Successtul Projects
When Craft Labor is Short

P>]z] < 01

Resource
Loaded

Critical Path Milestone

Level of Schedule Development at Authorization






OEBPS/images/f108-01.jpg
Smngs fn Tatweonl Hate of Hstncn (IR EPmomt)

Schedule

Better Result

Operability

20%
Capital Cost
15%
10%
0%
Poorer Results 0.0%
—20% —10% % 10% 20%

-0
10%

s ‘Assuming a 15 percent real ROT

—2.0%

goal and holding market fictors
constant






OEBPS/images/f315-01.jpg





OEBPS/images/f310-01.jpg
Percent Slippage in Detailed Engineering

Time.

30%

10% 1

—10%

Lackof  Permit  Oiland Gas Incomplete Substantially
Team  Problems  Projects Soils New.
Integrtion Investigation Technology

Factors Contributing to Engineering Slippage





OEBPS/images/f309-01.jpg
Percent Ship in Detaled

‘Enginecring Time

[P>1e1 < 002]

Poor IScrecning

Took K Toading e






OEBPS/images/f177-01.jpg
200+

100

Megaproject [eam Size

5

Than

A8 LXDICE LSRN CMEEeS i SN SO
as the Project Progresses

Procarement Coondinators

Project Contls Speciaists

CostScedle Estimate Z/
Do g,

Procurement Coordinators

Ewironmental

Leads/Speciaicss ¥ % >

b f
g

Scope
Development
FEL2

Front-End Loading

Construcion
fanggers

N\

roducion/Openations Team
Maintenatice Organization

Business Reprseniatives

Decreased Role

Process Engineers

Definition
FEL3

Contractor Leadership
Stars o Join Team






OEBPS/images/f171-01.jpg
Front-End Loading Index at Authorization

[ @ Projects with Integrated Teams M Projects without Integrated Teams






OEBPS/images/f170-01.jpg
ost Index
15 — — Project Team Not
Integrated
AS< ~ Project Team Integrated
/ ~
/ e
y h\ . Openbiiy
~_ Problems

Cost Deviation

Exccution 0%

Sehedule Tndex

Schedule Slip






OEBPS/images/f166-01.jpg
Business

STect L rots

Procurement

- Project Business Sponsor(s)
+ Lead Project Financial Modeler

Project Management

+ Project Controls Manager
- Lead Cost Englneer

+ Lead Scheduler/Planner

- QA/QC Manager

Construction

+ Procuremont Coordinator(s)
« Supply Chain Manager(s)
« Materlals Supervisors

Finance

- Project Director
+ Project Managers
+Interface Management Coordinator(s)

Professional Services

- Construction Managors.
- Labor Relations Specialists

Contracts

+ Economics and Investment.
Reprosentatives
- Financial Advisors

Local Government/Authoritics

+ Legal
+ Project-Savvy Human Resources

Engincering/Process

+ Contracts Manager

En

nment, Health, and Safety

- Englncoring Manager(s)
- Discipline Lead Englneers

+ Procoss Lead(s)

+ Principal Geophysicist

- Principal Geologist*

+ Principal Patrophysicist

* R&D Leads (Whero Applicable)

- Environmental Lead

- Pormitting Lead,

- Safaty Specialist

+ Health Specialist

- Site Securlty Advisor
(Whoro an issue)

* Team Membes for Mivest r Pt Devopmens Prfcts

« Government/ Authorities Relations
Manager

« Government Liaison

+ Customs Specialist

Operations/Maintenance

« Production/Operations Manager

+ Operations Coordinators (Each
‘major arca)

« Maintenance Representative





OEBPS/images/f280-01.jpg
10 Largest Contractors

Percentage Market Share o

50%

1995 1997 1999 2001 2003

Market share of the industrial/ petrolesm secor that the top 10 international
design firms hold.

Source: Engineering News Record, The Top International Design Firms
TJuly issues, 19962004






OEBPS/images/f264-01.jpg
o el
_— )

Consider PMC with

Rt no Execution’

R

= <prmsn!
pabil

Nature of the Il

Projec
beck T gy
Uncertain

A+ D = No Project
A+ F = No Project





OEBPS/images/f018-01.jpg
Billions of 2010 Dollars

LN

150

125

100

7

50






OEBPS/images/f024-01.jpg
Appnite
Opportunity

Ako  Appnise
Called
Business
Phnning
Concept

Study

Select FEED
Facilities  Execution
Planning  Planning

Prefeasibility  Feasibilty
Study Study

Oil and Gas

Chemicals

Minerals





OEBPS/images/f062-01.jpg
Outcome Factor Nonremote Semiremote Remote

Suceessful (%) 33 2
Cost overruns 20 26
Schedule slip (%) 17 2
Operability failures (%) 34 581

Median production in second
six months (% of plan)

‘Statistically significant at .05 (X2).
Statistically significant at .01 (t-ratio).





OEBPS/images/f261-01.jpg
50%

30%

Percentage of Projects

10%

—10%

ost Growth [ Schedule Slip [ Production Failures

EPC-LS

EPC/EPCm Alliances
Reimbursable
Contract Type

Mixed





OEBPS/images/f069-01.jpg
wopsnaad s oy oI Smamdam . ) WA

600Z X3GNI SNOLLA3DH3d NOILANYHOD TR s
TYNOLLYNN3L]
AONFHVASNY






OEBPS/images/f260-01.jpg
P> =)< 001
P> |2]<0002!

80%

60%

Percentage ot Frojects

20%

0%

EPC-LS | EPC/EPCm Alliances
Reimbursable
Contract Type
1Afier Controlling for Team Integration and Front-End Loading





OEBPS/images/f028-01.jpg





OEBPS/images/f258-01.jpg
Reimbursable

25%

Alliances 12%

Mixed 10%
EPC Lump-
Sum 53%





OEBPS/images/f048-01.jpg
Cost Index

— — Failed Projects

—— Successful Projects

Cost Growth Production

Execution Execution

Schedule Index Schedule Slip





OEBPS/images/f250-01.jpg
m

Less Complete

Reservoir Appraisal e G
Aggresive Schedules
Poorer Front-End ® +37% Cost
Loading. Effectiveness
More Difficulty Staffing © +30% Schedule Slip
the Project

© 48 Pet Production
Atminment 18-24
months after the
promised date

Higher Project Leader

Tenuous Functional Wi

Integration
Poor Team Integration





OEBPS/images/f100-01.jpg





OEBPS/images/f246-01.jpg
0%

g
2

Percent of Sample
3
g

10%

Definitive Preliminary Assumed

Level of Permitting Definition





OEBPS/images/f245-01.jpg
Percent of Sample

60%
E&P

P >[5 < 007

50%

&
2

30%

i
=

10%

Definitive Prcliminary Assumed

Level of Permitting Definition





OEBPS/images/f080-01.jpg
80%

P>|z|< 002

60%

Percent of Successtul Frojects

©

Very Clear Fairly Clear  Somervhat Clear Not Very Clear

Clarity of Business Objectives

(% of sample in group)






OEBPS/images/f244-01.jpg
Production Failures

0%

P>|2[< 057

60%

50%

40%

30%

20%

10%

0%
BEST PRACTICAL GooD

“REENING

Asset FEL Index





OEBPS/images/f083-01.jpg
Projects Achieving Best [eam Development

80%

60%

40%

20%

Very Clear

P> 371 <001

Fairly Clear  Somewhat  Not Very
Clear Clear
Clarity of the Business Objectives






OEBPS/images/f243-01.jpg
Cost Growth

80%

70%

60%

50%

40%

30%

20%

10%

D>1< 001

E&P Megaprojects

Non-E&P Megaprojects

R POOR SCREENING

Asset FEI Index






OEBPS/images/f263-01.jpg
90%

80% Good

70%

60%

50%

40%

Production Failures

30%

Owner Rating of Prime Contractors Performance
10% ._

L0 | o

EPC Lump-Sum | Reimbursble Alliances

Contracting Approach





OEBPS/images/f242-01.jpg
Cost

Schedule Index

Production
S 75 e

Schedule Slippage





OEBPS/images/f235-01.jpg
Percentage of Frojects with Permitang Froblems

S0%

P<

g

Preliminary

Tevel of Permit Definition





OEBPS/images/f233-01.jpg
Cost Index ~— — Permitting Problems
13 Experienced

No Permitting Problems
Experienced

Cost
Deviation

Execution

13 40%
Schedule Index Schedule Slippage





OEBPS/images/f228-01.jpg
Factor! Nonremote Semiremote  Very Remote

Core team size 35 27 18
Integrated teams 60 55 36
Adequate staffing 66 65 38
Sponsor new to region 9 35 57
Problems with government 1 19 30
Major infrastructure needed 10 36 75
Labor must be imported 2 45 63

'All numbers are percentages of sample except for the first row, which is mumber of people (full-time
equivalent).





OEBPS/images/f224-01.jpg
FEL Indec

I Team Is Integrated

[ Team Is Not Integrated

P <0001
p<ol

Very Clear

Fairly Clear  Somewhat Clear  NotVery Clear Not Clear At All

Clarity of the Trade-Offs





OEBPS/images/f222-01.jpg
Percentage of Frojects

S0%

40%

30%

20%

10%

POOR SCREENING

FEL Tndesx






OEBPS/images/f221-01.jpg
Fercentage of Successtul Megaprojects

80%

FEL Tndex





OEBPS/images/f220-01.jpg
Inyury and Accident Rate per

200,000 Field Hours

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Recordable Incident Rate

J

Definitive

Preliminary Asumed

Project Execution Planning





OEBPS/images/f218-01.jpg
Percent ot Projects That Were Operability Failures

80%

0%

SCREENING

Front-End Loading Index





OEBPS/images/f239-01.jpg
E&P Megaprojects
Cost Index

&P Megaprojects

~ Production
S0y Failures

1.30, g
Schedule Index Schedule Slippage





OEBPS/images/f237-01.jpg
FEL Duration (Months)

26

34

32

2 4 6 8 10 12
Estimated Megaproject Cost (in billions of dollars; based on 2009 U.S. dollar)





