THE ARTS

CHILD POLICY

CIVIL JUSTICE

EDUCATION

ENERGY AND ENVIRONMENT
HEALTH AND HEALTH CARE
INTERNATIONAL AFFAIRS
NATIONAL SECURITY
POPULATION AND AGING
PUBLIC SAFETY

SCIENCE AND TECHNOLOGY
SUBSTANCE ABUSE

TERRORISM AND
HOMELAND SECURITY

TRANSPORTATION AND
INFRASTRUCTURE

WORKFORCE AND WORKPLACE

Environment, Energy, and Economic Development

A RAND INFRASTRUCTURE, SAFETY, AND ENVIRONMENT PROGRAM

This PDF document was made available
from www.rand.org as a public service of
the RAND Corporation.

Jump down to document w

The RAND Corporation is a nonprofit
research organization providing
objective analysis and effective
solutions that address the challenges
facing the public and private sectors
around the world.

Support RAND

Purchase this document

Browse Books & Publications

Make a charitable contribution

For More Information

Visit RAND at www.rand.org
Explore the RAND Environment, Energy, and

Economic Development Program

View document details

Limited Electronic Distribution Rights

This document and trademark(s) contained herein are protected by law as indicated
in a notice appearing later in this work. This electronic representation of RAND
intellectual property is provided for non-commercial use only. Unauthorized
posting of RAND PDFs to a non-RAND Web site is prohibited. RAND PDFs are
protected under copyright law. Permission is required from RAND to reproduce,
or reuse in another form, any of our research documents for commercial use. For
information on reprint and linking permissions, please see RAND Permissions.


http://www.rand.org/pdfrd/publications/permissions.html
http://www.rand.org/pdfrd/
http://www.rand.org/pdfrd/ise/environ/
http://www.rand.org/pdfrd/pubs/monographs/MG927/
http://www.rand.org/pdfrd/
http://www.rand.org/pdfrd/research_areas/arts/
http://www.rand.org/pdfrd/research_areas/children/
http://www.rand.org/pdfrd/research_areas/civil_justice/
http://www.rand.org/pdfrd/research_areas/education/
http://www.rand.org/pdfrd/research_areas/energy_environment/
http://www.rand.org/pdfrd/research_areas/health/
http://www.rand.org/pdfrd/research_areas/international_affairs/
http://www.rand.org/pdfrd/research_areas/national_security/
http://www.rand.org/pdfrd/research_areas/population/
http://www.rand.org/pdfrd/research_areas/public_safety/
http://www.rand.org/pdfrd/research_areas/science_technology/
http://www.rand.org/pdfrd/research_areas/substance_abuse/
http://www.rand.org/pdfrd/research_areas/terrorism/
http://www.rand.org/pdfrd/research_areas/infrastructure/
http://www.rand.org/pdfrd/research_areas/workforce/
http://www.rand.org/pdfrd/pubs/monographs/MG927/
http://www.rand.org/pdfrd/pubs/online/
http://www.rand.org/pdfrd/giving/contribute.html
http://www.rand.org/pdfrd/ise/environ/

This product is part of the RAND Corporation monograph series.
RAND monographs present major research findings that address the
challenges facing the public and private sectors. All RAND mono-
graphs undergo rigorous peer review to ensure high standards for

research quality and objectivity.



Natural Gas and
Israel’s Energy Future

Near-Term Decisions from
a Strategic Perspective

Steven W. Popper, Claude Berrebi, James Griffin,
Thomas Light, Endy Y. Min, Keith Crane

Supported by the Y&S Nazarian Family Foundation

ﬁ Environment, Energy, and Economic Development

A RAND INFRASTRUCTURE, SAFETY, AND ENVIRONMENT PROGRAM



The research described in this report was supported by the Y&S
Nazarian Family Foundation and was conducted under the auspices of
the Environment, Energy, and Economic Development Program within
RAND Infrastructure, Safety, and Environment.

Library of Congress Cataloging-in-Publication Data

Natural gas and Israel’s energy future : near-term decisions from a strategic perspective /
Steven W. Popper ... [et al.].
p. cm.
Includes bibliographical references.
ISBN 978-0-8330-4886-8 (pbk. : alk. paper)
1. Gas industry—TIsrael. 2. Natural gas reserves—Isracl—Forecasting. 3. Energy
policy—Israel. 4. Strategic materials—Israel. I. Popper, Steven W., 1953—

HD9581.1772N38 2009
333.8'233095694—dc22
2009041685

The RAND Corporation is a nonprofit research organization providing

objective analysis and effective solutions that address the challenges facing

the public and private sectors around the world. RAND’s publications do

not necessarily reflect the opinions of its research clients and sponsors.
RAND?® is a registered trademark.

© Copyright 2009 RAND Corporation

Permission is given to duplicate this document for personal use only, as long
as it is unaltered and complete. Copies may not be duplicated for commercial
purposes. Unauthorized posting of RAND documents to a non-RAND
Web site is prohibited. RAND documents are protected under copyright law.
For information on reprint and linking permissions, please visit the RAND
permissions page (http://www.rand.org/publications/permissions.html).

Published 2009 by the RAND Corporation
1776 Main Street, P.O. Box 2138, Santa Monica, CA 90407-2138
1200 South Hayes Street, Arlington, VA 22202-5050
4570 Fifth Avenue, Suite 600, Pittsburgh, PA 15213-2665
RAND URL: http://www.rand.org
To order RAND documents or to obtain additional information, contact
Distribution Services: Telephone: (310) 451-7002;
Fax: (310) 451-6915; Email: order@rand.org


http://www.rand.org/publications/permissions.html
http://www.rand.org
mailto:order@rand.org

Preface

This document assesses the opportunities and risks that the govern-
ment of Israel faces in shifting to an energy mix increasingly domi-
nated by domestic and imported natural gas. The analysis seeks to help
the Israeli government choose robust strategies for exploiting the use of
natural gas by minimizing the potential consequences of relying more
heavily on natural gas. It does this by applying newly developed meth-
ods for strategic planning and decisionmaking under deep uncertainty
for these assessments. The analysis also considers broader issues related
to energy in Israel.

This document is a summary of the research that the RAND
Corporation conducted for this project. A more detailed and technical
discussion may be found in the following:

* Popper, Steven W., James Griffin, Claude Berrebi, Thomas Light,
and Endy Y. Min, Natural Gas and Israel’s Energy Future: A Strate-
gic Analysis Under Conditions of Deep Uncertainty, Santa Monica,
Calif.: RAND Corporation, forthcoming,

Funding for this study was generously provided by the Y&S
Nazarian Family Foundation. The foundation wishes to contribute to
the further development of Israeli society by making objective analy-
ses available to Israel’s officials and to the Israeli public in support of
public-policy decisionmaking. The foundation also wishes to enhance
the level of public discussion in Israel on such national issues as energy

policy.
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iv. Natural Gas and Israel’s Energy Future

This document will be of interest to decisionmakers and staff in
several offices of the government of Israel and to its lawmakers. It will
also be of interest to those wishing to understand how planners and
decisionmakers may craft strategies and courses of action when all the
relevant information is not only unknown but, to a certain degree,
unknowable. Those inside and outside Israel who have interest in the
country’s energy, economic, and environmental future will find this
study to be of value.

The RAND Environment, Energy, and Economic
Development Program

This research was conducted under the auspices of the Environment,
Energy, and Economic Development Program (EEED) within RAND
Infrastructure, Safety, and Environment (ISE). The mission of ISE is
to improve the development, operation, use, and protection of soci-
ety’s essential physical assets and natural resources and to enhance the
related social assets of safety and security of individuals in transit and
in their workplaces and communities. The EEED research portfolio
addresses environmental quality and regulation, energy resources and
systems, water resources and systems, climate, natural hazards and
disasters, and economic development—Dboth domestically and inter-
nationally. EEED research is conducted for governments, foundations,
and the private sector.

Questions or comments about this monograph should be sent to
the project leader, Steven W. Popper (Steven_Popper@rand.org). Infor-
mation about the Environment, Energy, and Economic Development
Program is available online (http://www.rand.org/ise/environ). Inqui-
ries about EEED projects should be sent to the following address:

Keith W. Crane, Director

Environment, Energy, and Economic Development Program
ISE

RAND Corporation

1200 South Hayes Street


mailto:Steven_Popper@rand.org
http://www.rand.org/ise/environ
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Arlington, VA 22202-5050
703-413-1100, x5520
Keith_Crane@rand.org


mailto:Keith_Crane@rand.org




Contents

Preface ................ iii
Figures ... ... ... xi
Tables ... xiii
Summary ... XV
Acknowledgments ... xxiii
Abbreviations. ... XXV
CHAPTER ONE
Introduction.................... 1
Background ... 1
Objectives and Approach................ooooi 2
Outline of This Monograph ... 5
CHAPTER TWO
The Supply of Natural Gas and Other Options for Generating
Electricity ... 7
An Overview of Israeli Supply Sources......................o 7
Specific Elements of Supply: Natural Gas...................oooo 8
Off-Shore Domestic Deposits ..............cooiiiiiiiiiiii, 8
GAZA L 11
Eastern Mediterranean Gas...................ooooiiiii 11
Other Potential Sources of Natural Gas Through Pipelines............... 11
Liquefied Natural Gas...............ooo 12
Specific Elements of Supply: Alternatives to Natural Gas.................... 14
Coal. . 14
Residual Fuel Oil and Diesel ...................o 15

vii



viii Natural Gas and Israel’s Energy Future

Solar-Thermal Energy ... 16
The Demand Side for Electricity.................... 17
CHAPTER THREE
How Large a Role Should Natural Gas Play in Israel’s Energy

X 21
Robust Decisionmaking: A Different Approach to Planning................ 21
Determining Criteria for Selecting Robust Natural-Gas—Use

SErategies ... 26
Creating Alternative Natural-Gas—Use Strategies............................ 28
Generating Future States of the World ... 31
Selecting Robust Natural-Gas Strategies....................ooooiii. 35
Enhancing the Robustness of Strategies............................c. 41
Implications of the Analysis....................o.o 44
CHAPTER FOUR
What Natural-Gas Supply-Infrastructure Strategy Is Robust? ......... 45
Criteria for Evaluating Natural-Gas Supply-Infrastructure Strategies..... 46
Generating Strategies for Ensuring Supplies of Natural Gas ................ 47
Generating Future States of the World ... 48
Evaluating Performance of Strategies in the Absence of Supply

Emergencies....... ... 49
Evaluating Performance of Strategies During a Supply Emergency......... 51
Implications from the Analysis.....................o 55
CHAPTER FIVE
Implications from the Analyses........................................ 57
OVEIVIEW ... 57
Implications. .......o.ou 58

Curbing Growth in Demand for Electric Power Is Israel’s First

Line of Defense for Energy Security.......................oo. 59
Israel Should Adopt a Two-Stage Planning Process for Decisions

on Expanding Generating Capacity .......................oooon. 60
Israel Should Primarily Invest in Natural Gas—Fired

Combined-Cycle Power Plants, Provided That Sufhicient

Supply May Be Ensured to Fuel These Plants.......................... 61



Contents ix

In Most Futures, Israel Would Be Well-Advised to Obtain
Natural Gas from EMG Through Long-Term Supply

Contracts, If the Fuel Is Competitively Priced ......................... 62
Israel Should Prepare for, but Not Complete, an LNG Terminal at
This Point in Time. .. ...oooree e 62

Israel Needs to Maintain a Diversified Mix of Fuels, Including

Renewable Nonfossil Fuels, for Generating Electric Power........... 63
The Israeli Government Should Regulate Wholesale and Retail

Prices of Domestically Produced Natural Gas on the Basis of

the Cost of Imported Gas and to Ensure an Attractive Rate of

Return for Domestic Producers.......................................... 63
Israel Should Guard Against Disruptions in Natural-Gas Supplies

by Storing Diesel Fuel, Not Natural Gas, to Smooth Future

Supply DIsSruptions ............ooooiiiiiiiii 64
Israel Should Continue with Plans to Build an Inland

High-Pressure Natural-Gas—Distribution Pipeline to Parallel

the Existing Offshore Pipeline .................... . 65

Final Thoughts ............... 65

Bibliography .................... 67






Figures

2.1.
2.2.
2.3.
3.1.
3.2.
3.3.
3.4.
4.1.

4.2.

4.3.

Electric Power Generated by Various Fuels in 2007.............. 8
Natural-Gas Exploration Fields Off the Shore of Israel......... 10
Comparison of Israel’s Average Electric-Power Tariffs with
Those of Other Countries................ooooiiii, 18
Schematic of Robust Decisionmaking Approach............... 24
New Power-Plant Capacity Installed Between 2008 and

2030 by Candidate Strategies Under the Same Scenario

ASSUMPTIONS . ... 35
Distribution of Relative Additional System Costs of

Candidate Strategies, 2021-2030................cooiiiiinnn. 36
Comparison of Three Modified-Form Natural-Gas—Use
Strategies Relative to Baseline Strategy........................... 4t
Percentage of Scenario Outcomes for Each Strategy That

Meets Threshold Criteria...................ocoo 51

Expected Total Cost Relative Regret of Four Natural-Gas
Supply Strategies with Respect to LNG/DDW Premium

Cost Ratio ... 53
Expected Domestic Deepwater Reservoir Depletion of

Four Natural-Gas Supply Strategies with Respect to the

Level of Natural-Gas Demand........................... 54

xi






Tables

3.1.  The Candidate Strategies for Use of Natural Gas in Israel...... 32
3.2. Distribution of Relative Additional System Costs
(2021-2030) and 2030 Emission Outcomes of Candidate

Strategies. ... ... 38
3.3. Percentage of Scenarios in Which Each Strategy Meets
Metric Criteria ...........ooooiiiiiii 40

3.4. DPercentage of Scenarios in Which Each Modified-Form
Strategy Meets the Metric Criterion Thresholds
Compared to Nonmodified-Form Strategy...................... 43

Xiii






Summary

Introduction

Israel’s electric-power system needs new capacity to meet the demands
of its growing economy. Because of long lead times, Israel will need to
make expensive, momentous decisions on investing in new base-load
generating capacity in the near future. Those charged with planning
as well as those who determine and implement policy need to consider
likely future levels of demand, the costs and availability of sources of
supply, security of supply, reliability, environmental effects, and land
use. Decisions have to be made under conditions of deep uncertainty
about what the future may have in store.

This study assessed the opportunities and risks the government of
Israel faces in shifting to a greater reliance on domestic and imported
natural gas. The analysis seeks to help the Israeli government engage
in managed change by choosing robust strategies that minimize poten-
tial consequences of relying more heavily on natural gas. It does so by
applying newly developed methods for strategic planning and decision-
making under deep uncertainty to these assessments.

In particular, the study applies an innovative, quantitative robust
decisionmaking (RDM) approach to the central question of how large
a role natural gas should play in Israel’s energy balance. Rather than
relying on the typical planning method of trying to optimize plans
around a small number of “most likely” scenarios, RDM helps plan-
ners discover strategies that are robust—i.e., strategies that perform well
across a large range of plausible futures. Given that we cannot predict

XV
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the future, we use RDM to examine the available alternatives and ask
which would be best to choose.

We used the RDM methodology to answer the following ques-
tions:

* How risky would it be for Israel to greatly increase its use of natu-
ral gas to meet future demand for electricity?

* What combination of fuels would be most beneficial for Israel?

* How should Israel’s natural-gas infrastructure be expanded to
accommodate necessary increases in electric-power generation?

e What actions can Israel take to guard against future uncertain-
ties?

* How can Israel guard against supply disruptions in natural gas?

Our contribution was to build an analytical framework that planners
in Israel may use as a tool to explore these questions in detail. In our
study, we perform an analysis designed to demonstrate the use of this
tool. Our report on the analysis is divided into two parts. We first con-
sider strategies for natural-gas utilization that would lead to different
levels and patterns of demand for the fuel. We did not wish to presup-
pose any particular volume of natural-gas use and instead sought to
derive this level analytically. We then consider strategies for ensuring
the supply of the resulting demand for natural gas.

This document is a summary of the more detailed, technical dis-
cussion found in Popper et al. (forthcoming).

How Large a Role Should Natural Gas Play in Israel’s
Energy Mix?

To evaluate the strategic options for utilization, we set acceptable
threshold levels for total system costs out to the year 2030, greenhouse
gas (GHG) emission levels in 2030, and the land area required to sus-
tain the electricity generating capacity called for by different strategies.
This threshold setting would be set by Israel’s planners and policy-
makers in their application of this tool.
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We judged alternative strategies based on how well they perform
in comparison with each other against these criteria across many dif-
ferent plausible futures. We generated 1,400 future states of the world
by varying assumptions about future demand, prices, technologies,
policies, and external developments. We simulated the results of imple-
menting several strategies in each of these future worlds.

We began with simple strategies, discovered how they failed in
certain scenarios, and then modified them to be more robust. We
found that making the strategies inherently adaptive—that is, framing
them in the form of set rules for observing and then acting on external
triggers—led to more successful outcomes across scenarios. This process
yielded seven strategies for our final analysis. The first (Baseline) was a
typical result of planning that sets an optimal course based on forecasts
of future demand and other technical variables. It was not designed
for adaptation. To this, we added three forms of rule-based, adaptive
strategies. One (Least Cost, or LC) always seeks the least-cost solution
for supplying Israel’s energy. Another (Less Natural Gas, or LessNG)
seeks a cautious balance between fuel types to minimize the effects of
possible natural-gas supply cutoffs. The third (More Natural Gas, or
MoreNG) seeks to maximize the use of natural gas. Each of these three
exists in two forms—one unmodified and another that allows for the
construction of renewable, non—fossil fuel generating capacity and for
policies to enhance conservation (Least Cost + Conservation, or LCC;
LessNG + Renewables + Conservation, or LessNGRC; and MoreNG +
Renewables + Conservation, or MoreNGRC).

We found that plans that are inherently adaptive enhance robust-
ness and, therefore, the chance of meeting Israel’s goals. Another strong
finding is that the combination of demand management and utilizing
several energy sources, particularly adding non—fossil-fuel alternatives,
enhances robustness. When demand is left unchecked and follows
the high-growth assumptions, it becomes quite difhicult to choose any
strategy that will meet each of the cost, emission, and land-use mea-
sures. Finally, we found that a strategy that rapidly enhances the use of
natural gas in Israel can both be consistent with the interests of Israel’s
people and provide security against various risks.
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Robust Natural-Gas Supply-Infrastructure Strategies

The principal objection to greater use of natural gas is that its supply
could be less reliable than coal or petroleum. What level of natural-gas
use may Israel plan without raising exposure to unacceptable risks in
the supply of this fuel? For this analysis, we posed several further ques-
tions: What infrastructure is needed to meet Israel’s long-term natural-
gas demand, and at what cost? How rapidly would different strategies
deplete Israel’s newly discovered domestic reserves?’ How easily can
Israel accommodate abrupt reductions in future deliveries of natural
gas through foreign import pipelines?

To address these questions, we used a similar RDM analysis to
examine the alternatives for additional natural-gas supply through
2030. In particular, we looked at supply from newly discovered domes-
tic deepwater (DDW) reserves and from imports in the form of lique-
fied natural gas (LNG).

We examined four basic strategies. In one, Israel draws all addi-
tional future supply from DDW reserves. In another, Israel first relies
on this resource and then adds LNG later when needed. In two others,
Israel builds out both fuel paths at the same time. In one, it relies pri-
marily on DDW reserves as the main supply, with LNG as a supple-
ment. The other does the reverse to prevent too-early depletion of the
domestic supply. We crafted a number of different strategies around
each of these four basic forms, varying amounts and types of storage
of natural gas and backup fuels, levels of storage, amount of supply
taken from the existing foreign supply pipeline, and level of “insur-
ance” Israel seeks in the form of infrastructure designed to make up for
possible supply disruptions.

As before, we chose criteria for assessment. In this case, we set
acceptable thresholds for supply-system costs, depletion of domestic
reserves, and potential unmet demand. Again, it will be necessary for
Israel’s planners and leaders to set the appropriate thresholds to move

I The depletion of any new natural-gas deposits under Isracl’s control will most likely not

occur by 2030, the end date of this study. However, the strategies that will shape the period
beyond 2030 will be chosen and put in place well before that year.
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beyond the proof-of-principle analysis in this monograph. When look-
ing solely at the question of adequacy of supply, we found the following:

* The DDW Only strategy is insufficient unless long-term demand
remains low and deliveries from now-existing foreign pipeline
sources exceed 3.5 billion cubic meters (BCM) per year.

e For higher levels of demand, a second source of supply, such as an
LNG terminal, is needed in addition to domestically produced
natural gas.

e If Israel can rely on foreign supply of an annual 7 BCM of natu-
ral gas through foreign pipeline imports, the DDW Then LNG
approach can meet demand and postpone the high capital costs
associated with building an LNG terminal.

Israel’s policymakers must determine what are acceptable costs or
rates of depletion and whether one is more important than the other.
RDM is a means to make the trade-offs between strategies explicit and
to determine which factors should govern the choice among them. To
illustrate this capability, we asked how different strategies would com-
pare in the face of an abrupt disruption in supply. We simulated a one-
year shutoff of all supplies through foreign pipeline sources in 2025.
We found no change in the rank order of preferred strategies when we
varied assumptions about the probability of a supply cutoff. But, when
we looked at our assumptions about the ratio between costs uniquely
associated with the LNG supply chain and those for DDW-derived
natural gas, we found that this ratio played an important role in iden-
tifying the most-robust strategies.

A findinglike this provides decisionmakers with a concrete descrip-
tion of what the trade-offs are and what drives the differences between
strategies. The analysis also suggests that Israel would be doing well to
develop its newly found domestic resources as a principal means for
meeting future natural-gas demand. Given the lead times for construc-
tion of both this and a potential LNG fuel stream, the final decision
on the latter might be left until the full costs and potential benefits of
the former are better known. An LNG infrastructure is insurance for
Israel, but building it too early may impose unnecessary costs on the
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country. It is also clear from the full analysis (reported in Popper et al.,
forthcoming) that, as natural-gas dependence grows, the requirement
for storage of standby switch fuels, principally diesel, both on site and
in central repositories, will become more crucial to ensuring that large
portions of electricity generation capability are not placed at risk by
unforeseen discontinuities of supply.

Implications of Analyses

This study carefully laid out the competing objectives and constraints
facing Israeli policymakers while directly confronting the problem of
deep uncertainty. Our goal was to demonstrate the value of an adap-
tive approach to energy-infrastructure planning as well as to identify
those elements of adaptive plans for natural gas that enhance the abil-
ity to achieve successful outcomes under many different sets of future
conditions.

In doing so, we arrived at several implications. They should be
viewed as indicative but not necessarily conclusive. In particular, while
we had no means to assign priorities among the various goals we con-
sider in this study (supply security, costs, emissions, land use, deple-
tion of domestic reserves), the government of Israel would need to do
so in applying our analytical framework. This would most likely alter
several of the implications derived from our analysis. Since complet-
ing this proof-of-principle analysis, a possiblity has arisen for technol-
ogy transfer and collaboration with planners in Israel that would allow
more authoritative inquiries into government choices. Therefore, we
now discuss only those findings that appeared most strongly from the
initial effort. Their value lies in pointing to the most-fruitful avenues
for Israel’s planners to investigate in greater detail using the tools we
have created for this project. We will present a fuller set of findings,
including those more dependent on policy priorities, in a supplemental
report when that work is complete.
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Curbing growth in demand for electricity is Israel’s first line of
defense for energy security. No factor had as much influence on
scenario outcomes as slower growth in electricity demand.

Israel should adopt a two-stage planning process for decisions
on expanding generating capacity. The first stage should use cur-
rent planning techniques to make decisions on capacity additions
through 2015. However, for capacity additions beyond 2015, a
more adaptive approach should be initiated that separates the
planning process from the construction decision.

Israel may primarily invest in natural-gas combined-cycle
(NGCCQC) power plants, provided that sufhicient supply may be
ensured to fuel these plants.

Israel should take delivery of contracted volumes from its current
foreign supply source and consider new contracts up to the physi-
cal maximum available through the existing pipeline, if competi-
tively priced.

Because of cost and vulnerability concerns, Israel should prepare
for, but not yet invest in, an LNG terminal.

Israel needs to maintain a diversified mix of fuels for generat-
ing electric power to reduce risks to the supply and cost of fuel.
Despite higher costs, Israel should invest in some solar-thermal
electric-power plants or use solar thermal to preheat steam for
fossil fuel-fired power plants.

The Israeli government should regulate the wholesale and retail
prices of domestically produced natural gas based on the cost of
imported gas.

Because the costs of the available options for storing natural gas
are so high, Israel should guard against disruptions in natural-
gas supplies by storing sufficient quantities of diesel—not natu-
ral gas—to smooth future supply disruptions.

Israel should continue with plans to build an inland high-pressure
natural-gas distribution pipeline to parallel the existing offshore
pipeline.
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CHAPTER ONE
Introduction

Background

Israel’s electric-power system is running out of capacity to meet the
demands of its growing economy. In recent years, capacity utiliza-
tion has sometimes neared the limits of the system. For example, on
January 30, 2008, peak demand hit 10,200 megawatts (M'W) out of
the Israel Electric Corporation’s (IEC’s) installed generating capacity
of 11,323 MW. Because Israel’s grid is not connected to those of its
neighbors—the more usual state of affairs elsewhere in the world—
Israel is an electric-power island, depending solely on itself for all of its
electricity. This means that even a small decrease in the reserve buffer
between demand and capacity threatens the stability of its electric-
power system. When capacity is so heavily used, if just one major plant
goes off-line, Israel could be subject to blackouts.

On May 29, 2007, the Ministry of National Infrastructures
(MNI) announced that, unless substantial investments are made in
new capacity or Israeli households and businesses make extraordinary
efforts to conserve electricity, it expects a shortfall of 8,000 MW in the
next decade. The MNI asked the IEC, the near-sole supplier of elec-
tricity to the Israeli grid, to put together plans to build an additional
4,000 MW, including two 1,200-MW coal-fired power plants, under
an emergency plan drafted by the MNIL

Because Israel has had heretofore only limited domestic deposits
of fossil fuels, it has relied on imported fuels to satisfy demand. How-
ever, for political reasons, Israel has not been able to turn to the energy-
rich Arab states for supplies. Thus, for reasons of cost and security of
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supply, Israel has shifted, during the past three decades, from oil to
coal as the primary fuel for base-load electric-power generation. By the
year 2000, coal provided more than 70 percent of Israel’s electricity,
with most of the balance coming from diesel and heavy fuel oil.

Imported coal has its problems as well. Coal plants are large and
expensive and need to be sited next to a source of cooling water and close
to a terminal for unloading coal, which means they need to be sited
along Israel’s densely populated coast. Unless outfitted with expen-
sive pollution-control equipment, coal-fired power plants emit large
amounts of sulfur dioxide and other pollutants. Among fossil fuels,
burning coal releases the most greenhouse gas (GHG—principally
carbon dioxide, or CO,) per unit of energy. Because Israel is likely to
join the rest of the developed world in seeking to reduce its emissions
of CO, and other GHGs, adding substantial coal-fired capacity to
Israel’s electric-power system would make it difhicult, if not impos-
sible, for Israel to reduce emissions of CO, in the next two decades.

In this decade, Israel has discovered substantial sources of natural
gas in its own domestic waters. Further, a natural-gas pipeline from
Egypt was constructed, providing a source of imported natural gas.
As a result of this access to natural gas, Israel now has opportunities to
satisfy future demand for electricity with a mix including natural gas
and renewable fuels in addition to coal. However, greater use of natural
gas also raises several risks for Israel—risks that surface against a future
fraught with profound unknowns.

Objectives and Approach

Because of long construction lead times, Israel will need to make
expensive, momentous decisions on investing in new base-load gen-
erating capacity in the near future. In particular, it will have to make
decisions on how large a role it wishes natural gas to play in both pro-
viding electricity and in Israel’s overall energy supply. Beyond making
decisions on what fuels to utilize, Israel will also need to invest in the
infrastructure needed to supply natural gas to power plants and other
users. In particular, the government will need to devise strategies to
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ensure that the supply of natural gas is reliable, competitively priced,
and secure. This study was designed to help Israel’s government make
these decisions by assessing Israel’s strategic alternatives for utilizing
natural gas in the coming two decades.

Decisions about energy and the attendant national energy infra-
structure are complex. Power plants are expensive and have long lives.
Decisionmakers need to project such things as likely future levels of
demand, the costs and availability of various sources of supply, security
of supply, reliability, environmental effects, and land use. Such deci-
sions have to be made under conditions of deep uncertainty about what
the future may have in store. Guessing wrong could have profound
implications, even for the security of the state.

Unfortunately, long-term prediction often proves to be a losing
game in such circumstances. The many unknowns and too many pos-
sibilities for surprise often make the fruits of such an endeavor difh-
cult to trust. In this study, RAND researchers applied an innovative,
quantitative robust decision method approach, robust decisionmaking
(RDM), to long-term policy analysis." Rather than trying to develop
plans around a small number of “most likely” scenarios—which is
what planners typically do—RDM links the creativity and adaptabil-
ity of the human mind with the power of computers to design an array
of strategies that are robust—i.e., perform well across a large range of
plausible futures.

To determine what actions Israel could take in the near term that
would be most likely to see natural gas used most effectively and so
provide Israel with stable, safe, and secure electric power in the next
20 years (the time frame we examined is out to 2030), we employed the
RDM methodology to answer the following questions:

* How risky would it be for Israel to greatly increase its use of natu-
ral gas to meet future demand for electricity?

* What combination of fuels would be most beneficial for Israel?

* How should Israel’s natural-gas infrastructure be expanded to
accommodate necessary increases in electric-power generation?

' The RDM methodology is explained in greater detail in Chapter Three.
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* What actions can Israel take to guard against future uncertain-
ties, such as changes in prices in the global energy market, that
would put stress on its economy or compromise its security?

* How can Israel guard against supply disruptions in natural gas?

Our report on the analysis is divided into two parts. We first con-
sider strategies for utilization of natural gas and then consider strategies
for ensuring supplies.

This monograph is a summary of the research we conducted over
a period of two years. Part of our project consisted of interviews with
government officials, private energy-sector individuals, researchers,
and analysts combined with several workshops held in Israel designed
to bring together participants to focus on specific topics related to
our research. In addition, we developed a detailed series of computer
models of Israel’s energy economy. Popper et al. (forthcoming) pro-
vides a more detailed, technical discussion of how we developed tens
of thousands of future scenarios for Israel and conducted rigorous, sys-
tematic explorations of those scenarios to develop strategic insights for
Israel’s energy policy. That report also highlights the tools and models
specific to Israel that we developed for transfer to and use by Israel’s
planners. This monograph provides an overview of our methods and
findings.

Our findings should be viewed as indicative but not necessarily
conclusive. They point to the mostfruitful avenues for Israel’s plan-
ners to investigate in greater detail using the tools we have created.
We conducted extensive interviews in Israel, but, as rich as our data
set became, we did not have available the full set of information pos-
sessed by, or access to discussions occurring within, the government of
Israel. This project was focused on building tools and providing proof
of principle of those tools. These tools are designed to be operated in
tandem with Israel’s planners. We stand ready to provide the tools and
assist in their use.
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Outline of This Monograph

In the remainder of this monograph, we start by providing a lay read-
er’s guide to the issues of electricity generation and natural-gas supply
and utilization in Israel (Chapter Two). The interviews we conducted
provided much of this content while also aiding the modeling efforts
discussed in the following chapters.

In Chapter Three, we briefly explain how we employ computer
models using the RDM approach not to improve predictions about the
future but rather to ask this question: Given that we will not be able
to accurately predict the future, how may we determine which strategy
for natural-gas utilization is most likely to achieve Israel’s long-term
goals? This will also serve as a guide to Chapter Four, in which we also
employ the same approach.

In Chapter Three, we first try to determine what would be an
appropriate level and manner of natural-gas use for Israel. We delib-
erately leave the issue of supply as separate because we first wanted to
determine analytically the most preferred configuration of utilization
for Israel to meet several goals related to economics, health, environ-
ment, and land use.

In Chapter Four, we use the RDM approach with a different set
of models to explore in more detail than we could with the previous
modeling framework what strategies for ensuring the supply of natural
gas would be most robust in light of Israel’s future natural-gas needs.

Chapter Five presents the main conclusions that derive from the
analysis.






CHAPTER TWO

The Supply of Natural Gas and Other Options for
Generating Electricity

In this chapter, we provide a lay reader’s guide to the issues of electric-
ity generation and natural-gas supply and utilization in Israel. The goal
is to enable better understanding of the utilization and infrastructure
strategy analyses in Chapters Three and Four, respectively. We start
by laying out the overall energy-supply picture in Israel, before delv-
ing briefly into more detail about the specific elements of that supply.
Because the demand side of the equation plays a large role in dealing
with supply-side strategies, we also briefly discuss issues surrounding
Israeli demand for electricity.

An Overview of Israeli Supply Sources

As noted in Chapter One, Israel has discovered deposits of natural gas
and is beginning to rely more on them as an option for generating
electricity. However, although natural gas already produced 20 percent
of Israel’s electric power in 2007, the nation still relies most heavily on
coal to generate electricity—more than 60 percent (Figure 2.1). The
balance is accounted for by the use of diesel and fuel oil.! Because of
growth in demand for electricity and the recent availability of natural
gas, Israeli planners and policymakers now face the decision of how
these shares should shift in the coming two decades. In particular,

' Fuel oil is also known as heavy or residual fuel il or resid. It is the fraction that remains
after refining the high (gasoline) and middle (diesel) distillates from petroleum.
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Figure 2.1
Electric Power Generated by Various Fuels in
2007
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what share of electricity should be generated by natural gas and what
share by other fuels?

Specific Elements of Supply: Natural Gas

Israel has a number of potential sources of natural gas, each offering
benefits and imposing costs. These include offshore domestic reserves,
imports from abroad by pipeline—currently from Egypt but potentially
from central Asia or other countries in the Middle East through yet-to-
be constructed pipelines, and imports of liquefied natural gas (LNG),
which would necessitate the construction of an LNG terminal.

Off-Shore Domestic Deposits

Yam Tethys. In contrast to its petroleum and coal supplies, Israel
has commercially significant domestic reserves of natural gas. In 1999,
commercial quantities of natural gas were discovered in Israel’s coastal
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waters (Figure 2.2).2 For the first time, Israel could claim a significant
supply of a fossil fuel. The project to exploit these offshore reserves
became know as the Yam Tethys (Tethys Sea) project. Yam Tethys is
now the source of all of Israel’s current domestic production. Reserves
have been estimated at 32 billion cubic meters (BCM). At consump-
tion levels of 5 BCM per year, which is roughly the level of recent
Israeli consumption, as of the end of 2008, Yam Tethys’s remaining
reserves are equivalent to about four years of total Israeli consumption.

In 2002, following the discovery of Yam Tethys, the Knesset
passed a Natural Gas Sector Law as a companion to the already exist-
ing Israel Petroleum Law (MNI, undated). It also created a Natural
Gas Authority within the MNI.3 In addition, the government-owned
Israel Natural Gas Lines Corporation (INGL) was made responsible
for building the high-pressure gas pipelines to supply major users, such
as electric-power stations and large industrial customers. In February
2004, INGL began taking shipments of natural gas from its delivery
point in Ashdod. Its first customers were power plants operated by the
IEC. Eventually, INGLs high-pressure pipelines are supposed to feed a
lower-pressure pipeline network for retail customers. This will be built
and maintained by independent gas-distribution companies.*

New Domestic Deepwater Reserves. In January 2009, the discov-
ery of another large gas field was confirmed in the Tamar concession
within the Matan field located in Israel’s northern territorial waters,
roughly parallel with the port of Haifa (Figure 2.2). This reserve is
farther off-shore than Yam Tethys, about 90 kilometers, and in much
deeper waters. Initial estimates for recoverable reserves from Tamar
were in the range of 80 to 90 BCM, roughly three times the reserves
of Yam Tethys. Following the discovery, press reports suggested that

2 The discoveries were made at the Noa and Mari-B exploratory concessions held by a
consortium headed by subsidiaries of the Delek Group in partnership with Noble Energy of
Houston, Texas.

3 The MNI manages all of Israel’s natural resources and oversees the development of the
energy, water, and sewer sectors.

4 According to its government charter, INGL may only provide transportation services
through its high-pressure pipelines. It may not purchase gas for resale, store it, or establish
low-pressure pipelines for wider distribution.
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Figure 2.2
Natural-Gas Exploration Fields Off the Shore of Israel
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reserves might be considerably higher, perhaps twice initial estimates
(“Tamar Wildcat Finds Subsalt Gas Off Israel,” 2009).5 A smaller reserve
was subsequently located at the Dalit concession. Based on the appar-

> Later reporting put the size of the find at 142 BCM (“Dalit Reservoir Contains 15 Billion
Cubic Meters of Gas,” 2009). More-recent estimates put it at 207 BCM (Bar-Eli, 2009).
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ent success of this discovery, other offshore explorations are now under
way in Israel.

Gaza

At about the same time that the Yam Tethys fields were discovered,
natural gas was also discovered off the coast of the Gaza Strip. The
Gaza Marine field has estimated reserves of about 35 BCM, slightly
larger than the estimates for Yam Tethys. The government of Prime
Minister Ehud Barak set aside this field as a resource to be at the dis-
posal of the Palestinian Authority or a Palestinian state that might
succeed it. Israel is expected to be a customer for this gas. However,
no development work has been undertaken to date for several reasons,
including the ongoing political turmoil in Gaza.

Eastern Mediterranean Gas

In the early 1980s, the Egyptian government, with assistance from
the World Bank, began to develop Egypt’s natural-gas reserves for
both export and domestic consumption. Israel was the most attrac-
tive nearby market for this difficule-to-transport commodity. In 2000,
Eastern Mediterranean Gas and Oil (EMG) was formed as an Egyptian
company with Israeli participation. EMG has constructed an undersea
pipeline from El Arish in Sinai to the Israeli port of Ashkelon, with a
design capacity of 7.0 BCM per year, the maximum that EMG (and,
presumably, Egypt) has so far indicated that it will agree to supply
to Israel. On July 1, 2005, the IEC signed a contract with EMG for
1.7 BCM of natural gas per year for 15 years, with an option for an
additional 5 years. In May 2008, the first natural gas purchased by
EMG from Egypt began to flow to Israel’s power plants. This agree-
ment, coupled with the supply that the IEC receives from Yam Tethys,
causes many to believe that the day has come when natural gas will
begin to supplant coal as the primary base-load fuel for generating elec-
tric power in Israel.

Other Potential Sources of Natural Gas Through Pipelines
Israel could negotiate with foreign suppliers other than Egypt to pur-
chase natural gas shipped by pipeline. Importing natural gas through a
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new pipeline would entail constructing the pipeline, negotiating tran-
sit agreements with intervening states, and signing long-term supply
agreements.

Natural Gas from Russia and Central Asia. One option would be
to purchase natural gas from one or more of the former Soviet repub-
lics (Azerbaijan, Kazakhstan, Russia, Turkmenistan, or Uzbekistan).
This gas would then be piped through an existing or a newly con-
structed, dedicated Turkish pipeline to the port of Ceyhan on the east-
ern Mediterranean, from which it would be pumped through a new
pipeline to Israel. Given political relations between Israel and its north-
ern neighbors—Lebanon and Syria—a pipeline would probably have
to be routed underwater, with the likely terminus at Haifa.

Natural Gas from the Persian Gulf. Isracl might be able to pur-
chase natural gas from Qatar or even Iraq that would flow through
pipelines running through Jordan and, in the case of Qatar, via Saudi
Arabia. Both countries have major reserves of natural gas; Qatar has
the world’s third-largest proven reserves. Transit pipelines from these
two countries would be cheaper to build and present fewer engineering
obstacles than an underwater pipeline. They would, however, require
major political shifts. Qatar and Iraq are members of the Arab League
and advocates for the Palestinians in their dispute with the government
of Israel. Qatar, however, has exhibited little fundamental enmity to
the state of Israel itself. In previous years, there have been informal
suggestions that Qatar might be willing to entertain the possibility of
selling natural gas to Israel. For a pipeline to be built through Saudi
Arabia, Israel would need to have come to a formal resolution of the
outstanding issues between Israel and the Palestinian Authority. The
same is true for any supply arrangements with Iraq.

Liquefied Natural Gas

Natural gas can be pressurized and supercooled to a point at which
it condenses into a liquid, LNG. LNG occupies just 1/600th of its
gaseous volume. With such a significant reduction in volume, enor-
mous quantities can be transported by a single tanker ship. LNG tank-
ers unload their cargo at marine terminals, which are expensive: They
entail docks, LNG-handling equipment, storage tanks, regasification
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facilities, and interconnections to regional gas-transmission pipelines.
On shore, LNG is stored at atmospheric pressure in double-walled,
insulated tanks. As a precaution against spills or leaks, the storage
tanks are generally surrounded by containment tanks, which limit the
spread of an LNG spill and the potential inflammable vapor cloud.
Although storage facilities can be sited in remote locations, they are
generally located near the population they serve and integrated with
the local gas pipeline network. When needed, LNG from these tanks is
warmed, regasified, and pumped into distribution pipelines.

Terminals to offload LNG can be built entirely offshore and con-
nected to land by underwater pipelines. These types of facilities con-
veniently avoid much of the community opposition and regulatory
challenges that can delay or prevent the construction of onshore LNG
terminals. However, offshore terminals may have adverse environmen-
tal effects, because they use seawater to warm and regasify the LNG.
Regasification lowers the water temperature near the terminal, poten-
tially affecting the local ecosystem.

The Bishop process is an emerging technology for handling LNG
that does not require onshore receiving facilities, including cryogenic
storage tanks, the most expensive elements of the process. In the Bishop
process, LNG is vaporized at the point of discharge from the ship and
is delivered as a gas. It can then be injected into an underground stor-
age complex or directly into a pipeline for distribution. Underground
caverns offer greater storage capacity than aboveground tanks. If nec-
essary, ships can be unloaded miles from the storage caverns, thus pro-
viding more flexibility and security. However, the Bishop process uses
large volumes of seawater to warm the LNG. In this process, the seawa-
ter cools to the point that any living thing passing through the system
is likely to die.

In addition to their environmental risks, Israeli LNG facilities
might prove tempting targets for terrorists or more-traditional enemies
in time of war. The potential hazard may be reduced somewhat if the
LNG-receiving facility is also built offshore, but this adds considerably
to the initial capital and operating costs.

Despite these concerns, the value of an LNG facility to Israel could
still be substantial, because it could provide a source of gas if supplies
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transported through foreign pipelines were disrupted. It would also
provide Israeli companies with greater bargaining power when they
negotiate for supplies with foreign countries or domestic suppliers. In
May 2007, the MNI announced that it would tender a feasibility study
investigating different options for an LNG facility that would require
about $500 million in investment. However, the actual final cost could
vary greatly, depending on the resulting design.

Specific Elements of Supply: Alternatives to Natural Gas

Coal

Like the rest of the world, Israel has found coal to be an attractive fuel
for generating electricity. It is the cheapest fossil fuel, is abundant, is
easy to transport, and is easy to store. Because coal reserves are ubiq-
uitous, Israel can purchase coal from many countries, and, because
of the large number of suppliers, supplies cannot be precipitously dis-
rupted for long periods. These features have motivated Israeli govern-
ment planners to employ an informal administrative rule of thumb
that coal-fired power plants should account for at least 50 percent of
Israel’s total generating capacity.

Israel currently has three coal-fired power plants on two sites.
One of the nearer-term decisions that Israel must face is whether to
go forward with constructing a long-planned fourth coal-fired power
plant. Known as plant D, this plant would provide additional base-load
capacity and increase the size of Israel’s reserve margin. It would hedge
against risks to the supply of other fuels.

Constructing coal plants is expensive. In addition, although coal
is relatively cheap, if the full societal costs of operating a coal-fired
plant were to be levied, the advantage of a lower price for coal would
be eroded. Adding more coal to Israel’s base load would inevitably
increase the carbon footprint of all goods and services in Israel. Israel
is a signatory to the Kyoto Protocol, and, although Israel is currently
considered a developing country and, thus, not required to cut GHG

emissions, the Kyoto Protocol is being renegotiated, and the terms
could change (see UNFCCC, undated). In a world in which countries
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that import Israeli goods are designing policies to reduce emissions of
CO,, including emissions generated when imported goods are manu-
factured, Israeli companies could be put at a competitive disadvantage
if Israeli products are manufactured using electric power generated by
coal. The rules, regulations, and policies applied abroad (and domesti-
cally) to curtail emissions of CO, will have a major effect on the attrac-
tiveness of another coal-fired power plant.

There are also less tangible considerations. The local and national
opposition to plant D has been profound. A coal-fired plant has a larger
physical presence (e.g., tall chimneys) than a plant designed for use of
other fuels and will need to be situated in a prime coastal location;
the end result is that it will have a greater effect on the landscape than
almost any other generating technology. Of even greater concern are
the environmental and health issues related to the particulate matter
and gases emitted by coal-fired power plants. Finally, a decision to con-
struct plant D would commit Israel to a course that might reduce its
ability to make future use of cheaper renewable energy alternatives.

Balancing these considerations, Israeli policymakers have sub-
stantial concerns that a sudden decline in fuel supply could lead to
drastic cuts in service and possibly, in the worst case, emergency load
shedding or even damage to the electric-power grid. Israel is a small
country that is not joined into any wider regional grid; thus, the loss
of even one main plant could place considerable strain on the system.
Coal-fired generating plants are seen by the IEC and the MNI as insur-
ance against these risks.

Residual Fuel Oil and Diesel
Historically, residual fuel oil (mazout in Hebrew) has been the pri-
mary alternative to coal for base-load capacity. It is also used heavily
in smaller power plants for shoulder capacity—that is, capacity that is
switched off when power demand dips. Diesel fuel (soler in Hebrew)
has been the primary fuel used for peaking capacity—that is, capac-
ity that is used when demand for electricity is at its height during the
day.

Israeli decisionmakers have shifted away from residual fuel oil
and diesel in recent years, primarily because of cost. Domestic and
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imported natural gas have become available at prices below those for
residual fuel oil and far below those for diesel. Historically, high world
market oil prices in 2008 made diesel increasingly unattractive for gen-
erating electricity. As a consequence, the IEC has followed government
directives in converting combustion turbines and some of the steam-
driven units from residual fuel oil to operate on natural gas as well.

Solar-Thermal Energy

Solar-thermal plants use sunlight to generate steam to power turbines.
The amount of power generated by these plants depends heavily on
the length of the day, angle of sunlight, and cloud cover. However,
some solar-thermal plants have the capacity to store energy for up to
six hours.

Because sunlight is available only intermittently and because
of the fairly high investment costs of constructing these plants,
solar-thermal plants are not yet commercially competitive with other
sources of electric power. Israel currently has a small (100 KW or
0.1 MW) solar-thermal power plant at Samar, north of the Red Sea
port city of Eilat. It has tenders to build 250 MW of pilot plants in
the Negev desert that will be used to evaluate this technology further.
If the results from Israel’s pilot plant and those elsewhere in the world
are favorable, Israel might develop up to 4,000 MW of solar-thermal
capacity by 2030, although a more conservative estimate is in the range
of 800 to 2,500 M'W.

Israel’s Negev desert provides excellent locations for solar-thermal
plants. In contrast to LNG terminals, solar-thermal plants would be
relatively secure from a direct attack because they would be spread over
a wide area and across several sites. The greatest vulnerability for solar-
thermal power would be transmission lines to carry power from the
south to the coast and the northern parts of the country, where most of
Israel’s population is located.

Solar-thermal plants do require a large amount of land. Alter-
native uses for land in the Negev would appear to be few, but land
requirements for natural-habitat protection and military purposes
might prove to be limitations. Further, the ecological effects of large-
scale solar-thermal arrays are uncertain.
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The Demand Side for Electricity

The preceding discussion focused on the supply side of electricity gen-
eration, but the demand side plays an important role in Israel. Israel is
not a very efficient user of electricity or of energy in general.¢ Because of
its inefficiencies, Israel could potentially constrain growth in demand
for electricity at relatively low cost. A number of countries and states
provide examples. Since the energy shocks of the early 1970s, the state
of California has held overall per-capita energy use constant, despite a
substantial increase in incomes and output over this period (California
Energy Commission, 2007). California has a similar climate to Israel’s
in the main population centers, patterns of economic activity are con-
verging, and, like in Israel, population growth has been rapid. In con-
trast to California, between 1991 and 2000, electricity use per person
in Israel increased by more than 6 percent each year. Per-capita con-
sumption of electric power in Israel is still lower than in California, in
line with appreciably lower per-capita incomes, but the energy-demand
gap is closing more rapidly than the gap in incomes is.

Improvements in efficiency could be fostered through policy mea-
sures. Israel has already put in motion a number of initiatives. In the
summer of 2007, the MNI, along with the Ministry for Environmen-
tal Protection, launched a national plan for electricity conservation
that included such steps as cleaning filters, closing windows, and using
washing machines only when full. In January 2008, the ministries
launched the second phase of the national plan. This consisted mainly
of an information campaign on television and radio to promote ways
to reduce demand, including replacing incandescent light bulbs with
compact fluorescents, turning off electronics when leaving the room,
setting air-conditioning temperatures higher, and installing timers on
water heaters to take advantage of electricity in off-peak hours. Beyond
these measures, greater reductions in demand for electric power could
be fostered by a combination of public investment in infrastructure,
such as “smart grid” information systems that permit time-of-day

6 See, for example, Yehezkel and Robbas (2008) as well as Sverdlov et al. (2003) on eco-
nomic conservation policy.
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pricing and other measures, and incentive programs to match private
investment.

The most effective measure to curtail growth in demand often
proves to be raising the cost of electricity to consumers. Although esti-
mates vary of how responsive Israeli consumers of electricity would
be to higher prices, three Israeli economists estimate that, over time,
a 10-percent increase in electric-power prices would result in a 5.3- to
5.8-percent decline in demand for households and a 3.1- to 4.4-percent
fall for industrial consumers (Beenstock, Goldin, and Nabot, 1999,
pp- 175-177). As of November 2008, Israeli retail tariffs for electric
power averaged $0.127 per kilowatt-hour (kWh). Historically, Israeli
tariffs have been a shade higher than average tariffs in the United States.
However, tariffs are substantially lower than those in a number of
European countries, some of which are poorer than Israel (Figure 2.3).
If Israel were to raise household tariffs to the average rates of the seven
European countries in the figure that charge more for electricity than

Figure 2.3
Comparison of Israel’s Average Electric-Power Tariffs with Those of Other
Countries (2006 data)
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Israel—that is, by 30 to 40 percent—demand for electricity in Israel
might fall by 22 percent.

Taking early measures to enhance energy efliciency in all sectors
of the Israeli economy would likely yield large payoffs, reducing the
amount of energy required to sustain economic growth. Such measures
would reduce Israel’s vulnerabilities to energy-supply shocks and would
also provide the government and the energy-system authorities with
useful information on what energy demand—reduction measures work
and at what cost. This information can be used as a basis for more-
restrictive demand-reduction plans to be used in the case of emergency.






CHAPTER THREE

How Large a Role Should Natural Gas Play in
Israel’s Energy Mix?

In Chapter Two, we described the options that Israel has for obtain-
ing natural gas: domestic sources of supply, imports by pipeline from
Egypt, imports by pipeline from other countries, and LNG. We also
discussed other means for generating electric power, including adding
more coal-fired base-load capacity, continuing the use of residual
fuel oil and diesel, and installing solar-thermal power. Finally, on the
demand side, we discussed making Israel more energy-efficient while
improving utilization of existing capacity.

In this chapter, we evaluate these policy options, and the risks
associated with each, against a series of criteria of key importance to
Israel, with the goal of answering the question of how large a role natu-
ral gas should play in Israel’s energy mix. Contingent on the answer
to that question, in Chapter Four, we want to answer the question of
what level of natural-gas supply may be planned upon without causing
unacceptable exposure to supply risks. In answering both questions, we
use the RDM methodology mentioned in Chapter One. Thus, before
launching into the analysis of the first question, we briefly review the
underlying principles of RDM analysis.

Robust Decisionmaking: A Different Approach to
Planning

In this study, we took on the problem of how to think about a strategy
for using natural gas in Israel out to the year 2030. That is, we sought
to create an analytical framework that could inform the many deci-
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sions that will need to be made across a period long enough that at least
two generations of Israelis will be affected. There is substantial uncer-
tainty about the myriad alternative paths that the future may take
between now and 2030; confronting that uncertainty is at the heart
of the planners’ problem. Therefore, planners must not only address
the question of how natural gas and the manner of its use decrease
or increase various types of risk but also address—given both Israel’s
risk-reduction goals and the objective uncertainties that exist—which
strategies for natural-gas use in Israel appear most robust to uncertain-
ties and surprises.

For centuries, people have used many methods to grapple with
the uncertainty shrouding the long-term future, each with its own par-
ticular strengths. Literary narratives, generally created by one or a few
individuals, have an unparalleled ability to capture people’s imagina-
tion. More recently, group processes, such as Delphi, have helped large
groups of experts combine their expertise into narratives of the future.
Statistical and computer simulation modeling helps capture quanti-
tative information about the extrapolation of current trends and the
implications of new driving forces. Formal decision analysis helps to
systematically assess the consequences of such information. Scenario-
based planning helps individuals and groups accept the fundamental
uncertainty surrounding the long-term future and consider a range of
potential paths including those that may be inconvenient or disturbing
for organizational, ideological, or political reasons.

Despite this rich legacy, these traditional methods all founder on
the same shoals: an inability to grapple with the long term’s multiplic-
ity of plausible futures. Any single guess about the future will likely
prove wrong. Policies optimized to address well-understood risks may
fail in the face of surprise. Even analyzing a well-crafted handful of
scenarios will miss most of the future’s richness and provides no sys-
tematic means to examine their implications.

This is particularly true for methods based on detailed models.
Such models that look sufficiently far into the future should raise
troubling questions in the minds of both the model builders and the
consumers of model output. Yet the root of the problem lies not in
the models themselves but in the way in which models are used. Too
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often, we ask what will happen, thus trapping ourselves in a losing
game of prediction, instead of the question we really would like to have
answered: Given that we cannot predict, which actions available today
are likely to serve us best in the future?

The subtle shift in focus from model forecasts to our true
interest—informing decisions—resolves many of the conundrums.
Instead of determining the “best” model and solving for the strategy
that is optimal (but fragilely dependent on assumptions), we should
instead seek among our choices those actions that are most robusr—
that achieve a given level of “goodness” across the myriad models
and assumptions consistent with known facts. This is the heart of
any robust decision method, such as the RDM we use here.! We use
the word robustness to mean a capacity to yield outcomes that are
deemed to be satisfactory according to some selected assessment cri-
teria across a wide range of future possible states of the world. This is
in contrast to an optimal course of action that may achieve the best
results among all possible plans but carries no guarantee of doing
so beyond a narrowly defined set of circumstances. An analytical
strategy based on the concept of robustness also brings us closer to
the actual policy reasoning process employed by senior planners and
executive decisionmakers.

RDM is a technically rigorous way of doing something that indi-
viduals quite naturally do all the time when facing deep uncertainty. It
is a way of asking a series of “what if?” questions to arrive at a course
of action that appears to be well hedged against a number of possi-
bilities. RDM is a way of doing this in settings so complex that the
innate human capacity we all have individually would become over-
whelmed. It also is an important tool when there is need to generate
logical analyses that may be shared within or among organizations or
used to convince others. It is a means to avoid the policy paralysis that
ensues when different sets of assumptions that are equally valid, given

' More information on robust decision methods may be found, at increasingly technical

levels of discussion, in Popper et al. (2005), Lempert et al. (2003), and Lempert et al. (20006).
Another robust decision method is the Robust Adaptive Planning™ (RAP™) method devel-
oped by Evolving Logic.
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the limited information available, can lead to widely different results if
more-traditional analytical techniques are used.

The essence of RDM is to reverse the usual approach to uncer-
tainty. Rather than seek to characterize uncertainties in terms of prob-
abilities, a difficult task rendered nearly impossible precisely when we
cannot know many of the relevant facts, we instead explore how dif-
ferent assumptions about the future values of these uncertain variables
would affect the decisions we actually face: What would we need to
believe was true to discard one possible strategy in favor of another?

RDM requires using the computer to support an iterative process
in which humans propose candidate strategies or sets of coordinated
actions as being potentially robust across a wide range of futures (as
shown in the schematic in Figure 3.1).

We do so by observing the outcomes from these alternative strate-
gies when we apply them to the plausible future states of the world that
are consistent with the data we have available today. These outcomes
generate an ensemble of scenarios that then are assessed against screen-
ing criteria (metrics for those variables about which we care most—in

Figure 3.1
Schematic of Robust Decisionmaking Approach

Landscape of plausible futures Alternative strategies

Ensemble of scenarios

Y

Robust strategies

RAND MG927-3.1
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this case, for example, fixed and variable costs, emissions, land use,
security of supply). The results may be compared to thresholds that
have been previously set for each metric to define what outcomes are
acceptable. (Some examples for the year 2030 might be that CO, emis-
sions must be below a certain level, and total costs may be within 5 per-
cent of the strategy that would produce the lowest cost under the par-
ticular set of future conditions being examined.)

Once we have identified the elements of a robust strategy, we use
the computer to challenge these strategies in what amounts to stress
tests by using a combination of computer simulation models and
extrapolations from data to discover futures in which these strate-
gies may perform poorly. We do so by running the process shown in
Figure 3.1 in reverse. We use the computer to search for future con-
ditions that would cause a candidate robust strategy to fail. It is also
possible for the analysts to introduce surprises by introducing new sets
of conditions that do not occur in the original landscape of plausible
futures (the outer arrow on the left of the figure). The candidate robust
strategies may then be assessed, revised, and perhaps hybridized (the
outer arrow on the right of the figure) to hedge against these stressing
futures; the process is then repeated for the new strategies. Rather than
first predicting the future to act on it, decisionmakers may now gain a
systematic understanding of their best near-term options for shaping a
long-term future through managed change while fully considering not
all, but at least a vast number of, plausible futures.

For the analyses discussed in this chapter and in Chapter Four, we
built models of Israel’s economy, energy balance, and energy infrastruc-
ture while providing means to vary assumptions about future demand
growth, future energy prices, future technology changes, and other key
factors about which we presently have little information. This gener-
ates many alternative specifications of future conditions. We construct
different strategies and “compete” them against each other in each of
these many future states of the world. We assess outcomes in terms of
how well each strategy does according to measures that are of inter-
est to Israel. We look at the best-performing strategies and test them
further to see what conditions would cause them to fail. According to
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our findings, we then modify them to enhance their ability to perform
under future sets of conditions that caused them stress.

The goal of such an analysis is not to take the decision from the
hands of the policymakers. Rather, it is to provide them with a far
better understanding of what the true trade-offs are among a number
of well-hedged courses of action that have been tested across many
plausible futures. Applying this approach in Chapters Three and Four,
we derive insights for planning Israel’s natural-gas strategy to the year
2030.

Determining Criteria for Selecting Robust Natural-Gas-
Use Strategies

Turning now to the actual process, we start by setting out the crite-
ria for selecting the robust strategies. Decisions on sources of natural
gas will be driven by the relative cost of the various options, secu-
rity of supply, environmental impacts, and land-use requirements—an
important matter for such a small country. Decisions about the propor-
tion of electricity generated by natural gas—powered plants versus other
sources of supply will be made using these criteria. The best future
options for satisfying demand for electricity in Israel will reliably pro-
vide power at globally competitive prices, curtail emissions of CO,,
minimize other emissions, impose minimal demands on Israel’s scarce
coastal land, and be relatively secure from disruption, whether from
natural causes or human-instigated.

In the analysis in this chapter, we judge alternative strategies on the
basis of how well they perform in comparison with each other against
these criteria across many different plausible futures. As noted earlier,
the purpose is not to find the optimal strategy for some assumed set
of future conditions. Rather, we examine the available alternatives and
ask which would we be best advised to choose, given that we cannot
predict the future.

A plausible future is defined by specifying one set of assump-
tions for future conditions as defined by input variables, such as energy
prices, level of demand, technology developments, and administrative
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limits on GHG emissions.? For any particular goal that is of interest
(e.g., system cost, land-use requirements, emissions), at least one and
possibly more strategies will perform the best for that set of assumed
conditions. Had we been given complete future knowledge of what the
future would be like, we would have selected the strategy that performs
best according to the indicator we had chosen. But we rarely possess
such knowledge. Choosing another strategy that does not perform as
well under those conditions would have left us with some “regret” com-
pared to how well we might have done.

Regret is defined as the difference between the performance of the
strategy we pursued and the performance of the strategy that, in retro-
spect, would have been best to have followed if we had possessed full
knowledge of the future when the decisions were made. We conduct
this comparison of scenario outcomes not only for one or a handful of
future scenarios but for thousands. Thus, the concept of regret helps us
measure the consequences of choosing one strategy over another and
leads to better understanding of what makes particular strategies suc-
ceed or fail when compared to the alternatives.

To conduct our analysis, we focused on threshold values of what
would be acceptable with respect to three important criteria. In an
RDM style of analysis, we want to eliminate the “black box” of hidden
assumptions. Therefore, the tools and models we built for the analysis
are designed to be set to any thresholds that Israel’s planners may choose
to explore. In the analysis we report here, they were set as follows:

o System costs: If the system costs in the last ten years of the study
period (2021-2030) of the strategy are within 5 percent of the
costs for the lowest-cost strategy or strategies for the set of condi-
tions represented within the scenario, the strategy is considered
acceptable.

* GHG emissions: 1f, by 2030, GHG emissions for a scenario out-
come are no more than 25 percent greater than the emissions

2 In our analysis, we examine many assumptions for nine such variables defining future
states of the world. This provides our test bed of alternative futures against which to compare
the performance of different strategies under those conditions.
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recorded by Israel in 2005, the scenario strategy is deemed to have
been successful.

* Land use: First, for the electricity-generating infrastructure in
each scenario, we calculate how much land is required on aver-
age to generate a unit of electricity.? If this average in 2030 is no
greater than the average land use required in 2008 to generate
a unit of electricity in Israel, the outcome is successful. Second,
the zotal amount of land used by the infrastructure necessary to
generate the needed amount of electricity must be no more than
50 percent greater than the competing strategy that uses the least
amount of land under the same scenario conditions.*

These represent the criteria used to determine successful scenario out-
comes that would fit within the screening oval in Figure 3.1.

Creating Alternative Natural-Gas-Use Strategies

Strategies are sets of policies under the control of Israel’s government
and other actors, such as the IEC, involved in making decisions about
the supply of electricity. These include decisions about the capacity of
new generating plants and the types of fuel to be consumed; decisions
about investments in supporting energy infrastructure, such as pipe-
lines and LNG terminals; levels of mandated reserve generating capac-
ity; rules setting minimum or maximum shares of generating capacity
by fuel used; dispatch order of electricity generation; administrative
controls on land use; and policies to control GHG-emission levels.

3 The common unit of land area measurement in Israel is the dunam (0.1 hectare), so we
calculated the number of dunams on average per 100 MW installed capacity for each sce-
nario’s electricity-generation infrastructure.

4 Ifa strategy yielded the most-compact electricity-generation infrastructure for a particu-
lar future state of the world and was of size x, then any strategy that yielded an infrastructure
with land area size greater than 1.5x was judged to have failed to meet this criterion. When
we calculated these measures, we weighted land area by “quality” unpopulated desert sites
were given lower weights than urban sites. These weights can be varied in our analytical
framework to generate alternative measures of land use.
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The candidate strategies were each framed in the form of a set of
rules that dictated particular actions be taken based on the observa-
tion of external and system indicators. We deliberately did so to better
identify and understand what elements of successful strategies lead to
the most successful outcomes for Israel regardless of what the future
brings. But we also chose rule-based strategies to explore the value of
an adaptive approach to long-term planning. Prior work has demon-
strated the value of framing long-term investment programs as a series
of rules keyed to observing various external and system-specific indi-
cators when facing great uncertainty, rather than as a preplanned pro-
gram of specific projects. The rules then act as triggers that determine,
in this case, which types of electricity-generating capital are to be con-
structed and when.

We crafted an initial set of simple rule-based strategies, simu-
lated the scenario outcomes of these strategies when applied to the test
set of alternative futures, then used these results to modify the strate-
gies by adding more sophistication and introducing new types. We
followed this procedure several times. Those strategies whose results
were completely dominated by the results of others were dropped from
the set. Successful strategies were retained and modified to enhance
their robustness. The resulting set of strategies (represented by the
“Alternative strategies” oval in Figure 3.1) for our main analysis was
as follows:

* Baseline Strategy. This was our reference strategy. It is the energy
plan that emerges from a widely used optimization-model pro-
gram (the Wien Automatic System Planning, or WASP, model,
discussed later) when it is given a set of assumptions on demand
and costs that correspond to the planning assumptions used by
the MNI. It alone among the candidate robust strategies is not
rule-based and was never modified.

 Less Natural Gas (LessNG) Strategy. This strategy implements a
national program designed to add new gas-fired generating plants
to provide electricity while maintaining a coal-fired base load.
Natural gas—fueled facilities are added and assumed to be used
during those times and conditions when they are economically
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efficient. However, it also adds coal-fired plants for additional
base-load capacity for reasons of cost and security of supply, as
well as to ensure that the integrity of the national grid is main-
tained. In some instances, this strategy may include a cap on
GHG emissions that forces some movement away from coal to
natural gas.

 Least Cost (LC) Strategy. In all the strategies, when reserve mar-
gins are tight and peak power demand approaches capacity limits,
a decision is triggered to build new plant. The LC strategy’s algo-
rithm chooses the least cost’ of the available generating technolo-
gies for this new plant investment—coal, natural gas, or solar. It
also applies the same criteria to pumped storage of energy.

* More Natural Gas (MoreNG) Strategy. This strategy also uses the
reserve margin and fraction of peak power capacity to trigger
additions to new capacity. Like the LessNG strategy, it adds natu-
ral gas—fueled combined-cycle (NGCC) plants and combustion
turbines (CTs). However, in contrast to the LessNG strategy, the
MoreNG strategy has the option of building only one new coal
plant in 2020 and a second in 2025 if needed and is still least cost.
The coal plants are built only if the cost of building and operating
them is less than the cost associated with an NGCC plant. The
MoreNG strategy accelerates the switch from coal to natural gas
to reduce emissions, thereby reducing health and environmental
risks.

The three rule-based strategies were varied by setting various trig-
gers (e.g., caps on GHG emissions, desired share of generation coming
from coal); by using varying sensitivities to components of cost; and
by varying the level of costs that triggered shifts between generation
technologies. These assumptions on future policies were used to model
alternative futures.

5> Cost, if not otherwise specified, means the levelized cost of electricity production (LCOE).
Levelized costs are the average cost of 1 kilowatt of electricity, taking into account the costs
of capital, fuel, operations, and maintenance as well as any charges, such as taxes on GHG
emissions.
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For each of the three rule-based strategies, we generated a
second variant incorporating assumptions about adopting alterna-
tive non—fossil-fuel technologies and efficiency-enhancing policies to
reduce demand. Unlike their simple counterparts, LessNG + Renew-
ables + Conservation (LessNGRC) and MoreNG + Renewables +
Conservation (MoreNGRC) will build renewable-fuel infrastructure
(solar-thermal generation and pumped storage of electricity) up to an
available capacity determined by scenario conditions and will invest
in measures to enhance energy efficiency and thus reduce electricity
demand. LC + Conservation (LCC), which, like its simple version,
will invest in renewable technologies to the degree that the cost of
doing so compares favorably to that for fossil-fuel generating tech-
nologies, may also invest in energy-efficiency measures. Thus, our test
suite of strategies included the Baseline strategy and two forms of
each of the three rule-based strategies. The main points of each origi-
nal candidate strategy are shown in Table 3.1.

Generating Future States of the World

Future states of the world are determined by forces that lie outside the
control of planners. These include future fuel costs, growth in demand
for electricity (not considering new efficiency that may be induced
through policies), limits on GHG emissions, prices for CO, emissions,
the availability of technologies to generate electricity and reduce emis-
sions of GHG and associated costs, changes in the costs of efficiency-
enhancing technologies, and others. We assume various projections for
these factors out to 2030.6 We use these projections to generate a test
set of 1,400 future states of the world. These 1,400 future states are
portrayed in the “Landscape of plausible futures” oval in Figure 3.1.

6 Cleatly, the range of values chosen to represent the spectrum of possible assumptions will
affect the analysis. Too narrow a range may eliminate important possible future states of the
world. Too wide a range may burden the analysis with possibilities that are either implausible
or not of great interest. We utilized information gained in our interviews, publicly available
databases, the academic literature, and trade and professional journals to frame the ranges
for the technical criteria we wished to explore.



Table 3.1
The Candidate Strategies for Use of Natural Gas in Israel

Preferred Build When More Conditions Under Which to Build Renewable-Fuel Power
Strategy Capacity Is Needed Build Coal Plant Plants? Invest in Efficiency Gains?

Baseline According to set plan Called for in plan Yes, if called for in plan No

LessNGRC NGCC 1la Coal and renewables  Yes, to level described in Yes, if LCOE efficiency < LCOE
make up less than 50%  scenario from natural-gas CT
of generation capacity,

b. GHG-emission limit is
not exceeded, and

¢. LCOE coal < LCOE NGCC

-OR-

2a. Coal and renewables
make up less than 40%
of generation capacity,
and

b. GHG-emission limit is
not exceeded.
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Table 3.1—Continued

Preferred Build When More Conditions Under Which to Build Renewable-Fuel Power

Strategy Capacity Is Needed Build Coal Plant Plants? Invest in Efficiency Gains?
LcC Least LCOE among coal, Least LCOE Yes, if LCOE renewables < Yes, if LCOE efficiency < LCOE
NGCC, and renewables NGCC or coal from natural-gas CT

MoreNGRC NGCC In 2020 or in 2025, LCOE coal Yes, to level described in Yes, if LCOE efficiency < LCOE
< LCOE NGCC or renewables scenario from natural-gas CT
(i.e., maximum: 2 plants
total)
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The 1,400 future states of the world were generated by a suite
of three linked simulation models: the Model for Analysis of Energy
Demand (MAED), Wien Automatic System Planning (WASP), and
Long-Range Energy Alternatives Planning (LEAP). The MAED and
WASP are both used by Israel’s planners. MAED projects energy
demand based on such factors as population growth, economic growth,
relative size of different energy-consuming economic sectors, and energy
intensity. It generates detailed load curves—i.e., the varying amounts
of electricity that are needed over the course of a day or season.

The WASP model simulates power-plant dispatch and calculates
the least-cost plan for additions of new power-plant capacity based on
cost and other technical assumptions.

We used the LEAP program to build a detailed model of Isra-
el’s energy economy. The LEAP model is an energy-system simula-
tion model that performs many of the same functions as the MAED
and WASP models. However, it runs more quickly and is less data-
intensive. It allowed us to incorporate outputs from both MAED and
WASP, translate them into yearly figures (the unit of time we used in
our analysis), and conduct integrated simulation runs of different fuel
paths, assumptions about energy infrastructure, domestic demand, and
external drivers and signals, such as prices.

We operated and controlled the three models within the Com-
puter Assisted Reasoning” system (CARs™) software environment.”
CARs is represented by the computer icon in Figure 3.1. CARs is
a computer program that controls the operation of the simulation
models. It runs large numbers of simulations according to an experi-
mental design. CARs allowed us to simulate the results from applying
various strategies across these alternative futures to create thousands
of scenarios. The scenarios generated are represented in the “Ensemble
of scenarios” oval in Figure 3.1. Analyzing the scenarios allowed us to
discover those strategies that would be most attractive in terms of total

7 MAED and WASP are maintained by the International Atomic Energy Agency (IAEA).
LEAP was developed and is maintained by the Stockholm Environmental Institute. The
CARs software was developed by Evolving Logic, which provided access to it for this study.
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cost, reduced emissions of GHGs, and the least requirements for land
while still meeting projected demand for electricity.

Selecting Robust Natural-Gas Strategies

We tested each of our seven strategies by applying them successively to
each of the 1,400 alternative specifications of future conditions. This
generated 9,800 computer-model simulation scenarios tracing changes
in Israel’s electricity-generating sector through the year 2030. We sought
to identify those strategies that would be low in total cost and low in
total GHG emissions and would have low land-use requirements—the
three screening criteria we discussed earlier.

Figure 3.2 shows the new electricity-generating capacity, by gen-
erating technology, that would result from applying each strategy to

Figure 3.2
New Power-Plant Capacity Installed Between 2008 and 2030 by Candidate
Strategies Under the Same Scenario Assumptions
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NOTE: New NGCC and New CT are fueled by currently available natural-gas sources.
New NGCC 2 and New CT 2 are fueled by natural gas from new supply sources.
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the same single future state of the world.® The variants permitting both
renewable-fuel plants and efficiency-improving policies achieve the
least median costs, albeit with some outlier scenarios.

When we compare outcomes of strategies not for one set of con-
ditions but for all 1,400 in our test set, we generate large data sets.
Figure 3.3 gives an example and shows the distribution of outcomes
for each strategy in terms of the present value of total system costs
in the period 2021-2030. Each colored box and extending “whiskers”
is a statistical representation of the 1,400 results that each strategy
generates when measured against this criterion. The vertical axis is
used to show, for each of the 1,400 outcomes from each strategy, how
much more, in percentage terms, it would cost to follow that strategy

Figure 3.3
Distribution of Relative Additional System Costs of Candidate Strategies,
2021-2030 (percentage in excess of minimum total cost)
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SOURCE: RAND calculations.

NOTE: The midpoint line in each box shows the value corresponding to the median
outcome within the distribution that comes from applying that particular strategy
across all scenarios. The top and the bottom lines bounding each box show the 75th-
and 25th-percentile values, respectively. The “whiskers” above and below the boxes
show either the maximum or minimum value in the distribution or the value that is
1.5 times the actual length of the box distant from the top or bottom of the box,
whichever is greater. The dots show individual cases deemed to be outliers.

RAND MG927-3.3

8 'This future state of the world was obtained by setting all model uncertainties to their
midrange assumptions.
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than it would have cost to follow the strategy that exhibited the lowest
cost among all seven strategies for that particular scenario’s conditions.
This generates a distribution of outcomes from the full set of scenarios.

The columns—showing boxes, lines, and dots—thus contain the
outcomes for each strategy. The height of the boxes provides informa-
tion. If the box is tall, it tells us that there is great variation in out-
comes as conditions vary across scenarios; if the box is short, it tells
us that there is relatively little variation. When the box is both short
and close to the zero line, it suggests that, across scenarios, the strategy
never does too badly. In this example, the three strategies that employ
policies to curb demand growth and encourage the use of renewable
non—fossil-fuel technologies—LessNGRC, LCC, and MoreNGRC—
perform the best in this respect for this particular criterion. More spe-
cifically, for MoreNGRC, most of the outcomes are in the low-regret
range, but there are some scenario conditions that would cause the
strategy to generate large regret in terms of excess costs. Then again,
the LCC strategy never strays far into the high-regret region. The rela-
tive height of these boxes give us a first clue about which strategies may
possess more of the robustness quality that would lead to relatively
little change in outcome over many different sets of conditions.

Table 3.2 illustrates the importance of not relying solely on one
metric for determining the robustness properties of a strategy. The
lefthand columns repeat the data from Figure 3.3 in numerical format.
The simulations we produced also record emissions during the course
of a year from each generating plant. Therefore, the righthand col-
umns show values for the increase in 2030 of aggregate annual GHG
emissions (in equivalents of CO,) as a percentage of the 2005 values,
another of our criteria for characterizing outcomes. As in the lefthand
columns, we report the outcomes at different points in the distribution
of all 1,400 outcomes for each strategy. The range of outcomes is wide.
But the strategy that appeared to have the best performance from the
cost perspective, LCC, does not have the best when it comes to this
measure. In fact, there is at least one instance of scenarios—those in
which coal is inexpensive and CO, emissions are not taxed—in which
emissions can be the highest among all the outcomes. We show later



-I;ailftlreiliﬁion of Relative Additional System Costs (2021-2030) and 2030 Emission Outcomes of Candidate Strategies
(percentage)
Cost Outcome Emission Outcome

(% above the lowest total cost achieved by (% growth of 2030 GHG emissions
Measure any strategy for the same scenario conditions) compared to 2005 GHG emissions)
Strategy Min 25th 50th 75th Max Min 25th 50th 75th Max
Baseline 0 4.6 8.2 12.8 26.6 54 54 95 95 148
LessNG 0 3.1 5.8 10.7 20.5 30 38 87 141 173
LessNGRC 0 1.5 2.7 4.8 24.0 1 28 45 84 171
LC 0 1.7 3.5 8.4 16.5 18 54 71 110 237
LCC 0 0 0 0 6.1 10 30 55 80 237
MoreNG 0 2.6 5.4 10.2 30.9 30 38 71 79 133
MoreNGRC 0 0.9 2.1 4.5 27.4 1 28 42 73 130

NOTE: Min = minimum value for strategy among all scenarios. 25th, 50th, 75th = 25th-, 50th-, and 75th-percentile values. Max =

maximum value for strategy among all scenarios.
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how we analyze this type of result where clear trade-offs among desir-
able outcomes emerge.

Before doing so, it is useful to describe another result from our
simulations: how much natural gas the various strategies require. We
chose not to make this one of the criteria by which we would judge the
degree of successful outcomes among strategies. To do so would pre-
suppose an answer to one of our fundamental questions—namely, how
far Israel should proceed with natural gas. But the level of natural-gas
supply requirements is an important question that we address in Chap-
ter Four.

The key finding is that the median value for all the strategies is
well above the 7-BCM annual capacity of Israel’s current sole foreign-
source pipeline. However, currently available domestic supplies will be
depleted in the early part of the next decade. Consequently, in most
scenarios, Israel needs to develop additional supply from newly discov-
ered domestic sources, build a new international pipeline, or construct
LNG facilities to meet projected demand.

In some scenarios, as much as 25 BCM per year was required by
2030. For MoreNG, fully one-half of all the scenarios required more
than 16 BCM. The lowest median (50th percentile) requirements were
for LessNGRC and MoreNGRC, at a little more than 10 BCM. Even
so, for the latter strategy, the highest 25 percent of all scenario out-
comes required more than 16 BCM per year. This strategy also led
to a few scenarios in which demand was not far below the 25-BCM
level that constituted the high end of the entire scenario ensemble. We
return to the issue of natural-gas supply in Chapter Four.

It is not possible to look at any single metric to evaluate the rela-
tive performance of the strategies. Each candidate has positive attri-
butes while performing poorly in others. However, those strategies that
encourage energy conservation and the use of non—fossil-fuel technolo-
gies generally perform better across the various performance measures
than do the others. This is despite being vulnerable to the additional
uncertainty of the (possibly high) cost for achieving these efficiencies
and employing the alternative-fuel technologies.

Table 3.3 shows, for each strategy, the share of all scenarios in
which that strategy is successful according to each criterion. As may
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Table 3.3
Percentage of Scenarios in Which Each Strategy Meets Metric Criteria

Scenarios Meeting Criterion Thresholds (%)

Meet All 3
Strategy System Cost Land Use Emissions Thresholds

Baseline 28

LessNG 44

LessNGRC

MoreNG 48

MoreNGRC

NOTE: Red indicates that the strategy meets that criterion threshold in fewer than
10 percent of the scenarios. Orange indicates that the strategy meets that criterion
threshold in 10-30 percent of the scenarios. Yellow indicates that the strategy meets
that criterion threshold in 31-75 percent of the scenarios. Green indicates that the
strategy meets that criterion threshold in more than 75 percent of the scenarios.

be readily seen, among the three individual metrics, the emission cri-
terion leads to the greatest share of unsuccessful scenario outcomes
under all strategies. While the LCC strategy meets the cost criterion
in nearly 100 percent of the scenarios, the same strategy without the
demand-management component (LC) does so far less frequently, in
only 59 percent of the scenarios. When all criteria are considered, suc-
cess across the board is rare: Only one strategy (LCC) achieves success
across all criteria in as many as 5 percent of scenarios. Similarly, the
variations of the LessNG and MoreNG strategies that include renew-
ables and conservation policies (LessNGRC and MoreNGRC, respec-
tively) register a small number of successes across all three criteria.
Their simple forms do not show any measurable degree of combined
success. We now explore how to improve these outcomes.
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Enhancing the Robustness of Strategies

As the first pass through the RDM analysis illustrated, three strategies
(LessNGRC, LCC, and MoreNGRC) consistently dominate the other
four strategies with respect to each of the three criteria. They each even
do better than the LC strategy in terms of the system-cost criterion.

The implicit assumption behind the analysis that leads to these
statistics is that all possible future sets of conditions are of equal inter-
est and importance. However, this is most likely not the case from the
perspective of Israel’s decisionmakers. Therefore, it would be an error to
look only at raw percentages (as shown, for example, in Table 3.2) and
draw final conclusions about robustness. We need to move in a direc-
tion that will allow us to better understand precisely which conditions
and which scenarios lead to the principal failure modes for each candi-
date strategy. To do so, we used data-mining techniques and conducted
an analysis of failure conditions for each strategy.’

These methods are used to discover what is common among those
scenarios that cause a strategy to fail. Looking only at the three strate-
gies that emerged as the most promising, we found that, for all three,
the emission criterion was not met in scenarios that shared the common
characteristic of medium or high demand growth. Failures in the land-
use criterion were also explained by high demand combined with rela-
tively little installed renewable-energy capacity in the two strategies,
LessNGRC and LCC, that would tend to install coal-fired facilities in
lieu of such plants.

The conditions for failing to meet the cost threshold are more
complex. LessNGRC tends to do less well than others when there is
no GHG-emission price, natural-gas prices are at their lowest, and the
costs of alternatives are at their highest. The LCC strategy usually does
well but may overbuild when base demand growth is at its lowest level.
Half of the cases in which MoreNGRC succeeds are under scenario
conditions in which there exists a nonzero CO, emission price, base
demand growth is moderate to high, and the cost of alternatives does

9 We used the patient rule induction method (PRIM) to determine what was common
among failure scenarios. PRIM tests the database in different ways to find efficient descrip-
tions of failure conditions (Friedman and Fisher, 1999).
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not turn out to be at the high end of the range of assumptions. Almost
no scenarios that include these conditions see poor cost outcomes when
this strategy is followed. Two-thirds of the cases in which this strategy
does not do as well as the others occur when GHG-emission prices are
not set at their highest level, alternative-energy plant capacity is in the
middle or high range, demand is not at its highest level, and the costs
for alternative-energy technologies are middling or high.

We applied these findings to the three best-performing strategies
from the original set and modified them so as to improve their perfor-
mance under conditions that would otherwise have proven challeng-
ing for the strategy in its unmodified form. The three newly modified
strategies are as follows:

» LCC Modified (LCC-M). This strategy continues to follow the
LCC rules and employs efficiency-enhancing measures as well.
However, if conditions are unfavorable to coal, it may choose
to retire one or two coal-fired generating plants under certain
conditions.

* MoreNGRC Modified (MoreNGRC-M). As with the LCC-M
strategy, there is now the option of retiring one or two coal-fired
plants. In addition, this strategy now pays more attention to the
costs of introducing alternative-fuel electricity sources before
doing so. Finally, in the year 2021, if conditions for natural gas
prove too costly, the strategy ceases to employ the MoreNGRC
approach and instead shifts to the LCC strategy rules.

* LessNGRC Modified (LessNGRC-M). The strategies of the LessNG
family already have safety valves. The only modification we have
introduced is to make the decision about investing in alternative-
fuel capacity sensitive to cost.

Table 3.4 shows the combined results of testing the three new
modified strategies, as well as their corresponding unmodified forms,
in each of the 1,400 test futures and applying the same thresholds we
used previously.

The effect of introducing relatively simple modifications to the
base strategies to permit more-adaptive behavior appears to be large.
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Table 3.4
Percentage of Scenarios in Which Each Modified-Form Strategy Meets the
Metric Criterion Thresholds Compared to Nonmodified-Form Strategy

Scenarios Meeting Criterion Thresholds (%)

Meet All 3
Strategy System Cost Land Use Emissions Thresholds
LessNGRC 24
LessNGRC-M 67 31 18

26 20

MoreNGRC

23

12
54 40 27
MoreNGRC-M 39 36

NOTE: Red indicates that the strategy meets that criterion threshold in fewer than
10 percent of the scenarios. Orange indicates that the strategy meets that criterion
threshold in 10-30 percent of the scenarios. Yellow indicates that the strategy meets
that criterion threshold in 31-75 percent of the scenarios. Green indicates that the
strategy meets that criterion threshold in more than 75 percent of the scenarios.

Whereas previously the base form of LessNGRC was successful in only
about 1 percent of the cases with respect to all three metrics, the suc-
cess rate has been enhanced twelve-fold after making investing in non—
fossil-fuel capacity sensitive to cost. The change is even more dramatic
in the case of the MoreNGRC-form strategy. The rate of success for this
strategy under all scenarios rose from only 2 percent to 36 percent.'
The modified form of MoreNGRC emerges as the most attractive
candidate for crafting a robust approach for Israel. Figure 3.4 summa-
rizes this by showing how the Baseline case and the three modified-
form strategies compare next to each in terms of the three criteria.

10 Tn the cases in which both the LCC-M and MoreNGRC-M strategies meet all three
criteria, no new coal plants are constructed. Even the successful outcome scenarios for
LessNGRC-M in which new coal-plant construction occurs represent only 15 percent of
the total successful cases for this strategy. This result would depend, of course, on scenario
conditions (e.g., high versus low demand) and changes in the level at which the emission
threshold is set.
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Figure 3.4
Comparison of Three Modified-Form Natural-Gas-Use Strategies Relative

to Baseline Strategy
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Implications of the Analysis

The analysis suggests several important implications. The first is that
a planning and construction program that is inherently adaptive
enhances robustness and, therefore, the chance of meeting Israel’s goals.
Another is that the combination of demand management and utilizing
several energy sources, particularly adding non—fossil-fuel alternatives,
enhances robustness. When demand is left unchecked and follows
the high-growth assumptions, it becomes quite difficult to choose any
strategy that will meet the three measures of success we have discussed
so far. Finally, a strategy that rapidly enhances the use of natural gas
in Israel can both be consistent with the interests of Israel’s people and
provide security against several major categories of risk.

We turn now to consideration of what supply risk may be engen-
dered by following a natural gas—intensive path and how supply secu-
rity may be enhanced and made robust to future uncertainty.



CHAPTER FOUR

What Natural-Gas Supply-Infrastructure Strategy
Is Robust?

As the analysis in Chapter Three made clear, the modified form of
MoreNGRC emerged as an attractive candidate strategy for crafting a
robust approach for natural gas in Israel. It is among those that tend to
lead to high levels of natural-gas demand in Israel’s primary fuel mix.
The principal objection to greater use of natural gas is that its supply
could be less reliable than either coal or petroleum. Thus, a key ques-
tion for Israeli policymakers is the level of natural-gas supply they can
plan on without raising exposure to unacceptable risks in the supply of
this fuel. To answer this question, we posed several further questions:

e What infrastructure is needed to meet Israel’s long-term natural-
gas demand, and at what cost?

* How rapidly would alternative strategies deplete Israel’s newly
discovered domestic reserves?!

* How easily can Israel accommodate abrupt reductions in future
deliveries of natural gas through foreign import pipelines?

To address these and other questions, we again used the RDM
approach. Specifically, we used modeling results for Israel’s future
natural-gas use and the behavior and requirements of the strategies for
meeting demand, then modeled the consequences of sudden reduc-
tions in supply. We examined a spectrum of alternative strategies for

I The depletion of any new natural-gas deposits under Isracl’s control will most likely not

occur by 2030, the end date of this study. However, the strategies that will shape the period
beyond 2030 will be chosen and put in place well before that year.
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natural-gas supply, subjected them to a variety of different plausible
future states of the world, and determined what elements of these strat-
egies make them robust to the widest range of potential future risks
Israel faces.

Criteria for Evaluating Natural-Gas Supply-Infrastructure
Strategies

As we did the analysis discussed in Chapter Three, the analytical
models we built allow us to set any thresholds. As before, it will be nec-
essary for Israel’s planners and leaders to set the appropriate thresholds
to move beyond the proof-of-principle analysis in this monograph. In
our analysis, we chose the following three criteria by which to measure
alternative strategies, setting the criteria threshold as follows for each
one:

o Supply-System Costs: If the cost of any strategy was within 5 per-
cent of the lowest total supply-system cost observed among the
strategy types for those scenario conditions, the strategy was con-
sidered successful.

* Depletion of Domestic Reserves: We assumed that a total of
105 BCM would be an acceptable depletion of Israeli domestic
sources through the year 2030. We arrived at this by presum-
ing an average supply of 7 BCM per year from 2016 to 2030.
We deemed that scenarios that required more than 105 BCM of
natural gas to be extracted had an unsatisfactorily rapid rate of
depletion.

* Potential Unmet Demand: Each strategy sets a target for stored
switch fuels or excess capacity within the system—for replacing
a shortfall in planned supply from foreign and domestic sources.
If the strategy is unable to meet demand for electricity generation
at the target level fully for any one year because of shortfalls of
natural gas, the strategy fails.
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Generating Strategies for Ensuring Supplies of Natural
Gas

The Yam Tethys domestic reserve and the pipeline coming from Egypt
currently provide virtually all the natural gas consumed in Israel. Yam
Tethys will most likely be depleted by 2015, possibly well before. Egypt
has large reserves of natural gas. The pipeline from Egypt remains
a likely source of natural gas, supplied at some level, through 2030
and beyond. The other potential sources of natural gas will take some
amount of time to come online.

Where are additional sources of supply to come from? New
domestic deepwater (DDW) fields are the most likely source. These
newly discovered fields are likely to be tapped by 2015, potentially
earlier. Additional DDW discoveries would likely take a longer time
to bring online. If there are any new shallow-water discoveries in the
future, these might require less time because they present fewer techni-
cal challenges. Building pipelines and negotiating agreements for gas
from Russia, central Asia, or other natural gas—producing states would
be unlikely to be in place until long after 2015.

LNG is a viable alternative or complement to new DDW fields.
However, because of the time involved in finding a site and contract-
ing for and constructing an LNG terminal, the LNG alternative, too,
would be unlikely to be available until well into the next decade.

The prospective domestic and foreign supply streams have dif-
ferent implications for Israel’s security of supply. Both the investment
costs and fuel-supply costs could differ considerably under future con-
ditions depending on market and other factors that are diflicult, if not
impossible, to predict, and whether costly measures were taken to safe-
guard against a supply cutoff. These uncertainties need to be accounted
for explicitly in strategic plans.

We examined four basic strategies for ensuring the supply of nat-
ural gas:

* DDW Only: Israel develops new DDW reserves, such as the recent
discoveries at Tamar and Dalit, and forgoes development of an
LNG terminal.
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* Joint DDW/LNG—-LNG Priority: Israel simultaneously builds
supply capacity from DDW reserves and constructs an LNG ter-
minal. In this strategy, the capacity of the LNG terminal is first
fully utilized; additional demand is supplied from DDW reserves.
This strategy slows the rate of depletion of domestic reserves.

e Joint DDW/LNG—-DDW Priority: As in Joint DDW/LNG-LNG
Priority, Israel simultaneously builds supply capacity from DDW
reserves and constructs an LNG terminal. However, domestic
reserves are drawn down as long as they are the cheapest alterna-
tive, irrespective of depletion rates; demand shortfalls are made
up by LNG.

* DDW Then LNG: Israel builds capacity at the DDW reserve first,
up to a limit, then builds an LNG terminal at a later date, when
additional supply is needed.

We examined variations of these four basic strategic forms by set-
ting some policy decisions as scenario conditions. For example, in some
scenarios, diesel storage is used as insurance against a sudden disrup-
tion in natural-gas deliveries. In other scenarios, natural gas is stored
in depleted reservoirs in Israel. Other alternatives involve building no
storage at all. Examining these results led us to conclusions about stor-
age strategies that are discussed in Chapter Five. There are also dif-
ferences in the absolute amount of natural gas purchased from Egypt
in the years after current contracts expire. The strategies vary, as well,
in what level of “insurance” Israel seeks in the form of infrastructure
designed to make up for disruptions in supply from foreign sources.

Generating Future States of the World

As we did in the analysis of natural-gas—use strategies in Chapter Three,
we derived a test set of plausible future conditions for implementing
alternative infrastructure strategies to compare outcomes. We based
these different future states of the world on the utilization strategy that
emerged as the most robust-seeming among those we tested in Chapter
Three—MoreNGRC-M. It is also a strategy that requires comparatively
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high levels of natural-gas supply under most conditions. We explored
differing assumptions about future natural-gas demand to 2030 by
selecting six representative scenarios from the full test set described
in Chapter Three. In each of these scenarios, MoreNGRC-M was run
against a set of conditions selected to elucidate the types of infrastruc-
ture configurations needed to satisfy different levels of demand. These
demand paths varied from requiring less than 7 BCM to slightly more
than 25 BCM of natural gas per year by 2030.

The set of alternative future states of the world also differed in
terms of the costs attached to investment in different types of infra-
structure and in the future cost of fuels. When we ran our simulations
using the four basic-form supply strategies, the combination of differ-
ences in strategies and differences in future states of the world gener-
ated a database of 20,000 scenario simulations.

We searched for those strategies that would achieve low cost,
would avoid excessive depletion of domestic natural-gas reserves, and
were less vulnerable to disruptions in supply. Strategies that achieve
minimum thresholds for these three criteria across many alternative
future states of the world were considered to be more-attractive candi-
date robust strategies than those that could not do so.

Evaluating Performance of Strategies in the Absence of
Supply Emergencies

When we examined the behavior of the four strategic approaches solely
from the perspective of adequacy of supply, we found the following:

e The DDW Only strategy is insufficient unless long-term demand
remains low and deliveries from now-existing foreign pipeline
sources exceed 3.5 BCM per year.

* For higher levels of demand, a second source of supply, such as an
LNG terminal, is needed in addition to domestically produced

natural gas. If gas supplies from foreign sources remain uncertain,
the Joint DDW/LNG-LNG Priority provides greater reserve
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capacity. Giving priority to use of LNG saves the DDW reserve as
a strategic national resource.

e If Israel can rely on foreign supply of an annual 7 BCM of natu-
ral gas through foreign pipeline imports, the DDW Then LNG
approach can meet demand and postpone the high capital costs
associated with building an LNG terminal.

* As natural-gas annual demand nears 20 BCM, gas supplies may
not meet demand if foreign pipelines do not deliver 7 BCM. Under
the assumptions in this analysis, LNG is always needed to meet
demand when demand exceeds 22 BCM, even if Israel can rely on
7 BCM per year of imported natural gas through pipelines.

We found that, under virtually every scenario that assumes rapid
growth in demand for electricity, few if any combinations of utilization
and supply strategies proved robust.

Issues of cost, as well as security of supply, are central to the deci-
sion over supply strategy. An LNG terminal with a full regasifica-
tion facility is an expensive investment, difficult to justify solely as a
backup reserve or insurance policy against shortfalls from other supply
sources.? The investment does make sense if one anticipates a need for
LNG to meet a substantial portion of demand.

Figure 4.1, the counterpart to Figure 3.4 in Chapter Three, shows
how many scenario outcomes for each of the four strategic approaches
meet the individual criterion thresholds and meet all three in combina-
tion. The Joint DDW/LNG-DDW Priority strategy appears to show
the greatest promise. Relying on DDW Only appears to be among
the least robust of the approaches. However, while suggestive, as in
Chapter Three, this aggregate result could be misleading. We have not
discriminated between those scenarios in which conditions are in line
with most estimates and forecasts and those that many would deem
to be less likely. Different priorities for criteria and different degrees of

2 Actual size of the facility would, of course, also have a large influence on cost. There are
other means for taking supply of LNG at low volumes without a large regasification facility.
As noted in Chapter Two, some ships have been designed not only to transport LNG but to
deliver it to locales that lack such infrastructure. However, in our analysis, we assumed con-
struction of a full LNG facility.
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Figure 4.1
Percentage of Scenario Outcomes for Each Strategy That Meets Threshold
Criteria
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confidence and risk aversion might cause some results to have greater
or lesser weight in decisions. Further, the government of Israel may not
choose to assign equal priority to the three criteria, or it might possess
information not included in this analysis.

Evaluating Performance of Strategies During a Supply
Emergency

Joint DDW/LNG-DDW Priority seems to be the most robust can-
didate strategy for developing a supply infrastructure when normal
times prevail. But Israel has some particular concerns about a large-
scale commitment to natural gas. How do the strategies compare in the
event of an abrupt disruption in supply? That is, what if Israel needed
not only to pay the cost of an insurance-policy “premium” in the form
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of storage or redundant capacities but the “deductible” as well because
of an actual supply shortfall?

To generate these results, we imposed a one-year shutoff of all sup-
plies through foreign pipeline sources in 2025. This was also the year
in which coal-fired power plants might be retired under three of the six
demand scenarios we selected for this analysis. Therefore, the shock to
natural-gas supply would come at a particularly stressful time.

In this type of analysis, we are seeking to understand how differ-
ent assumptions would affect our preferences when choosing among
strategic courses. When we varied the assumption about the probabil-
ity of a supply cutoff, there was a great effect on outcomes. But, perhaps
surprisingly, we found no change in the rank order of preferred strate-
gies. As great as this uncertainty may be, it was not crucial to choosing
among the four choices we were considering. However, something else
proved to be a key uncertainty in the sense of affecting how we should
weigh our choices.

Several of the uncertainties we explored in our analysis of sce-
narios were related to assumptions about future costs uniquely associ-
ated with the LNG supply chain compared to those for DDW-derived
natural gas. Different assumptions will lead to different ratios between
these two sets of costs. We found that this ratio of relative average
supply costs between these two natural-gas supply chains played an
important role in identifying the most-robust supply strategies.

This point is demonstrated in Figure 4.2. As in previous exami-
nations of cost, the vertical axis shows a regret measure. In this case, it
shows average expected additional total costs (measured as a percentage
above the average cost outcome of the strategy that yields the lowest
cost under each set of scenario conditions).? A strategy having a mea-
sure of zero at a given ratio level would mean that it would be expected
to result in the lowest total costs among the four strategy families, on
average. The horizontal axis varies the cost ratios that derive from dif-
ferent assumptions about DDW- and LNG-unique costs that are part
of each scenario’s conditions.

3 We speak of expected average costs because the data plotted in Figure 4.2 result from the
full set of 20,000 scenarios.
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Figure 4.2
Expected Total Cost Relative Regret of Four Natural-Gas Supply Strategies
with Respect to LNG/DDW Premium Cost Ratio (percentage)
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The choice among different supply strategies depends crucially on
assumptions about the ratio between the unique costs associated with
the alternative natural-gas supply sources. On this basis, if cost were
to be the only consideration, then choosing the Joint DDW/LNG-
DDW Priority strategy would imply a belief that the LNG/DDW cost
ratio will be at the extreme low end on average, where this particular
strategy always outperforms the other three strategies. However, opting
for the DDW Only approach would require holding the belief (and
placing the bet) that this ratio will instead trend toward the high end
of the range. The Joint DDW/LNG-DDW Priority strategy performs
consistently better than the Joint DDW/LNG-LNG Priority strategy
throughout the region (as we move across the horizontal axis).

From this perspective, the behavior of the DDW Then LNG strat-
egy is quite interesting. If one had sufficient confidence about what the
price ratio would turn out to be, or if one made an assumption and then
searched for the optimal strategy that minimized excess costs based on
that assumption, there is almost no level at which DDW Then LNG
would be selected. In other words, it would be dominated by at least
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one other strategy at almost every cost-ratio level across the horizontal
axis. However, if we truly did not have strong confidence in being able
to predict this average ratio or were sufficiently risk averse to wish to
minimize potential loss, it is precisely DDW Then LNG that suggests
itself as a candidate robust strategy. Although it is rarely, if ever, the
strategy that provides minimum cost under the prescribed conditions,
it almost always runs second best throughout the range, and its failure
tends to be more graceful in terms of cost than the other candidates. If
it were truly the case that nothing further could be learned about tech-
nical details or planners’ preferences, this would appear to be a basis for
crafting a robust strategy.

Figure 4.3 shows how the four strategies perform with respect
to the rate of depletion of domestic reserves in the case of a one-year
supply shutoff. In this case, the level of demand for natural gas in Israel
drives the results, and we see no similar crossing point between strat-
egies as we saw in Figure 4.1. The total supply cost—versus-depletion

Figure 4.3
Expected Domestic Deepwater Reservoir Depletion of Four Natural-Gas
Supply Strategies with Respect to the Level of Natural-Gas Demand (BCM)
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trade-off is made clear when this ranking is compared with the cost
trajectories shown in Figure 4.2. In this case, the DDW Then LNG
strategy is by no means the most favorable strategy. Bear in mind, how-
ever, that these results are for demand scenarios evolving from the most
natural gas—intensive utilization strategy. If we were to allow the pos-
sibility of other natural-gas—utilization strategies, the depletion would
likely be tempered by building a second LNG installation or construct-
ing a coal-fired plant in the highest-demand region of this figure.

Views like the ones we see in Figures 4.2 and 4.3 highlight the
value—and purpose—of the RDM approach. RDM is not intended
to place the computer in a position to usurp the policy process by sub-
stituting analytical means. Rather, it seeks to provide decisionmakers
with a concrete description of what the trade-offs are and what drives
the differences between strategies. A decision about priorities among
different criteria, such as cost and depletion, is political. If, for exam-
ple, domestic depletion becomes less of a concern, the cost dimen-
sion should hold greater sway. But, in the final analysis, the actual
policy course will result from political processes, political discourse,
and political trade-offs. This is as it should be. What is valuable about
views such as those shown in Figures 4.2 and 4.3 is that they provide
a framework for establishing what ought to be the appropriate political
trade space within which these discussions should occur.

Implications from the Analysis

RDM is a tool to assist policymakers in using inductive reasoning
to achieve clarity in framing robust courses of action. As such, it is a
means for achieving managed change. Ultimately, the meaning of the
data we have shown must be derived within the policy planning pro-
cess. However, the implication of the analysis in this chapter suggests
that Israel would be doing well to develop its newly found domestic
resources as a principal means for meeting future natural-gas demand.
Given the lead times for construction of both this and a potential LNG
fuel stream, the final decision on the latter may be left until the full
costs and potential benefits of the former are better known. An LNG
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infrastructure will be an important means of insurance for Israel when
it is built and is likely to be required under most future scenarios. Yet,
actually constructing one too early may impose unnecessary costs on
the country. Israel should consider going forward with its planning but
perhaps delaying actual construction until more information is avail-
able. It is also clear that, as natural-gas dependence grows, the require-
ment for storage of standby switch fuels, principally diesel, both on site
and in central repositories, will become more crucial to ensuring that
large portions of electricity-generation capability are not placed at risk
by unforeseen discontinuities of supply.



CHAPTER FIVE
Implications from the Analyses

Overview

The Israeli government is facing far-reaching, expensive decisions on
ensuring that Israel has secure, adequate, cost-competitive supplies of
electricity for the next two decades. These decisions entail complex
trade-offs concerning the physical security of the system, reliability
of supply, the additional generating capacity needed to satisfy likely
increases in demand, land use, restricting GHG emissions, and cost.

Decisions made in the face of many, often-competing objectives
involve trade-offs. In addition, deciding on the size, type, and fuels to
be used in a generating plant involves assumptions about future devel-
opments in fuel prices, electric-power demand, political relations with
potential supplier countries, and Israel’s policies toward curbing GHG
emissions. The range of likely future outcomes for each of these vari-
ables is large, and the level of certainty about the future needed to
make a demonstrably optimal decision does not presently exist.

In this study, we have carefully laid out several of the competing
objectives and constraints Israeli policymakers face as they make deci-
sions on investing in additional generating capacity. We have directly
confronted the problem of deep uncertainty. Rather than focusing on
just a few potential future paths by imposing simplifying assumptions,
we have explored thousands of potential futures using the RDM analy-
sis. The essence of this approach is to simulate applying different strate-
gies for natural-gas utilization and supply to the same set of plausible
future developments. The outcomes are examined systematically using
data-mining techniques to identify the vulnerabilities of these strate-
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gies and assess their relative abilities to provide Israel with low-cost
electricity, security of natural-gas supply, efficient land use, low envi-
ronmental impact, and sufficient generating capacity. Those strategies
that can do so under a variety of future conditions are deemed to be
robust. These are strategies likely to achieve minimally acceptable levels
in the various measures of performance across a wide range of plausible
futures.

Our goal was not to advocate any one strategy. Rather, we sought
both to demonstrate the value of an adaptive approach to planning
and to identify those elements of adaptive plans for natural-gas use in
Israel that enhance overall robustness, the ability to achieve successful
outcomes under many alternative sets of future conditions. Our inten-
tion was to make available to Israel the means for engaging in managed
change of its energy infrastructure.

Implications

In the course of our analyses and extensive interviewing in Israel, we
derived several implications. As rich as our data set became, we did
not have available the full set of information possessed by, or access
to discussions occurring within, the government of Israel. Therefore,
these implications should be viewed as indicative but not necessarily
conclusive.

We gave equal weight and value to the various goals we consider
in this study (supply security, costs, emissions, land use, depletion
of domestic reserves) because we had no sure way to assign priorities
among them. Israel’s planners will likely wish to give greater weight to
some goals than others in applying our analytical framework. There-
fore, any findings at this stage should be regarded only as pointing to
the most-fruitful avenues for Israel’s planners to investigate in greater
detail using the tools we have created.

As we neared completion of this proof-of-principle analysis, the
RAND project team entered into discussions of possible technology
transfer and collaboration with planners in Israel. This would permit
more authoritative analyses of choices that would likely alter several
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of the implications derived from our initial analysis. Therefore, we
now discuss only those findings that appeared most strongly from that
effort. We hope to report fuller findings, including those more depen-
dent on policy priorities, in a supplemental report.

Curbing Growth in Demand for Electric Power Is Israel’s First Line of
Defense for Energy Security

Curbing growth in demand is the most effective policy action the
nation could take to shape future energy demand. Almost all the sce-
narios in which Israel fails to achieve its objectives for the power sector
involve high growth in demand for electricity. Even with new discover-
ies of domestic offshore natural gas, the amounts of electricity required
to meet demand in the most—energy-hungry futures raise serious ques-
tions about the ability of Israel to meet demand without sacrifices.
The modest goals we have set for GHG emissions are very difficult
to achieve even for natural gas—intensive strategies when growth in
demand for electricity is high. This criterion becomes almost impos-
sible to achieve for those strategies that envision more use of coal-fired
generation to maintain energy diversity.

Israel is currently a relatively inefficient user of electricity. Israel
should be able to achieve substantial gains in efficiency at relatively
low cost through improvements in insulation in residential and com-
mercial buildings, gradual installation of energy-efficient appliances,
and behavioral changes. Once the low-hanging fruit has been picked,
additional, more-expensive improvements are available. For example,
investments in “smart grid” information systems that permit time-of-
day pricing and other measures could appreciably smooth and poten-
tially reduce consumption.

The imperative to conserve is even greater because of two other
factors that may push up demand for electricity in Israel: additional
demand for water and an increase in demand for electric power in ter-
ritories under the control of the Palestinian Authority. A substantial
increase in demand for water in Israel may have to be satisfied through
desalinization. If global climate change continues unabated, demand
for additional sources of water is likely to rise. Because desalinization
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uses large amounts of electricity, future increases in water use imply
corresponding increases in electric-power consumption.

Israel currently provides power to territories under the control
of the Palestinian Authority. Regardless of any change in political
arrangements, Israel is likely to continue to do so, at least during the
first part of the period to 2030. While power delivered to businesses
is metered in this region, for all practical purposes, delivery to house-
holds is not. One consequence of enhanced stability leading to more
economic development in the Palestinian-controlled areas has been a
sharp increase in demand for electricity. Clearly, metering and bill-
ing according to use would curb growth in demand. However, the
Palestinian Authority currently has little interest in introducing such
changes. Growth in demand from territories is likely to partially offset
improvements in efficiency in Israel proper unless households in these
territories begin to pay for power based on consumption.

Israel should consider raising tariffs on electric power—perhaps
by as much as one-third in real terms—in a series of steps to increase
the efficiency of electric-power use.

Israel Should Adopt a Two-Stage Planning Process for Decisions on
Expanding Generating Capacity

Planning is predicated on assumptions. When it becomes clear that
these assumptions are no longer valid, plans become subject to review
and change. However, gaining consensus that change is required, or
even that fundamental assumptions require review, is difficult. Inter-
ests become vested, government bureaucracies may be focused on
other, more immediately pressing issues; thorough reviews take sub-
stantial amounts of time, are costly, and chew up agency resources; and
the changes that are made may often have more of an ad hoc character
than is desirable.

One of the most important implications from our analysis is how
even relatively simple adaptive rules may lead to more-robust plans
that, in turn, yield more-satisfactory outcomes than fixed, “optimal”
plans. This is likely to be true even if the fixed plans are subject to later,
ad hoc or formal modification because of the institutional issues we

have highlighted here.



Implications from the Analyses 61

It is our observation that current planning approaches used in
Israel would make it difficult to frame and implement such an adap-
tive approach. We recommend that Israel consider adopting a two-step
approach in its energy planning process. The first step would be to plan
for the period to 2015 in a traditional fashion. At the same time, prepa-
rations should be made to employ a more adaptive approach to plan-
ning for the period after 2015. A set of signposts and flexible responses
would be drawn up. Then, as 2015 draws near, these responses may be
used to fashion the plans, policies, and procedures for the period to
2030.

This would require a change of focus. Rather than gearing the
process to individual projects—issuing licenses and permits directly
tied to construction—Israel’s planners would need to determine what
might be prepared in advance before new plant must be built. The final
steps would be triggered only when indicated by the system of prespec-
ified signposts and flexible responses. This is not to dismiss the need
to make certain that any specific construction project be considered in
terms of effects on specific localities as well. But a level of anticipatory
planning would make it possible to do so while ensuring that tactical
decisions are taken from a strategic perspective.

Israel Should Primarily Invest in Natural Gas—Fired Combined-Cycle
Power Plants, Provided That Sufficient Supply May Be Ensured to
Fuel These Plants

Actual infrastructure construction will depend crucially on govern-
ment goals and priorities. In our work, we assigned equal weight to the
five criteria we used to assess acceptability of different outcomes. Under
this assumption, we find that expanding the role for natural gas—fired
electricity generation is consistent with meeting Israel’s goals to the
year 2030. Higher levels of natural-gas use become more feasible if the
new domestic deepwater reserves yield a major new source of domestic
natural gas.

A move to greater use of natural gas is not a decision that can be
made without taking other considerations into account. The only strat-
egies that we tested that displayed the characteristic of robustness were
those that also allowed for policies of demand management and diver-
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sification of fuel types, including the use of renewable energy sources.
Any natural gas—intensive energy plan for Isracl must also pay atten-
tion to achieving sufhicient redundancy in national infrastructures and
standby sources of alternative supply. Further, the role of coal in Israel’s
energy future remains a large issue, albeit not a central focus of our
study. At our level of detail, we did not have the means to examine the
possible effects, such as load shedding, that might stem from a cata-
strophic disruption in the natural-gas supply. Systematic analysis of the
role of coal depends crucially on policies and priorities set by the gov-
ernment of Israel, balancing supply security against emissions, land use,
and, under some future conditions, costs. It is also a consideration that
should take place not in isolation but in an integrated manner, looking
across all potential resources for meeting Israel’s energy demands in the
future. This would be a principal focus of any collaborative study with
Israel’s planners. Several of the other points are treated in more detail
in this chapter.

In Most Futures, Israel Would Be Well-Advised to Obtain Natural

Gas from EMG Through Long-Term Supply Contracts, If the Fuel Is
Competitively Priced

Gas from EMG would diversify sources of supply and provide competi-
tion for domestic producers. However, even if more gas becomes avail-
able, Israel should be wary of obtaining more than 7 BCM per year of
natural gas (the capacity of the existing pipeline) from this source to
avoid overdependence on any one source of supply.

Israel Should Prepare for, but Not Complete, an LNG Terminal at This
Point in Time

‘The crucial factor in this decision is the relative cost of LNG and domes-
tically produced natural gas. The appropriate strategy is partly deter-
mined by knowledge or beliefs about such costs in the future. These
costs could vary considerably with the location of any LNG terminal
(onshore or offshore), the costs of recovery of domestic reserves from
far deeper waters than before, and developments in the international
market for natural gas. Nevertheless, a decision to immediately exploit
domestic reserves and then add LNG if and when a future need occurs
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can lead to satisfactory outcomes with respect to cost, depletion, and
security of supply under many plausible sets of future conditions.

Preparations for the LNG terminal can be made and approved in
advance, which would permit more-rapid implementation if the rele-
vant signposts indicate it would be expedient to do so. This may be dif-
ficult to do under current Israeli planning and permitting procedures,
which should be reviewed, as discussed earlier. Another course would
be to consider taking LNG from specialized shipping that would obvi-
ate the need for large LNG-receiving facilities, albeit in smaller vol-
umes than a fixed facility might provide.

Israel Needs to Maintain a Diversified Mix of Fuels, Including
Renewable Nonfossil Fuels, for Generating Electric Power

Despite higher costs, Israel should also invest in some solar-thermal
electric-power plants or use solar thermal to preheat steam for fossil
fuel-fired power plants. Simply adding natural-gas capacity without
other measures to diversify supplies would leave Israel vulnerable to
supply disruptions and abrupt shifts in costs or other unforeseeable
anomalies. Consequently, the Israeli government should increase sub-
sidies to electric-power generation from solar power and other nonfos-
sil means. Subsidies will need to be capped, perhaps at 1.5 times the
full recovery cost of gas-fired power plants. Unfettered subsidization of
alternative sources of power could impose extraordinary costs on the
[sraeli economy.

The Israeli Government Should Regulate Wholesale and Retail

Prices of Domestically Produced Natural Gas on the Basis of the

Cost of Imported Gas and to Ensure an Attractive Rate of Return for

Domestic Producers

The recent natural-gas discoveries in Israel suggest that domestic natu-
ral gas will be able to supply a substantial share of Israel’s demand for
electric power. However, only one or a small number of firms will pro-
duce natural gas from domestic reserves. Concerns over market power
warrant regulating pricing by domestic producers. The price of domes-
tic production should be tied to the cost of imported gas and should
simultaneously allow domestic producers to obtain a reasonable rate of
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return on their investment to encourage exploration and development
of new domestic reserves. In addition to promoting the efficient setting
of natural-gas prices, price regulation can also ensure that small and
large buyers are accorded similar access to natural-gas supplies, thus
promoting greater competition in downstream markets.

Israel Should Guard Against Disruptions in Natural-Gas Supplies
by Storing Diesel Fuel, Not Natural Gas, to Smooth Future Supply
Disruptions
In Chapter Four, we discussed how we varied policies around four
main strategy types by testing various assumptions about types of fuel
to store and levels of storage. We also conducted interviews in Israel
about storage policies. From this, we concluded that Israel should store
sufficient standby supplies of switch fuels to cover a cutoff in imports
for a period keyed to the volume of supply and the number of sources
for natural gas. The cost of storage need not be onerous. With coordi-
nated planning of changes in infrastructure, such as plant retirements,
along with more-detailed tuning of supply-security planning than we
incorporated in our modeling, a reasonable level of insurance can be
achieved at costs that are not likely to prove excessive. They will, how-
ever, entail more effort than has been exerted so far in this direction.
Israel needs reasonable levels of standby fuel-reserve capacity at
power plants and for central storage to smooth possible jolts to the
supply system. Israel also needs to ensure that transportation systems
are resilient enough to ensure supply in the face of various disruptions.
Considering the penetration natural gas is likely to make in Israel
through the year 2030, the planned inland high-pressure natural-gas
pipeline needs to be built to transport the volume of natural gas likely
to be required, to provide some degree of redundancy, and to provide
more capacity for in-line storage. Similarly, Israel should consider how
existing pipelines that are part of other systems or prospective lower-
pressure natural-gas pipelines could provide either the necessary switch
fuels or stored natural gas at time of peak loading or unexpected dis-
ruptions in the supply of natural gas. Finally, we found that the sce-
narios that depended on storage of natural gas proved more costly than
those that emphasized the storage of diesel as a switch fuel.
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Israel Should Continue with Plans to Build an Inland High-Pressure
Natural-Gas-Distribution Pipeline to Parallel the Existing Offshore
Pipeline

This point merely amplifies the preceding one. If Israel does choose
to pursue the more natural gas—intensive energy mix that this study’s
findings would support, it will require ensuring that the infrastructure
in place can bear that degree of natural-gas use. The parallel, inland,
high-pressure distribution pipeline will almost certainly be needed for
supplying future volumes of natural gas. Before that day arrives, how-
ever, early completion would provide redundancy that would permit
rerouting the flows through the current offshore pipeline, should that
become damaged in some manner, while also providing a natural stor-
age capacity for natural gas in the case of short-term supply disruption.

Final Thoughts

Change will come to Israel’s energy infrastructure, both that which is
intended and that which is unforeseen. We hope that the tools devel-
oped by our work may help Israel’s planners to enhance the country’s
ability to engage in managed change.
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