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Preface

= 0.2.1 Qil Shale

— 0.1 Background

= 0.2.2 Fracking

0.2 What's Hot in the

Energy Markets?
0.0 Introduction - — 0.2.3 LNG Exports

0.3 Overview of the
Book

0.2.4 Oil Boom Shifts
Energy Geopolitics

- Preface References

he Preface presents a preview of what the reader will find if he or she

keeps turning the pages of this book. More specifically, I discuss why the
book was written and some of the current hot topics in the energy markets.
I also give an overview of how this book is organized.

0.1 BACKGROUND

I grew up in New Orleans, which is in a state with a fairly sizable energy
industry. Although Louisiana’s energy industry suffered because of Hurri-
cane Katrina and the BP oil spill, it is still thriving. For example, the exis-
tence of oil shale in the Gulf of Mexico and advances in fracking technology
have opened new possibilities for Louisiana’s energy industry. Hopefully
this book will be useful to energy market participants in my home state as
they still attempt to recover from the devastation of Hurricane Katrina and
the BP oil spill (ETA 2012; Good 2011).

Xiii
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For a substantial part of my academic studies and professional life, I
have been involved in energy-related work.

® The mathematics and computer models developed in my Harvard doc-
toral thesis are utilized to study the transient stability analysis of electri-
cal power systems (Mack 1986).
® I conducted some of my Harvard doctoral thesis research at Sandia
National Laboratories. Lockheed Martin manages Sandia for the U.S.
Department of Energy’s National Nuclear Security Administration.
® My London Business School MBA thesis included applications to
electricity and weather derivatives (Mack 1999).
® As a university faculty member, I worked on a consulting/research
contract for Lockheed Martin Energy Systems.
® For a couple of years, I worked on real options applications to valua-
tion of aircraft investments and fuel cost hedging when I was a faculty
member of the MIT Sloan School, a Boeing Welliver Fellow, and a Boe-
ing faculty researcher (Mack 2011a), (Mack 2011b).
m Some of my work at financial institutions in the United States, London,
and Asia involved the structuring and trading of energy and commodities
derivatives. This included a stint as a power options trader at Enron.
® I currently consult, advise, and/or lecture on energy and commodities
derivatives in the United States, United Kingdom, and Asia for
m Fitch 7City Certificate in Quantitative Finance Programme (http:/
cqf.com/lecturers?page=2)

m Fitch 7City Corporate and Finance Consulting Division (www
fitchlearning.com/uk/corporate-and-finance-division)

# AlgoAnalytics Trading and Financial Analytics (http://algoanalytics.com)

® Market Express Financial News and Research (http:/www
.marketexpress.in)

u Terrapinn Group Singapore (www.terrapinntraining.com/our-faculty/
dr.%20iris %20mack)

0.2 WHAT'S HOT IN THE ENERGY MARKETS?

Energy producers are confronted with a host of challenges in trying to pro-
vide safe and affordable energy sources to consumers. Technological break-
throughs coupled with a thirst for the next major energy find are unlocking
the door to potentially “hot” energy sources all across the globe. In this sec-
tion we discuss the following hot topics in the energy markets:

= Discovery of new oil shale sources
® Advances in fracking technology
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® Liquefied natural gas (LNG) exports
® Qil boom shifting global energy geopolitics

0.2.1 Shale

Natural gas and crude oil are important primary fossil fuels. The common
use of petroleum is often restricted to the liquid oil form, that is, crude oil.
Crude oil is a complex mixture of hydrocarbons derived from the geologic
transformation and decomposition of plants and animals that lived hun-
dreds of millions of years ago.

Shale oil is an alternative to conventional crude oil. Shale (shown in
Figure P.1) is a dark fine-grained laminated sedimentary rock formed by
compression of successive layers of clay-rich sediment. Oil shale is a fine-
grained shale containing oil. When heated, oil shale yields petroleum or
natural gas. Figure P.2 shows a schematic overview of why shale may be an
interesting source of energy in the U.S. market.

SURFACE
FOOTPRINT

ICE WALL

HOLES

SHALE BED

FIGURE P.1  Shale

Source: U.S. Bureau of Land Management.
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More than
4 trillion BOE of oil
shale in Colorado, Utah,
Wyoming...much more
than total world crude

oil reserves
_ Rising oil prices
Energy Why oil shale making commercial
self-sufficiency is hot exploitation of oil shale
more feasible
Employment
generation

FIGURE P.2 U.S. Shale Oil Resources

Note: Barrel of oil equivalent (BOE) is a unit of energy based on the approximate energy
released by burning one barrel (42 U.S. gallons) of crude oil.

SHALE OIL

Shale oil is an alternative to conventional crude oil. Shale is a dark
fine-grained laminated sedimentary rock formed by compression of
successive layers of clay-rich sediment.

0.2.2 Fracking

Hydraulic fracturing (“fracking”), illustrated in Figure P.3, involves the use
of a high-pressure blend of chemicals, water, and sand injected into gas-
bearing rock formations deep underground to free trapped gas and bring it
to the surface. Critics of fracking argue that this extraction process can pol-
lute the air and ground water. Conversely, proponents of fracking maintain
that it is safe when performed properly (Drajem 2013; Edwards 2013; Fox
2010; McElroy and Lu 2013; Nearing 2012).
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HYDRAULIC FRAGTURING (FRACKING)

Hydraulic fracturing (“fracking”) involves the use of a high-pressure
blend of chemicals, water, and sand injected into gas-bearing rock
formations deep underground to free trapped gas and bring it to the
surface.

Some of the forecasted benefits of shale exploration are as follows
(MarketWatch 2013):

= The United States is projected to become the largest producer of oil by
2020.

= By 2030 the United States is projected to become a net exporter of oil.

= It is projected that by 20335, the United States should be fairly self-
sufficient in energy.

= The prospects of many U.S. energy companies should greatly improve.

Tanker truck Pump truck

FIGUREP.3 Fracking
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0.2.3 Liquefied Natural Gas Exports

Liquefied natural gas (LNG) is natural gas that has been cooled to approxi-
mately =256 degrees Fahrenheit so that it can be transported from regions
with a surplus of natural gas to those with a deficit. In its liquefied state,
natural gas takes up 1/600th of the space of uncooled gas. Figure P.4 shows
the complete LNG production process. LNG is much easier to ship and
store when pipeline transport is not feasible. As world energy consumption
increases, experts anticipate that the LNG trade will grow in importance.

Transportation

Condensate CO, Removal
Removal

: Mercury and

Dehydration H,S Removal

Refrigeration

Liquefaction

Storage and
Loading

Transportation
and Marketing

FIGURE P4 Liquefied Natural Gas (LNG) Production Process
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Natural gas
industry

208

Natural gas
production

Electric power Homes
generation Gas is liquefied through

( super-cooling process

Pipelines distribute + f’
natural gas to ]

m f— —
consumers —
o, ‘ /
o) LNG is moved in special

) ships to terminals in

LNG is regasified at the consuming countries
terminals into natural gas
through heating process

FIGUREP.5 How Liquefied Natural Gas (LNG) Reaches Gas Customers

Shale development has led to an increase in the U.S. domestic natu-
ral gas production. There are more than 110 LNG facilities operating in
the United States. Depending on location and use, an LNG facility may be
regulated by various federal and state agencies. U.S. producers are making
moves to export LNG due to an oversupply in the U.S. natural gas markets
and because the global demand for LNG is increasing. In Figure P.5 we illus-
trate how LNG reaches gas customers (FERC 2013).

LIQUEFIED NATURAL GAS (LNG)

Liquefied natural gas (LNG) is natural gas that has been cooled to
approximately —256 degrees Fahrenheit so that it can be transported
from regions with a surplus of natural gas to those with a deficit.

LNG facilities may provide one or more of the following services:

= Export natural gas.
® Provide natural gas supply to the interstate pipeline system.
® Provide natural gas to local distribution companies.
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® Store natural gas for periods of peak demand.
® Produce LNG for vehicle fuel or for industrial use.

0.2.4 0il Boom Shifts Energy Geopolitics

We have a revolution here. This is the equivalent of a Category S hur-
ricane.

Larry Goldstein, Director of the

Energy Policy Research Foundation

Large quantities of oil and gas have been discovered in the Americas—
from Canada, to the United States, to Colombia, to Brazil. Most of these
newly discovered energy resources are embedded in shale rock. This energy
boom is shifting global energy geopolitics, potentially resulting in energy
independence for various countries in the Americas (Forero 2012).

In 2005 the United States imported 60 percent of its liquid fuels. Later
in 2011, the U.S. liquid fuels imports declined to 45 percent. This downward
trend was due in part to:

® The economic downturn in the United States
= Improvements in automobile efficiency

= Reliance on biofuels

= Fracking

0.3 OVERVIEW OF THE BOOK

An energy derivative is a derivatives contract based on (derived from) an
underlying asset such as crude oil, natural gas, electricity, and so forth. Some
energy derivatives are traded on an exchange. There are also over-the-counter
(privately negotiated) energy derivatives such as forwards or swap agreements.
The value of an energy derivative will vary based on the changes in the price
of the underlying energy product. In this book I present three ways energy
derivatives are utilized by energy market participants (see Figure P.6).

ENERGY DERIVATIVE

An energy derivative is a derivatives contract based on (derived from) an
underlying asset such as crude oil, natural gas, electricity, and so forth.
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XXi

Risk Management
(“Hedging”)

* Energy market

participants buy or sell
energy derivatives to

hedge against
fluctuations in the

movement of underlying

energy prices.

Speculation
(“Trading”)

* Speculators use energy
derivatives to profit from
the changes in the
underlying price of
energy products and to
amplify those profits
through the use of
leverage.

FIGUREP.6 Applications of Energy Derivatives

Portfolio
Diversification

* Investors may use energy

derivatives when

allocating assets in their
portfolio to help smooth
out unsystematic risk

events.

Some of the key features of this book are the numerous examples,
industrial case studies, and illustrations of various theoretical concepts from
the energy markets. This book should make for a handy resource manual
for energy market participants, Wall Street and hedge fund traders, consul-
tants, academic researchers, regulators, and students interested in careers in
energy trading and risk management.

The structure of the chapters of this book is as follows:

Chapter 1: Energy Markets Fundamentals—physical forward, futures,
spot, intraday, balancing and reserve markets; congestion and
transmission rights

Chapter 2: Quant Models in the Energy Markets—stochastic models
for estimating electricity spot and forward prices
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Chapter 3: Plain Vanilla Energy Derivatives—global commodity ex-
changes, stochastic pricing models for vanilla derivatives, their roles
and limitations in the energy markets

Chapter 4: Exotic Energy Derivatives—stochastic pricing models for
exotic derivatives, their roles and limitations in the energy markets

Chapter 5: Risk Management and Hedging Strategies—hedging strate-
gies for the energy markets, risk management, the “Greeks,” quant
models utilized to manage energy risk

Chapter 6: Illustrations of Hedging with Energy Derivatives—examples
and case studies of how energy market participants can use energy
derivatives to protect against large price fluctuations

Chapter 7: Speculation—key trading terminology, fundamental and techni-
cal analysis; speculation in the oil, natural gas, and electricity markets

Chapter 8: Energy Portfolios—modern portfolio theory (MPT), energy
portfolio management (EPM), portfolio optimization, economic
load dispatch case study

Chapter 9: Hedging Non-Linear Pay-Offs Using Options—a wind en-
ergy case study designed and coauthored by Dario Raffaele

Chapter 10: Case Study: Hydropower Generation and Behavioral Fi-
nance in the U.S. Pacific Northwest—a hydroelectric case study de-
signed and coauthored by Bill Dickens

Back-of-book content—a compilation of all the references listed at the
end of each chapter

It is our hope that our readers utilize this book as a resource to help

grapple with the very interesting and oftentimes complex issues that arise
in energy trading and risk management. Please note that it was my goal to
include a chapter on energy regulations in this edition of my book. However,
due to the current political gridlock in Washington, D.C., over the imple-
mentation of the Dodd-Frank Wall Street Reform and Consumer Protection
Act, many regulatory issues are currently in flux. As a result, most of the
research I conducted on the regulations chapter was basically obsolete by
the time this book went to press (CFTC 2010).
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