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ABSTRACT

Swanson, Adam Richard (Ph.D. Civil Systems)

How to model the value of “real options,” as determined by flexible design principles, for
hydropower facilities in developing nations given the uncertainties of climate change, energy
demand, and cost overruns.

Thesis directed by Professor Paul Chinowsky

Africa, and other developing regions, are moving forward with an electricity program that
includes significant amounts of hydropower. While this push to harness river flows to electrify
nations holds great promise, there are complex risks that threaten the completion of such
projects. Specifically, climate change may disrupt river flows, creating revenue risks for a power
source dependent on flow volumes. Demand and cost overrun uncertainties are more familiar,
but also pose problems. Flexible design, at the project level, provides a risk-mitigating response
that does not require pinpoint accuracy in project forecasting. Rather, it builds flexibility into the
design phase of the project life-cycle. To properly value the design possibilities generated by a
flexible approach, a real options analysis is needed. Real options can be a powerful decision
making tool for developers of large projects. It may also add value to public private partnership
contracts, by unlocking hidden value that can be leveraged for both parties in the concession.
Using two case studies from Africa, the Batoka Gorge Dam, and the Inga Dam complex, this
dissertation details a framework for the valuation of flexible design, how to build a real options

model, and illustrates the framework’s use in real world projects.
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CHAPTER 1
INTRODUCTION

Large hydropower projects are at the center of a debate weighing the value and costs of
renewable energy against the risks of climate change, and other uncertainties such as demand and
cost overruns. Some say the risks outweigh the benefits, while others disagree. The African
continent has large untapped hydropower resources; the Democratic Republic of the Congo (DRC)
alone is estimated to have the potential for 100,000 MW, though it has only developed 2,400 (van
Der Wat, 2013). Potential from proposed facilities on the Zambezi River, along the border of
Zambia and Zimbabwe, exceeds 14,000 MW (ECA, 2009). Many advocate that Africa should
prioritize investments in hydropower resources as the continent seeks to add generation capacity
to meet consumer demand, seeing it as a vital contribution to a green energy corridor on the
continent. Detractors say these projects are too expensive and risky, and therefore offer little value
when compared with alternatives. Considering the many uncertainties that hydropower facilities
face, flexible design has emerged as a potent risk-mitigating strategy for resilience at the project
level.

This dissertation presents a framework for the valuation of flexible design as a risk
resiliency strategy at hydropower plants. This topic is important because we need frameworks that
adequately communicate the full value of adaptive designs. We need them for at least two reasons:
One, valuations are used as decision making tools to show us answers to central questions of
engineering, such as what to build and when to build it. Two, project sponsors, and developers
need ways of communicating to funding agencies and financiers the full value of a project. The

contribution of this research is, therefore, threefold:



1.

To offer a framework for the valuation of flexible design as a project resiliency aspect or

strategy. This includes integrating climate with other risks into a valuation/decision-
making model, especially one that allocates appropriate value to the incremental resiliency
components of the asset. The framework gets to the heart of the question: What,
specifically, should we build, and when and how should we build it? I will show that we
can make the intuitive value of flexibility explicit. This is also important because banks
and funds are asking, not just for the additional costs of adaptive capacity, but also for the
value it creates, especially if resiliency leads to different design choices, which I will show
that it can.

Demonstrate that other valuation techniques may not adequately value flexibility at

hydropower plants apart from real options analysis (ROA). ROA is unique in its ability to

value flexible design. Though Benefit Cost analysis, and Robust decision-making have
been widely adopted in the literature for climate-related decision making, Richard de
Neufville, at MIT, suggests that these approaches reflect a “bunker mentality” (de
Neufville and Scholtes, 2011).

Accelerate uptake of ROA to inform contractual arrangements. Finally, [ hope to accelerate

the uptake of the ROA approach to offer insight to contractual agreements. Optionality
adds value and that value can be leveraged. There is a paucity of examples of real options
applied to PPPs for hydropower development, though applications can be extrapolated
from other sectors. The use of these instruments may make some projects more feasible
and attractive to private capital. I’ll illustrate how this could work, especially how to right-
price these incentives. Other tools can also be created including insurance against singular

risks, and decision making criteria for additional investment.



To preview some results from the framework, I will show that flexibility at Batoka Gorge
Hydropower Dam, augments project value by up to 20% depending on the design, and that it may
save developers up to $500 million over the next-best design alternative. I will also show that
without a real options analysis, other decision making tools consistently undervalue flexible
design. Furthermore, I will illustrate that the additional value, found in a flexibly designed project,
can be leveraged to create an additional $3.5 billion in value at the Inga facility, if one pathway is
chosen over another. Other ancillary findings are also surfaced from the analysis.

African government leaders are among those who want to move forward with large
projects, though one immediate challenge is the cost. In 2012, African Heads of State endorsed the
Program for Infrastructure Development in Africa (PIDA) to close Africa’s infrastructure gap,
including electricity generation. The program calls for an expansion of hydroelectric power
generation of more than 54,000 MW. The PIDA framework includes a Priority Action Plan listing
the highest priority projects. This, more focused plan, calls for US$ 21.3 billion worth of
hydropower investments for nine generation facilities (Cervigni et al. 2015). Since project prices
often exceed what governments can afford, they are beginning to look to private investors to
partner in the initial capital requirements. Private consortia may also be better at designing and
managing large facilities. Public-private partnerships (PPPs) may be an attractive alternative to
public utilities in developing these projects. However, private investors enter at a price, which is
determined by the risks associated with the project. To attract the funding, risks must be quantified
and mitigated. Three risks, that are particularly associated with large hydroelectric projects are
climate risk (related to river flows), demand risk (related to infrastructure build out), and cost

overrun risk.



Climate change works its way into revenue expectations because precipitation and
temperature patterns are expected to change, resulting in changing river flows at dam sites.
Therefore, hydropower facilities, and other long-lived assets, will likely face climate impacts that
shorter-lived infrastructure may not. Particularly when the breakeven return on investments is far
away, climate uncertainties become investor risks. Various tools for quantifying these risks, and
offering decision-makers some guidelines for investment strategies, are increasingly used
to evaluate policy choices and specific investment decisions considering climate change. The long-
lived nature of hydropower facilities, and its reliance on river flow, means that projects are
potentially exposed to greater climate variability, and therefore climate-related revenue risk, than
some other investments. These risks should be integrated into a broader calculus of uncertainties,
which may affect project values. Thus, climate risks have become increasingly scrutinized in the
dam design process. Hydropower energy output is subject to changing patterns of river flows,
droughts, and floods. Both seasonal fluctuations, and drought cycles can significantly affect
generation. When cash flows are tied to firm power delivery, the revenue profile of a project may
become inherently risky. Further complicating the revenue side of the equation is the long technical
and economic life of large hydro-projects. Any PPP concessionaire will need to account for
climate-induced output and cash flow risk over the project life cycle.

Decision-making under climate change is itself a topic that has received attention in recent
years, as climate change further increases investment uncertainty. In response, several decision-
making tools have emerged, to help planners address climate uncertainties. Current climate models
show that the future climate may be very different from the past, but they disagree on whether
specific locations will be wetter or drier. For a hydro facility, this means that investors may face a

dry future, with lower than expected flows, and a project with the inability to return the initial



capital costs to build it. This is the risk of overbuilding. On the other hand, there is also the chance
of a wet future, in which investors would want to capture larger than expected flows. This is the
risk of underbuilding. To help manage these uncertainties, flexibility can be built in to some
designs, allowing the project to start small and expand if a wetter future is realized.

Demand risk must also be considered. While consumer demand in Africa is high, there is
a risk to power producers that necessary transmission corridors to deliver electricity to demand
centers may not be available. Generated electricity must be delivered to customers for plant owners
to receive revenues. This introduces an additional risk for generation projects in developing
countries, as it adds another expensive infrastructure layer to the calculus; and, the largest
infrastructure deficits are in Sub-Saharan Africa (SSA). Rates of access to electricity in Africa are
around 43%, a very low figure by global standards, meaning that about 621 million people, lack
access to electricity (Cook, 2015). Whether measured in terms of generation and distribution
capacity, electricity consumption, or security of supply, SSA’s power sector delivers a fraction of
the service needed or found elsewhere in the developing world. Furthermore, per capita access is
gradually falling, because new power infrastructure construction has not kept up with growing
populations and electricity demands (Cook, 2015). These facts illustrate the demand risk factor for
hydropower investors in Africa: unless the corresponding transmission and distribution (T&D)
lines are built, there can be no project revenue. This risk is referred to as demand risk, for the
purposes of this analysis. Over-estimating demand in the long-term can lead to investment losses.
On the other hand, underestimates could lead to missed opportunities for delivering capacity and
to capturing greater returns on investment through economies of scale. Again, design flexibility

may provide some value.



Finally, large infrastructure projects have been famously plagued by significant cost
overruns. While there are many project and governance dynamics that could lead to overruns, the
effect of these is to erode the value of the project under consideration. On one hand, organizations
such as the International Commission on Large Dams (ICOLD) urge that hydropower offers a low-
cost alternative to generation based on carbon fuel sources. But on the other, detractors say
developers consistently under-estimate costs to win the bid for the project, and then must add
expensive delays and other costs after contracts are signed, and construction is underway. Overly
optimistic assessments can be either intentional or unintentional. Unintentionally, planners
systematically focus on estimations of individual projects, without acknowledgement of larger,
consistent trends in the industry of significant estimation error. Intentionally, these optimistic
estimations are often aggravated by deceptive practices — intentional misrepresentation by project
bidders (Ansar et al., 2014). These risks have further dampened the enthusiasm of both public and
private sponsors, and must also be considered by investors.

The concept of flexible design has been offered in response to the unknowns surrounding
infrastructure investment. Flexible design means incorporating the flexibility to initiate, expand,
stop, or contract, a project based on information received later. While most projects are managed
to respond to new information, flexible design seeks to build flexibility into the design of the
project from the planning stage. Flexible design allows planners to anticipate certain future
decisions and incorporate them into their valuation models. Flexible design is not a new concept;
however, it has recently gained momentum in the engineering world as an adaptation strategy for
climate change when planning long-lived infrastructure. Perhaps the best advocate for flexible
design is Richard de Neufville of MIT who asserts that flexibility can be incorporated into many

contexts from corporate investment, to real estate development, to infrastructure design (de



Neufville and Scholtes, 2001). In the case of a hydropower facility, it may mean an initial
investment to broaden the foundation of a dam, so the dam height can be increased later; or
including the civil works for additional turbines, but delaying the inclusion of expensive turbines
until more is known about the effects of climate change on river flows. Perhaps slightly more
expensive at the beginning of a project, flexibility can delay higher-cost investments until more is
known about existing uncertainties. Flexibility creates options — decisions to be made at a future
date. But determining the value of those options, and which option should be chosen over others,
requires a more sophisticated analysis than standard tools such as discounted cash flow (DCF) and
net present value (NPV). To determine the value of flexible designs, a real options analysis (ROA)
is typically used.

Real options (RO), based on the principles of stock options, is the only decision-making
method that makes the value of this type of optionality explicit. RO is based on stock options, a
form of financial derivative. Stock options derive their value from an underlying corporate stock.
Options represent the monetary value of the right to decide about buying, holding, or selling that
stock in the future. An RO also derives its value from an underlying asset, but in this case the
underlying asset is a real project as opposed to a stock. As in the case of stock options, the RO
also represents the value of the right to decide about the underlying project: whether to buy, sell,
hold, expand or contract. Option values can be helpful to determine which project to pursue. For
example, they can help project designers create the right kind of project flexibility. Option values
can also help investors with timing decisions for future investments; and, they can help the drafters
of public-private partnership contracts assign the right trigger points and values for contract clauses
dealing with actions such as insurance payments or exercise dates. Often, options augment the

value of a project designed with flexibility over those which are designed with no flexibility (which



are called static designs). A real options approach has been widely used in the energy sector, to
better understand and measure risk and uncertainty. However, the approach has not been as
extensively used in evaluating renewable energy projects, nor does it frequently appear in climate
change literature. This undertaking responds to this gap.

As an example of real options, consider a preliminary valuation of the Batoka project with
several design possibilities (Table 1). Among them are a 1600, 2400, and 3000 MW design. If
climate change leads to increased river flows at the site, a larger facility will be the clear choice
based on the largest NPV. However, if river flows are diminished, the initial capital costs
associated with the larger options mean that the NPV for the project could be negative. In this case,
the smaller design would be investor’s choice.

However, two additional alternatives are possible, represented as A’ and B’ in Table 1. A
1600 MW facility could be built, which includes flexibility to increase the capacity to 2400 MW,
or a 2400MW facility could be built with the option to increase to 3000. The price of the flexible
facility would be slightly increased over the static design (and thus the present value slightly
lower), but the project could then be converted to a larger size for the added investment of the
strike price. The option to invest in converting the facility has its own value. By using a common
option valuation equation, discussed later, the value of the option to convert A’ is $1.9 billion; and
to convert B’ is $640 mm. To calculate the value of the facility with flexibility this figure is then
added to the original value of the flexible project. The actual value of the 2400 MW facility with
flexibility is $3.59 billion, which exceeds the value of the larger facility. This example illustrates
a central theme behind real options analysis: the comprehensive value of a project that includes
flexibility is its net present value plus the value of the option created by the flexibility:

Full value of project = Net present value + Value of the option (D



Table 1: Design Possibilities at Batoka, Estimated Costs and Expected Present Values

Design Initial ENPVs Strike price Call value ENPV + call

Batoka A $1,795,000,000 $- $- $-
Batoka A' $1,309,000,000 $390,000,000 $1,952,000,000 | $3,261,000,000
Batoka B $3,287,000,000 $- $- $-
Batoka B' $2,954,000,000 $305,000,000 $640,000,000 | $3,593,000,000
Batoka C $3,499,000,000 $- $- $-

Besides real options, there are other methods that have been applied to climate-related
decision making. These include benefit-cost analysis (BCA) under uncertainty, and the process of
“robust decision making” (RDM). Each has its strengths and weaknesses, and offers answers to
related, but sometimes different, questions. All begin in a similar fashion, by developing a broad
range of scenarios under which the facility will be built and operate. These parameters are
combined in a revenue, and net present value model, that yields its output, in the form of a pdf, of
possible project values. The mean of this final pdf is the expected net present value (ENPV) of the
project. This is the starting point of each decision-making method. After that, the methods diverge.
The subsequent processes will be discussed later. In fact, the alternative methods, and some of
their pros and cons are explored in the case studies. A comparison of methods is also offered, to
assess the strengths of each method to value flexibility in design.

The primary concepts that form the foundation of the dissertation are flexible design and
real options. Real options analysis takes a proven financial concept and applies it to engineering
design. Specifically, the dissertation will focus on the methodology and rationale for building an
Excel-based binomial-lattice model that assess the value of real options for flexibly-designed

hydropower." The output of the model is the value of design options for selected hydropower

! Other software tools may ultimately allow for an easier and faster processing; however, this “how-to” keeps the model in
Excel for better accessibility.



facilities. Values can be used as a decision tool to select the most valuable project design from a
suite of available choices, and can be leveraged as various incentives.

The valuation model begins by bringing precipitation and temperature projections into the
WEAP model. WEAP takes these inputs and models river flow rates based on baseline data. With
the WEAP model, a hydropower facility is built with configurations that reflect real world designs.
WEAP then calculates the hydropower output that can be achieved at the site, for many climate
scenarios. The full range of possible hydropower outputs is then multiplied by a range of possible
electricity prices, for each year of operation. The result of this calculation is a probability
distribution of annual revenues. From this range of revenues, a pdf of possible costs (construction
and operations and maintenance) is subtracted. The result is a pdf of net revenues, which is
discounted to yield a pdf of NPVs, the mean of which is the expected NPV, or ENPV (the process
is discussed in greater detail later).

In this way, the model integrates the three risks into one revenue model, and then calculates
an expected NPV based on expected revenues. From the expected NPV, option values for different
configurations, and option types can be evaluated. The effect of climate risk alone can be isolated
in the model, and the other risks can be tested for their impact on the project through a sensitivity
analysis. A similar sensitivity analysis can be used to test the impact of other parameters such as
discount rate, risk-free rate, etc.

The two case studies afford a slightly different focus for each. The Batoka project will be
used to evaluate decision-making methods, and the value of optionality among competing design
alternatives. Inga will focus on the application of ROA as a tool for PPP design. Within the Batoka
case study, I first employ three decision-making methods - BCA, RDM and ROA - considering

climate risk only. This allows a straightforward comparison of results across methods, while
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isolating the effects of climate risk. I then incorporate additional uncertainties into the analysis,
combining the risks of demand, cost overrun and climate, analyzing their combined effect on
project value. In this way, the model can deliver objective values for each design configuration,
evaluating the costs of flexibility, and the ultimate effects on expected project values. The Batoka
case also presents extensive sensitivity analyses around key parameters. The Inga case focuses
instead on several possible applications of ROA, especially as they concern the interaction between
a public sponsor of the project and a private-sector partner. Not only does the different design of
the physical facility of the plant offer a different dimension of analysis, so the attempt to attract
private sector financing changes the application of the ROA. Private sector investment will have a
unique vantage point in terms of required returns, project management, and investment horizon.
The dissertation is structured as follows: immediately after this introduction, a literature
review is given. The literature review highlights the genesis of real options theory, and illustrates
many of the additional applications of the valuation methodology. It also places the research in the
context of the ongoing discussion on valuation under the unknowns of climate change. Following
the literature review, the dissertation proceeds to define and elaborate on several key concepts,
namely the risks associated with hydropower in developing nations, flexible design to mitigate
risks, and real options as a valuation technique for flexible design. Following the section on key
concepts, the inputs required for ROA are discussed in some depth, as is a typology of real options.
Then detail of the methodology is presented. This section presents the method for building a real
options model for valuing flexible design at a hydropower facility. Finally, two case studies are
presented, which illustrate several uses of real options. The first is the Batoka Gorge Hydropower
Dam (BGHD), on the Zambezi River between Zambia and Zimbabwe, the second is the Grand

Inga on the Congo River in the DRC. The case studies are conceived as hypothetical situations,
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though they involve actual, pipeline projects; they have been chosen to illustrate the framing,
method, and power of the analysis.

After the case studies and the conclusion, several annexes are also provided. The first offers
the mathematics behind the binomial lattice that is used for calculating an option’s value. The
second provides the mathematics behind another commonly used option pricing tool, the Black-
Scholes Formula. The third includes the numerical data and specifications for the development of
the Batoka Gorge Hydropower Dam. This includes the cost model that was developed, as well as
other site-specific parameters used in the case study. And, the fourth gives the numerical data and
parameters for developing the Inga Dam case study.

Both public agencies, considering large energy projects, and private investors considering
various forms of partnership, are concerned with the various risks. Flexible design is one of several
resiliency adaptations for dealing with the uncertainties for which project sponsors must account.
To appreciate the value behind such design measures, and to nuance agreements between parties,

an ROA can be a very useful tool.
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CHAPTER II
LITERATURE REVIEW

The literature review places the current research within its proper context, and illustrates
the contribution it will make. This review provides three aspects. First, as a foundation, it reviews
relevant, introductory literature from the primary topics of this dissertation: real options (RO),
financial options, and flexible design. Second, it highlights the current applications of ROA,
especially in the water and energy sectors, showing that there are significant research gaps in
applying ROA to climate and other risks at hydropower facilities. Third, it places this research
into the context of risk assessment and decision-making tools with special application to the
uncertainties of climate change. This final discussion illustrates the need for accessible decision-
making tools for project-level investment strategy. The research at hand addresses the gap in
published methodology and model creation for project-level valuations at flexibly-designed
hydropower facilities, considering climate change and other risk factors.
Primary Topics

Real Options. There is a small body of books detailing the RO methodology, several of
which are listed below. The theory takes derivative pricing methods from modern finance, and
applies them to project-related finance. Some of the texts apply the principles to specific
disciplines, whereas others are applied more broadly. RO researchers agree that current practice
for most asset pricing, which follows a single discounted cash flow (DCF) method, is inadequate
for incorporating uncertainty into the valuation. The unique value that RO brings is to price assets
in a world of uncertainty, and capture the value of optionality in facility operations.

Shockley (2006), Copeland and Antikarov (2003), Amram and Kulatilaka (1999), and

Trigeorgis (1996), draw analysis from the world of financial options, and apply it to project-level
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analysis. Copeland and Antikarov offer a definition: “the right, but not the obligation, to take an
action (e.g., deferring, expanding, contracting or abandoning) at a predetermined cost, called
exercise price, for a predetermined period — the life of the option.” All authors show that an option
valuation can serve to guide corporate investment decisions, and choose between different
configurations at the project level. Rooting the practice in the world of engineering, Black, N.,
Harriet, M., Aktan (2009) present real options for engineering systems. The authors show
engineering applications across different disciplines such as industrial and civil engineering, and
computer science. Kogut and Kulatilak (2001) expand the definition of real options to include
investments toward other corporate investment avenues. They see real options as, “the investment
in physical assets, human competence, and organizational capabilities that provide the opportunity
to respond to future contingent events.”

Financial Options. The ability to price stock options was a breakthrough in the world of
finance. Black, Merton and Scholes won the Nobel Prize in Economics for their work in
developing a formula for European call and put option prices. This formula is now widely used in
finance and economics. Other kinds of options are priced through different means.

Black and Scholes (1973) showed that an option is a type of financial insurance - the right,
but not the obligation, to act in the future, buying or selling an asset. The theory describes the price
of an option and what a financial intermediary could manufacture the options for, using different
assets available in the market. In other words, the market value of a future decision can be
replicated using existing and available financial products such as stocks and bonds.

Dixit and Pindyck (1994) identify three important characteristics, common to all
investments, but not addressed in the traditional DCF analysis methods: 1) investments are

irreversible (at least partially); 2) future payoffs are uncertain, and; 3) timing is not always fixed.
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They argue that orthodox theory and traditional analysis has not recognized the implications of
these characteristics. But, their options approach, for valuing investments, resolves these
anomalies.

Flexible Design. de Neufville and Scholtes (2011) show that flexibility in design
maximizes the expected value of a system or project over time. Flexibility enables owners and
operators to adapt the system for optimal performance as its requirements and opportunities evolve
over its useful life. de Neufville and Scholtes, present a full framework and evaluation process for
flexibility (de Neufville & Scholtes, 2011).

Flexible design has been applied to many aspects of long-lived infrastructure. Basupi et al.,
(2015), evaluates flexibility in water distribution system design. Hu et al., (2015) applies the
principles more broadly, and shows that expected NPV improved by an average of 10% when
applying flexible design to waste-to-energy projects in Singapore, reducing downside risks, and
capitalizing on upside opportunity.

Deng et al., (2013) assess flexibility in design of waste-to-energy to achieve environmental
and economic sustainability under uncertainty. They seek to answer questions of when and how to
exercise the flexibility in the face of growing uncertainty, especially given long-term life-cycles.
The authors propose a multistage stochastic programming model to design an optimal decision
rule to guide decision making for expansion. Their experiments show that the expected net present
value (ENPV) of the flexible design provides significant improvement over the fixed rigid design
in terms of economic lifecycle performance.

Secondary Topics
There is also a developing body of literature applying real options to infrastructure

valuation and investment planning. This includes application for public private partnerships (PPP)
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in terms of contract protection for concessions and concessionaires, insurance clauses, and other
applications.

Fernandez et al., (2011) reviews the current methods and applications of real options to
both renewable and non-renewable energy projects. One of the author’s conclusions is that there
is a gap in applications of ROA to renewable sources of energy.

Jeuland and Whittington (2013) develop the approach for planning new water
infrastructure investments and their operating strategies, by applying the concept to hydropower
along the Blue Nile. They find the value of real options is that it can be used to identify dam
configurations that are both robust to poor outcomes and sufficiently flexible to capture high
potential upside benefits.

Gersonius et al., (2013) shows that investment decisions for water and flood systems are
frequently based on state-of-the-art impact assessments using a specified climate change scenario
to identify a singular optimal adaptive strategy. He argues that responsible adaptation requires an
alternative method that effectively allows for the lack of knowledge about future climate change
through an adaptive strategy. Furthermore, the authors show that ROA can facilitate the
development of such a strategy to climate change. They show the economic benefits of adaptation
by building in flexibility, using ROA, applied for the first time, to urban drainage infrastructure.

Abadie (2014), applies an ROA approach to the valuation of wind energy projects. The
author provides a method for valuing an operating wind farm and the finite-lived option to invest
in it under different reward/support schemes. Those schemes are: 1) a constant feed-in tariff, 2) a
premium on top of the electricity market price, and 3) a transitory subsidy. The model considers
up to three sources of uncertainty: the electricity price, the level of wind generation, and the

certificate price where appropriate.
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Madlener et al., (2012) uses ROA to study the economic feasibility of constructing a coal-
fired power plant, using a specific plant in Turkey as a case study. The authors investigate the
peculiarities and uncertainties related to large-scale power generation, focusing on the real options
value embedded in the project development cycle. They employ a sequential investment model
using the binomial tree method. The four decision points within the project development cycle are:
1) initial project development; 2) detailed planning and permitting; 3) first major project payments;
and 4) release of final order. Madlener et al. find that ROA can be very useful compared to
traditional NPV analysis. High option value compared to the NPV of the project makes clear that
the flexibilities of reacting during the project cycle, can have a substantial value. A further
advantage of the ROA for a staged investment lies in the fact that it also delivers, besides the option
value of the investment, the optimal strategy for exercising the option — if, and when, to invest.

Marques et al., (2014), show that real options can be used when making decisions around
the design and operation of water networks under uncertainty. ROA can point to adaptive strategies
in the decision process, especially when some decisions can be delayed pending future conditions.

Zhang (2012), uses an ROA to evaluate innovative water technologies to provide decision
support for designing water supply systems under uncertainty. The development of these
technologies provides flexibility to the water supply system, and is a fundamental and effective
means of risk management. ROA offers the right kind of decision support to identify their full
value under a general, prescriptive Integrated Water Resources Management framework.

Biljana (2014) shows that PPPs offer numerous benefits to both partners in delivery of
infrastructure projects. However, risks must be adequately managed and mitigated. The author’s
objective is to investigate whether the real option of abandoning the project increases its value.

The author’s results suggest that project value, including the American abandonment option, is

17



greater than with the European abandonment option, implying that American options offer greater
flexibility and may be more valuable for private partners.

Blank et al., (2009) shows that often PPP agreements may include subsidies, guarantees
and other forms of support designed to reduce the risk to the private investor. Some real options
can be identified in these structures and it is necessary to use the correct methodology to analyze
project economic feasibility and risk allocation. As an example of application, a hypothetical toll
road concession is modeled and three real options are proposed and analyzed: a minimum traffic
guarantee, a maximum traffic ceiling and an implicit option to abandon.

Decision-Making Tool

Besides the applications above, ROA is included in the climate change decision-making
literature, as one tool among many. It is not the purpose of this dissertation to fully treat the benefits
and drawbacks of the multitude of decision-support tools for climate change adaptation and
decision-making around infrastructure, or even around hydropower. It is, however, necessary to
firmly position Real Options Analysis within the lexicon of decision-making tools, and highlight
its benefits considering other common techniques. In that regard, this section presents the current
discussion of decision support tools, which are being especially promoted for climate uncertainty.

Doczi (2013), reviews “so-called tools” for adapting to and managing climate variability
within the water sector. He identifies 137 unique tools (many of which overlap), and maintains
that these are largely “supply-driven” with little demand found for many of them. Doczi offers
input on how and if new tools should be developed, and made more effective.

Hallegatte et al., (2012) strike a more inclusive tone. In “Investment Decision Making
Under Deep Uncertainty — Application to Climate Change,” the authors survey several decision-

making tools available for developers to evaluate climate risks in long-lived infrastructure. These
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include cost-benefit analysis (CBA), CBA with Real Options (RO), Robust Decision Making
(RDM), and Climate Informed Decision Analysis (CIDA). The article concludes that a menu of
tools is necessary due to the level of uncertainty and the fact that each tool comes with applications
that stretch the capacities of the other tools.

Cervigni et al., (2015), in “Enhancing the Climate Resilience of Africa’s Infrastructure,”
aim to develop a deeper understanding of the impacts of climate change on infrastructure
development. Using a consistent methodology and state-of-the-art future climate scenarios, the
study evaluates the impacts of climate change on irrigation and hydropower in Africa’s primary
river basins. It applies those impacts to the electricity sector across the four regional power pools.
The study adopts a Robust Decision Making analysis to evaluate among specific projects, and calls
for broader adaptation of this method.

Hydropower introduces an additional set of uncertainties for investors to consider.
Recently dam construction has come back into favour for investment by the World Bank and other
multilaterals. While vigilant design and implementation may overcome some of the environmental
and social challenges faced by hydropower, some still criticize these facilities, maintaining that
dams are often politically and financially mismanaged, creating unacknowledged risks.

Harrison and Whittington (2003) show that river flows and hydropower production are
sensitive to changes in precipitation and temperature. Ansar, et al., (2014) surveyed the post hoc
realized costs of hydropower projects and found significant overruns. His study suggests that
hydro-project planners tend to take an overly optimistic “inside view” of projects by narrowly
focusing on the project under consideration, rather than the broader landscape of difficulties in

hydro development. This results in optimistic projections of time, costs, and benefits. He notes that
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cost overruns occurred in every region of the world, and that nearly half the dams studied suffered
a cost overrun such that sunk costs may not be recovered.

Nombre (2014) disputes the findings of the Ansar et al. As president of the International
Commission on Large Dams (ICOLD), Nombre states that, “cost recovery has not been a
substantial problem for hydropower projects.” (Nombre 2014) He questions the data and
assumptions of Ansar’s study. The disagreement highlights the complexity of decision-making
surrounding proposals of large projects under uncertainty.

There is an observed lack of research applying real options analysis to value flexible design
options, under climate and other uncertainties, for hydropower facilities at the project level. This

research is designed to help fill this gap.
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CHAPTER III
FOUNDATIONAL CONCEPTS

The theme of this thesis is the use of ROA to identify hidden value in flexibly designed
projects. To appreciate the power of a real options model to value flexibility, it is essential to
understand three primary concepts: financial options, real options and flexible design. Financial
options (one type of financial derivative) provide the conceptual backdrop for pricing real options.
Though real options are based on the theory of financial derivatives, they have a project as their
underlying asset, rather than a stock. Finally, the concept known as flexible design creates options
within the design of projects, so owners and managers can gather information before making
expensive decisions. Design flexibilities are the options in real options analysis. Three secondary
concepts are also important, reflecting the application of the model. The first is hydropower as an
important renewable electricity source for Africa, the second is the concept of decision-making
under uncertainty, and the third is public-private partnerships (PPP), possibly an important
application for real options. These represent important aspects of the context in which I apply the
model in the two case studies. This chapter offers an in-depth definition of these three primary and
three secondary concepts.
Financial Options

ROA is based on the principles of financial options. This section defines financial options,
summarizes the reason for their attractiveness using an illustration, and offers some of the
mathematical theory behind them.

A financial call option is the right, but not the obligation, to purchase a financial security
(a corporate stock), at a predetermined price, at a specific time in the future. The agreed upon price

is called the strike, or exercise price. If the actual price of the stock is higher than the strike price,
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the owner of the option will exercise his right, purchase the stock and collect the difference in
values (minus a fee) as profit. By contrast, a put option gives the owner the right to se// a stock at
a predetermined price.

Figure 1: Call Option Payout Diagram
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Figure 1 illustrates the value of a call option. As the value of the underlying asset rises
(increasing along the x-axis), the value of the option eventually gets to the point of also holding
positive value. This point is the strike price. Unless the value of the underlying asset surpasses that
of the strike price, the value of the option will be zero.

Value of Call — MAX[Value of asset — Strike, 0] (2)

Call options are attractive instruments for the buyer because they allow the holder a
sizeable potential upside (possibility of profit), while minimizing the downside (possibility of
loss). Consider this example: an investor purchases an option to buy 1 million Euros with Dollars
one year in the future, for an exercise price of $1.25. If the value of the Euro to the Dollar is 1.24
or less, the holder lets his option pass; he has lost only the price of the option. However, if the

value is $1.26, he has made a profit of $10,000. If the value is $1.27 he has profited $20,000. By
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holding the option, the investor has created a large potential upside with a limited downside risk —
that of the cost of the option (de Neufville & Scholtes, 2011).

Put options are used when an investor thinks the price of a stock will fall. A put allows the
investor to sell an asset at an exercise price. If the spot price is below the exercise price the investor
can purchase the asset at the spot price, and immediately sell it at the exercise price. Using the
example above, if the investor purchases a put option at the exercise price of $1.25, she/he will
profit if the price falls below that mark, by buying euros (at $1.23, for example), and then
immediately selling at $1.25.

Figure 2: Payout Diagram for a Put Option
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Source: Investopedia
Merton and Scholes won the 1997 Nobel Prize in economics for their theoretical work
(along with the late Fisher Black) in modeling how to price call options of stocks, in 1973. The
Black-Scholes model has been widely used in determining the prices of financial options:
C =SN(d,) — N(d,)Ke™™ 3)
Where: C is the price of the option; S is current stock price; ¢ is time until option exercise in years;
K is the option strike price; 7 is the risk-free interest rate; N is the cumulative standard normal

distribution (mean = 0; ¢ = 1); e is the exponential term; and
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and d, = d, — o */t 4

Where: o= standard deviation of returns; /n = natural log

One breakthrough of the Black-Scholes model was that it considered volatility in valuing
an option. The Black-Scholes formula demonstrates that the value of the option increases with
volatility, which is measured as the standard deviation of returns over the period. In the example,
the larger the variance in price of Euros, the more valuable it is to hold the option. The reason is
that the upside potential will be higher, while the downside remains fixed at the price of the option.”
Another breakthrough for Black-Scholes was the inclusion of the probability that the price of the
asset will pay off in time (?) — the N(d) value; and the probability that the option will be exercised
— the N(d2) value. In other words, option values have the probabilities of outcomes “baked in.”

The Black-Scholes equation will be utilized in the case studies. However, implicit in its
simplicity are several assumptions that limit its use for extensive analysis of real options (Copeland
& Antikarov, 2003). Because of these limitations, another more robust valuation process will also
be used: the construction of a binomial lattice, or tree. This process is discussed in Chapter V1.
Real Options

Real options extend the concepts developed by Black and Scholes from stock options to
options on physical projects. Stock options derive their value from an underlying corporate stock;
similarly, a real option (RO) also derives its value from an underlying asset. However, the
underlying asset is a real project, with cash flows, as opposed to a stock. Real options are herein
defined, and their features are mapped to stock call options; additionally, the practical decision-

making utility of real options is discussed.

2 Volatility in option pricing is typically taken from a tracking portfolio, a group of stocks that normally trends with the stock
being analyzed.
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Copeland and Antikarov (2003) define a real option, “as the right, but not the obligation,
to take an action (e.g., deferring, expanding, contracting or abandoning) at a predetermined cost,
called an exercise price, for a predetermined period, which is defined as the life of the option.”
The holder of the option may choose to spend money (exercise price) now or in the future, in return
for an asset (project with associated cash flows) of some value. She will choose to invest, if the
project is “in the money” — that is, if the present values of its cash flows are greater than the
exercise price. If it is, she will receive a positive net payoff. If it is not, the investor will not exercise
her option to invest. In this case, it is said that the option is “out of the money.” She has lost only
the price of the option.

A call option on a stock incorporates several concepts. These concepts can be mapped to
characteristics of real projects. The value of the underlying stock, reflected in its market price, can
be mapped to the present value of a project’s expected cash flows. The exercise price of the option
equates to the value of the investment outlay required to convert the project. The time to maturity
for a call option relates to the deferral time of the real option on the project. The risk-free rate
represents the time value of money. And finally, the historical volatility of stock returns can be
represented by the projected volatility of the project’s return. Table 2 summarizes.

Table 2: Real Project Characteristics Mapped to Call Option Concept

Real Project Characteristics Stock Call Option

Present value of expected cash flows Stock price

Present value of investment outlays Exercise price

Length of deferral time Time to maturity

Time value of money Risk-free rate

Volatility of project’s return Standard Deviation of stock returns

Source: (Fernandes et al. 2011)
Real options can be used to gain insight on many decisions available to a manager, and are

especially applicable if the project faces high degrees of uncertainty, which is likely to be resolved
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by the passage of time. The following lists four different types of real options (Copeland &
Antikarov, 2003):

e Option to expand: if initial investment succeeds

e Option to wait and learn: before investing in the first place

e Option to shrink or abandon: when market changes create adverse conditions, the

decision to abandon the project before all money is spent can minimize losses

e Option to switch: investors can alter the product offering mix to adjust to changing

market preferences.

Real options analysis is also an excellent decision-making tool. Implicit in each of the
option types listed, are flexibility points within a project; an ROA can help project designers create
the right kind of project flexibility. For example, real options can help investors make timing
decisions for future project-level investments. They can help the drafters of public-private
partnership contracts assign the right trigger points for actions such as insurance payments or
decision dates. Introducing an option approach to project analysis may have several other positive
effects. It may reduce initial investor risk, by giving investors the option to invest in smaller parts
of a project. Project sponsors can use these signals to inform investors of the value embedded
within their projects. Valuations can also serve as an incentive for developers to perform efficiently
knowing that new investment may depend on current performance. However, the primary
usefulness of RO is often to help managers make decisions about their capital budgeting, and how
and when to investment in new capacity.

Flexible Design
Flexible design means incorporating the flexibility to alter a project based on new

information. While most projects are managed in such a way to respond to new information,
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flexible design seeks to build flexibility into the design of the project from the planning stage.
Flexibility can help to manage risks, and increase the value of projects (de Neufville & Scholtes,
2011). This section describes flexible design, provides an apologetic for its use, offers a few
examples, and concludes with a framework for applying the concept at the project level.

“Flexible design is a fundamental approach to designing systems and long-lived assets,
allowing designers to maximize expected value over time. It enables owners and managers to adapt
assets for optimal performance as requirements and opportunities evolve during operations,”
according to de Neufville & Scholtes (2011). In the case of a hydropower facility, it may mean an
initial investment to broaden the foundation of a dam, so the dam height can be increased later; or
including the civil works for additional turbines, but delaying the inclusion of expensive turbines
until more is known about the effects of climate change on river flows. Occasionally more
expensive at the beginning of a project, flexibility can delay higher-cost investments until more is
known about existing uncertainties. Flexibility creates options — decisions to be made at a future
date, when a market has been tested, a technology proven, or river flow rates better established.
The decision may be whether to invest additional money to expand operations (creating a call
option), or to sell a project at a predetermined price (creating a put), or to further delay the decision
(extending the life of the option).

Flexible design has recently been used as a paradigm from which to conceive projects that
may be threatened by climate change, including hydropower facilities (Jeuland & Whittington
2013). There are inherent challenges in assessing the value of large-scale hydropower projects.
These projects have long build-times, during which much can change in energy markets, policy
regimes, and technology. This can introduce uncertainty in energy prices and facility output. Since

much of the capital required to get a project fully functional is required well before cash flows are

27



available, these unknowns introduce significant risk. Furthermore, once a project comes on line, it
is typically locked in to the operating assumptions made during the initial design stage, leaving no
room for modification to take advantage of new opportunities, or to avoid pitfalls (de Neufville &
Scholtes, 2011). Despite sophisticated modeling techniques, we cannot know the future. No matter
how hard we try to create reliable projections, the forecasts are always wrong, and new information
frequently takes us by surprise. Rather than to expect more accurate forecasts, we need to adapt to
circumstances as they arise. To achieve the best possible results, we need designs that can be
modified to easily take advantage of new opportunities, or to mitigate bad outcomes. Design
options that do not account for a range of possibilities that may occur over the full asset lifecycle,
run the risk of either leaving value untapped, or of incurring major losses. An uncertain future
provides a range of opportunities and risks. We can best deal with these, and maximize value, if
we build flexibility into our designs (de Neufville and Scholtes, 2011).

When a project is built with flexibility, it contains an option. The flexibility can be
harnessed at a point in the project’s development when new information is available. At that time,
it may be appropriate to expand, abandon, maintain, or scale-back the project. These decision
points are called “flexibility candidates,” and represent possible points of divergence from the
original plan, or dedicated points of decision established in the original design (de Neufville &
Scholtes, 2011).

In Figure 2, four examples of flexible design for a hydropower facility are pictured. In the
top two, the location of the penstock and water levels are shown. The opportunity to use a lower
penstock increases the amount of available water for hydropower use, as does increasing the level
of storage behind the dam wall. In the lower left diagram, capacity for increasing the height of the

dam is shown. And in the lower right, the open civil works of a turbine bay is pictured; since
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turbines are often a very expensive component, it may make financial sense to construct the bay,
but wait to buy the turbine, thereby purchasing an option to install the turbine later. Though it is
not pictured, pumped storage is another possible flexible design candidate. Of course, these
decisions could be made post hoc from a statically designed facility, but the cost of conversion
would be significantly higher.

Figure 3: Examples of Possible Flexible Design for Hydropower
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Source: Dr. Kenneth Strzepek, MIT

de Neufville and Scholtes (2011) have created a framework for using flexible design at the
project level. They describe the flexible design process as having four steps. The first is to estimate
the distribution of possible future outcomes. This range is likely to be much larger than designers
typically consider. The process involves identifying important decision-making factors, analyzing
trends, and creating a model. The second step is to identify candidate flexibilities unique to the
project. This includes three steps: 1) the use of a screening model to evaluate various design
options, 2) the identification of flexibility points based on the model, and 3) the development of
costs structures for each option. Step three is to evaluate and chose among the flexible-design

options. This step includes an evaluation of each design over a range of uncertainties, a comparison
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of performance over different criteria, and a sensitivity analysis. The final step is to implement

flexibility. Figure 3 summarizes the process.

Figure 4: Process for Implementing Flexibility
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Optionality, embedded in a project, creates additional value because the decision itself has
value, which is tied to the additional cash flows available from the optioned project. The option
gives access to those cash flows. The value of any hydropower project is based on the potential
cash flows from that project, which will accrue to the owners. To make design decisions, these
cash flows are discounted and compared with those of other design configurations. The usual
manner of assessing the value of a project is to use a discounted cash flow (DCF) approach, and
then subtract the capital investment required by the project. That yields a Net Present Value (NPV).

If this is a cumulative-value project NPV it will reflect the market value of all the potential
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incremental cash flows of the project. Cumulative-value NPVs are held in contrast to static NPVs,
which are expected valuations without optionality.
Secondary Concepts

Three other concepts also permeate this dissertation, and should be mentioned. The first is
the importance of hydropower for Africa’s development; the second is decision-making under
uncertainty, specifically the uncertainties of climate change; the third is public private partnership.
These concepts provide the context within which the model is useful.

Hydropower for Southern Africa. Hydropower, as a renewable energy source, holds great
promise in Southern Africa; however, it also presents significant challenges. PIDA is calling for
an expansion of generation capacity of over 54,000 MW to help close the continent’s electricity
gap (United Nations, 2014; Van Der Wat, 2013). Within the PIDA framework, a Priority Action
Plan calls for $21.3 billion specifically for hydropower (Cervigni et al., 2015). However, realizing
the plan will be challenging for several reasons. For example, hydropower plants have been
environmentally disruptive, and therefore face political challenges. In addition, hydro’s large up-
front costs expose investors to cost overruns and construction delays, both of which place returns
at risk (Ansar et al., 2014). And, while demand for electricity has been established (Castellano
2015), the rate at which transmission and distribution lines can be extended to customers remains
in question. This translates into demand uncertainty, which can place investors’ capital at risk.

Large dams attract controversy because they involve complex decisions in the areas of
technical and economic efficiency, equity, and ecological and environmental impact (Biswas and
Tortajada, 2001). Amidst the debate on whether large dams are a stepping stone to a more
sustainable future, four international organizations signed a World Declaration on Water Storage

for Sustainable Development (Kyoto, 2012) to make a case for the importance of water storage
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and hydropower infrastructure. I[COLD, the International Commission on Irrigation and Drainage,

the International Hydropower Association, and the International Water Resources Association all

look to an uncertain and resource-constrained future when they advocate for the value of well-

designed and well-managed dams. Within the Kyoto agreement, these international bodies urge

that water infrastructure can help meet society’s challenges in the following key areas:

¢ Flood management and drought mitigation, in the face of more severe and frequent floods due
to climate change

e Irrigation for food production, to expand viable crop growth beyond traditionally arable land

e Energy production, as a renewable, storable, and carbon-free energy source to improve the
reliability and sustainability of power sources

e Drinking water and sanitation, expanding access to the 1 in 8 people who lack safe water for
drinking and cooking.

e Industrial water supply, offering a needed resource for new industries in developing countries

The groups claim these projected benefits of dams accrue to society when the hydropower projects

are well-adapted to local conditions and when these projects are legitimately executed.

However, the post hoc impact of large dams is rarely studied in practice. Ansar et al.
surveyed the realized costs of hydropower projects and found them plagued by significant cost
overruns (2014). The study suggests that hydro-project planners tend to take an “inside view” of
projects, i.e. they focus intently on the issues at stake in the project under consideration, instead of
looking to the collective set of experiences and possibilities of a large set of projects. The “inside
view” results in overly optimistic projections of time, costs, and benefits of their decisions.
Hydropower advocates dispute the findings of the Ansar et al. study, questioning the data, and

showing that cost recovery has not been a detrimental issue (Nombre, 2014).

32



The two groups disagree about outcomes such as actual time to construct, average cost,
and the degree of cost overrun. While these are seemingly items of fact, the measurements often
depend assumptions and counterfactual benchmarks. This type of disagreement highlights the
complexity of decision-making surrounding proposals of large projects under uncertainty. To
reconcile the different views, advocates of large dams typically make a strong general case for the
available benefits of large dams, provided they are well planned and efficiently delivered and
operated. By contrast, post hoc studies have often focused on the actual value capture of these
projects, revealing the issues encountered during planning and delivery that have eroded the
idealized value of dams. Chief among these are uncertain and variable environmental linkages,
build costs, and realized production values (Ansar et al., 2014).

Decision-Making Under Climate Uncertainty. Decision-making under climate change is
itself a topic that has received attention in recent years, as climate change further increases the
level of investment uncertainty, and possible risk. In response, several decision-making tools have
emerged, to help planners address climate uncertainties. Current climate models show that the
future climate will be very different from the past, but they disagree on whether specific locations
will be wetter or drier. For a hydropower facility, this means that investors may face a dry future,
with lower than expected flows, and a project with the inability to return the initial capital costs to
build it. This could lead to an overbuilt facility. On the other hand, there is also the chance of a
wet future, in which investors would want to capture larger than expected flows. In this case
investor prefer additional capacity. To help manage these uncertainties, a variety of tools have
emerged. These include benefit-cost analysis under uncertainty, and the process of “robust

decision making.” Each method has its strengths and weaknesses, and all offer answers to related,
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but sometimes different questions. While these topics are essential to this thesis, further discussion
is saved for the case studies.

Public Private Partnerships. PPPs are a means of financing public works projects that
involve both the public and private sector. The World Bank offers this definition: A long-term
contract between a private party and a government entity, for providing a public asset or service,
in which the private party bears significant risk and management responsibility, and remuneration
is linked to performance (World Bank, 2014). These partnerships can take a variety of forms, but
usually proceed with an initial investment from the private sector, followed by a concession period,
during which the investing entity receives a return on that investment. Eventually the project in
question reverts to public ownership and management.

When private sector funding is needed, there are three primary models:

1. BOOT (Build, Own, Operate, Transfer) — In this case the company owns the project
for the duration of the concession. At the end, it is transferred back to the host
government, usually free of charge. The concession period is long enough for the
concessionaire to recover its initial building costs, and profits from operations.

2. BTO (Build, Transfer, Operate) — In this case a private company is contracted to build
and operate the facility, but ownership remains in public hands. The public sector
maintains more control over the project, but is also exposed to risks of mismanagement
by the private sector.

3. Parastatal — In this case a public project is financed by private debt using a parastatal
company as the borrower. The project is then supported by Sovereign Guarantees.

Projects that do not qualify for private funding will need to remain in the public sector. In poorer

nations, these will require some form of concessionary financing arrangement, usually from grants
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and other credits, and on terms that the private sector cannot offer. However, development banks
are hopeful that they will be able to partner with private parties for energy asset investment.

The African Development Bank (AfDB) is taking steps to help attract private financial
capital to the continent, for energy infrastructure. In 2012, the Bank targeted 10 energy projects
financed by the private sector, including combined cycle projects, hydropower projects, waste-to-
energy projects, and Africa’s largest wind farm located at Lake Turkana. The Bank invested nearly
US $400 mm of its resources toward US$ 2 billion worth of energy projects (African Development
Bank, 2017). According to the Bank, PPPs have emerged as one of the most attractive ways to
foster development. The trend has been fueled by a lack of public investment, growing pressures
on government budgets and a general concern about service provision by state agencies. PPPs have
taken place mainly in infrastructure, such as power, transport, telecommunications, and water and
sanitation.

For more PPPs to emerge in Africa, countries will need to improve their business climates,
as serious constraints now exist in many countries. These include inadequate legal and regulatory
frameworks, a lack of technical skills to manage contracts and projects, an unfavorable investor
perception of country risk, Africa’s limited role in global trade and investment, small market size,
limited infrastructure and limited financial markets. The African Development Bank is
encouraging African countries to create the necessary legal and regulatory framework for PPPs;
as well as facilitating networking and sharing of experience among regulatory agencies and other
similar organizations (AfDB, 2016).

As an illustration of a large-scale PPP consider the following example of the Nam Theun 2

hydropower plant in Laos:
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The Nam Theun 2 Hydropower (NT2) energy export project in Laos, illustrates a unique
blend of the vehicles presented above. According to a World Bank review, “Nam Theun 2
demonstrates that it is possible to privately finance a large and complex project in a small
and economically weak country. It also demonstrates how a single project can dramatically
improve economic growth, and contribute to poverty reduction and environmental
protection (Head, 2006).”
The project is a trans-basin hydropower project consisting of a 48-meter-high dam
on the Nam Theun River. The reservoir covered 450 square meters. Power production at
the time of conception was estimated at 1,070 megawatts/yvear. 95% of this power is sold
to Thailand, and the remaining 5% to Laos. When the NT2 closed its financing, it boasted
several firsts: 1) it was the largest ever foreign investment in the Lao PDR, 2) it was the
world’s largest private sector cross-border power project financing deal, and 3) it was the
largest hydroelectric project ever to use private sector financing (World Bank, 2005).
The financing structure was built as follows:
o US 3500 M came as debt from foreign commercial banks and Development
Finance Institutions

o US 8450 M came as equity

o US 3500 M came as debt from Thai commercial banks (Asian Development
Bank, 2012)

The capital structure features a debt to equity ratio of 72/28, and the private sector
supplied about 85% of the total cost. The project was developed as a BOOT (Build, Own,
Operate, Transfer) and cost $1.2 billion. The concessionaire is a locally registered special

purpose company, the Nam Theun 2 Power Company (NTPC), of which the Government
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of Laos owns 25%. NTPC contracted to finance and develop the project, and then to
operate it for 25 years. After that, it will revert to the State free of charge. During the
concession period, the Government will receive dividends, royalties and taxes amounting
to 880m/year (Head, 2012).

To make the project bankable, and secure financing, a power purchase agreement
(PPA) was established between NTPC and the Electricity Generating Authority of
Thailand (EGAT). This was a 25-year agreement for NTPC to supply 5,636 GWh/year to
EGAT on a take-or-pay basis. This means that sales were guaranteed. The tariff was
predetermined and denominated half in US$ and half in Thai Baht, to avoid exposure to
local currency devaluation (Head, 2012).

Funds for the 25% equity portion of NTPC, which is owned by the Government of
Laos, amounted to $87 M. This was raised through concessionary loans and grants.
However, money was made available to the Lao Holding State Enterprise (the Government
holding company) as a loan at commercial rates. This difference in rates created an
additional revenue stream for the government (Head, 2012).

International debt totaling $350m has been raised from export credit agencies
(ECAs). Multilateral banks insured this debt against political risk by offering guarantees.
However, debt coming from Thai commercial banks (about $500 M) is uncovered for
political risk. The project showcases the use of the credit enhancement mechanisms now
being offered by the MDBs. Guarantees only covered $126 M (excluding export credits),
or 10% of the total cost, but they provided sufficient confidence to leverage a much larger

sum from international sources. The public sector provided only 15% of the total project
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cost, and much of this was concessionary lending for the purchase of the Laos government

equity shares (Head, 2012).

To satisfy transparency requirements, the Head Contractor extended an RFP to
five subcontractors, who bid competitively for participation. The winning group holds most
of the construction risk. All have fixed-price contracts with some provision for sharing
geological risk with the Head Contractor and NTPC. The Thai power authority also shares
some of the hydrological risk. The Government of Laos is protected from risk, except
through its 25% holding in NTPC (Head, 2012).

The project was originally developed in 1993, but did not close until 2005,
reflecting one category of risk. NGO opposition led to a series of additional social and
environmental impact studies. By the time these were completed the region was suffering
badly from the 97 Asian financial crisis. To mitigate future opposition, the project
provided 349 M to cover the cost of a social and environmental management program
(Head, 2012).

Real options can offer insight to some of the details appearing in PPP contracts; however,
it should be noted that these contracts can be very complex and an ROA will only inform certain
aspects of the agreement, especially where optionality is included. Finally, since the subject of
PPPs is a very complicated one, this dissertation will not delve far into the topic. The point of
introducing the topic here is merely to mention that ROA can be used to develop valuable
information to inform PPPs. This concept will be further illustrated, especially in the Inga case.

This section has defined and illustrated the three primary concepts of financial options, real

options, and flexible design. It has also discussed the secondary topics of application for these
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concepts: hydropower in Africa, decision-making under uncertainty, and public private

partnerships. The following chapter offers a typology of real options and their usefulness.
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CHAPTER IV
TYPOLOGY OF OPTIONS

Financia