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Purpose 
This report documents a work session held October 12-13, 2004 in Rancho Cordova, California by an expert panel of persons representing stakeholders in the natural gas market affecting western North America.  This report addresses meeting preparation, the activities of the day-and-a-half session, recommendations of the group, and follow-up activities to that session.

Background

The Western Interstate Energy Board (WIEB) has undertaken the Western Natural Gas Assessment at the request of the Western Governors Association.  WIEB constituted a “Core Team” of state and provincial representatives to conduct a comprehensive analysis of western energy supplies and infrastructure.  The California Energy Commission (CEC) is performing the modeling to support the analyses by WIEB.  This modeling work will provide key insights to enable the Core Team to address natural gas-related concerns of the Western Governors Association.  Specifically, the Core Team will use modeling to aid in identifying:

· natural gas supply sources likely to serve the region’s largest gas-consuming areas and sectors; 

· expected interstate pipeline capacity use, including the potential for congested lines along with the potential for new or expansion of natural gas pipelines; 

· how storage facilities may assist in meeting reliability goals; and 

· geographical pricing relationships (basis differentials) between natural gas producing and consuming areas.

The first phase of the Western Natural Gas Assessment will assess the West’s natural gas market from a long-term perspective (2005-2014), and develop a best estimate of behavior scenario for the North American natural gas market.

Early in the study process, the WIEB Core Team needed to identify various parameters and factors affecting the natural gas market, so that these could be used in the modeling and analytic processes.  Specifically, the WIEB Core Team decided that modeling work would consider a core “Reference Case”, as well as scenarios of the future that could provide insights into how natural gas markets affecting the west may be materially changed from such a Reference Case.  The Reference Case is defined as a case wherein the future will be shaped by policies and economic activity in a “business as usual” mode. Some judgment will be required to ensure internal agreement within the WIEB Core Team on the “Reference Case” definition, since modeling of the future will be impacted by expectations for natural gas demand, policies, and improvements and additions to infrastructure and supplies. Further, since North America is experiencing a natural gas price environment that is higher than in any preceding period, initial modeling may suggest future market activity (e.g., higher drilling rig rates than in the past) that would cause the WIEB Core Team to re-assess the Reference Case. Sensitivity analyses and alternate scenarios will aid the WIEB Core Team both in refining the Reference Case, as well as in responding to the requirements of the Western Governors Association for Phase I of the Western Gas Study.

California Energy Commission (CEC) staff use the North American Regional Gas (NARG) model to forecast the behavior of the gas market.  The NARG model develops a supply/demand balance and price projection by finding an equilibrium in all regions based on price, in all time periods (14 periods stretching over thirty-five years). In searching for the equilibrium, the model allows natural gas to flow from the supply regions, along the pipelines or pipeline corridors, and into the demand regions. As a result, to generate the reference case projections output, the model must satisfy all demand requirements represented in the model.  To develop an initial, or “strawman” reference case (a best estimate of future behavior in the natural gas market), CEC staff evaluated and updated all major parameters in their model: supply resources, pipeline characteristics, and demand projections. Also, other important parameters—discount rates, technology factors, oil prices, and other exogenous assumptions—require review and potentially updating.

The principal characteristics of the reference case will incorporate the following major attributes and assumptions:

· Weather

· Economic

· GDP growth

· Oil price

· Alternate fuels prices

· Supply

· Resource base and cost-of-supply 

· Cost-of-supply relationships 

· Arctic resources 

· LNG resources  

· Infrastructure

· Pipeline infrastructure 

· Storage infrastructure  

· Distribution infrastructure 

· Demand

· Electric power demand, as a function of weather, GDP growth, demographics, etc.; and supply
, in terms of both capacity and dispatch characteristics/criteria 

· Industrial consumption
, as related to Industrial Production

· Residential and commercial demand, as related to weather, demographics, and macroeconomic factors

When operating NARG in the long-term environment, the costs and quantities of supply resources drive the availability and price of natural gas modeled. However, in the short-term version, a ‘forward market cost,’ which depends on competitive pipeline and storage supplies along with natural gas demand, determine consumer prices.

Purpose of Case Development Subgroup

The WIEB Core Team recognized that certain, distinct factors could be important to the future outlook for natural gas, and wanted to identify these for sensitivity analyses.  Accordingly, the WIEB Core Team invited a number of individuals to participate in a “Case Development Subgroup,” to support and accelerate the Core Team’s assessment of natural gas in western North America by gaining expert input from individuals representing a diversity of relevant perspectives on the reference case, alternate scenarios, and sensitivity analyses.  Since the work of the WIEB Core Team will continue to receive periodic public review, a benefit of the Subgroup is also to maximize the potential to identify and consider as early as possible any major issues, information requirements, and other concerns.

Results Expected from the Case Development Subgroup

The following sequence reflects the respective roles and activities of the WIEB Core Team, CEC Modeling Team, and the Case Development Subgroup:

· Development of a Strawman Reference Case by the CEC modeling team; 
· Review and suggested modifications of the Strawman Reference Case by the Case Development Subgroup;
· Recommendations on the Strawman Reference Case, alternative scenarios, and sensitivity analyses by the Case Development Subgroup; and
· Final decisions about modeling specifications by the WIEB Core Team.     
The WIEB Core Team asked the Case Development Subgroup to provide results both from the planned work session, as well as in future activities associated with the Western Natural Gas Assessment.  These expectations were as follows:

· Proposed Reference Case description and associated model parameters

· Proposed description of Scenario Cases and associated model parameters

· Proposed description of Sensitivity Analyses and associated model parameters

· Documentation and/or other communication with stakeholders, portraying the relevance of model parameters to issues and concerns of WIEB members in general, and to the project objectives specifically

· Stewardship of the process to assess modeling results and propose modifications to Cases/Sensitivity Analyses and/or additional analyses that will ultimately form the basis for Phase I and Phase II deliverables by WIEB to the Western Governors Association

Membership of Case Development Subgroup

The Case Development Subgroup consists of a representative cross-section of stakeholders in the natural gas market affecting western North America.  Its first activity was to participate in a work session in which the group would develop recommendations for a reference case, alternate scenarios, and sensitivity analyses.  The size of the group was limited, so that an effective work session could be conducted.  Therefore, every effort was made to include individuals with a broad background in relevant aspects of supply, demand, and infrastructure.  Among the many areas of the knowledge brought to the group through its membership are coal-fired generation, power transmission, energy efficiency, seismic imaging technology, drilling technology, liquefied natural gas (LNG) transportation and terminal operations, and renewable energy.

Given the desire for a representative cross-section of relevant stakeholders in the gas, the WIEB Core Team decided to identify experts from the following basic constituencies:

· US Desert Southwest States

· Alberta/BC/Saskatchewan

· US Rockies States

· US Pacific Northwest States

· California

· WECC

· Department of Interior

· Department of Energy

· Academia

· 
Gas Producers - Canada

· Gas Producers - US

· Industrial Consumers

· Environmental Stewards

· Gas Pipelines

· Gas Distribution (LDC)

· Gas Storage

· Power Generation

· Energy Markets

The WIEB Core Team asked an advisor, Hal Chappelle, to assist in identifying individuals representing these constituencies, with an emphasis on individuals with an understanding of broader issues and factors affecting natural gas markets.  The following persons agreed to contribute to the Case Development Subgroup, and participate in a work session:

· Michael Bodell, Unocal Midstream (Gas Storage, Energy Markets)

· Thomas Brill, Utah

· John Broderick, US Department of Interior, Bureau of Land Management

· Sheryl Carter, Natural Resources Defense Council (Environment Steward)

· Walter DiMattia, TransCanada Pipelines (Gas Pipelines, Gas Production)

· Mark Ellery, Arizona

· Matthew Foss, Alberta

· Jairam Gopal, California

· Tyrell Harrison, Encana (Canada, US Gas Production, Energy Markets)

· Hill Huntington, Stanford University (Academia, Energy Markets)

· Clint Kalich, Avista (Power Generation)

· Mark Meldgin, PG&E (Natural Gas LDC)

· Terry Morlan, Northwest Power and Conservation Council

· Greg Northstein, Washington State

· Ines Piccinino, British Columbia

· John Pyrdol, US Department of Energy, Office of Oil & Gas

· Dawn Trammel, Shell (US, Canada Gas Production, Energy Markets)

· Alan Wiggins, ConocoPhillips (Industrial Consumers, Energy Markets)

Doug Larson, Executive Director the Western Interstate Energy Board, also addressed participants in the work session, and served as an advisor.  The following California Energy Commission staff participated in the work session, and served as advisors: David Maul (Director of CEC Gas Division), Jim Fore (WIEB Project Manager), Mark DiGiovanna (responsible for energy demand-related aspects of WIEB modeling), Leon Brathwaite (principal for WIEB modeling), and Mike Purcell (responsible for gas supply-related aspects of WIEB modeling).  Additionally, Dale Nesbitt, President of Altos Management Partners, served as an advisor to the Subgroup in the work session.

Preparations for Scenario Work Session

Participants in the work session were asked to review various pieces of background information on the natural gas market as it affects western North America, and to gain a basic understanding of the process that would be used in the work session.  The background information included:

· Description of “Strawman” Reference Case, prepared by CEC staff

· Background documents prepared by CEC staff on natural gas supply, frontier natural gas resources, natural gas demand, LNG, and crude oil prices

· Input data assumptions for the “Strawman” Reference Case, prepared by CEC staff

· Charter for WIEB Natural Gas Assessment

· US Energy Information Administration 2004 Annual Energy Outlook

· National Energy Board Report, “Canada’s Energy Future; Scenarios for Supply and Demand to 2025”

· National Energy Board Report, “Canada’s Conventional Natural Gas Resources”

· National Petroleum Council Report, “Balancing Natural Gas Policy: Fueling the Demands of a Growing Economy”

· California Integrated Energy Policy Report (IEPR)

· “The Art of the Long View”, a book by Peter Schwartz

Scenario Development Work Session

The Case Development Subgroup convened October 12 and 13, 2004 in Rancho Cordova, CA.  The purpose of the work session was to “develop recommendations for the Western Interstate Energy Board (WIEB) Natural Gas Assessment’s reference case, related scenario cases, and sensitivity analyses for modeling and evaluation by the WIEB Core Team, in support of the Western Natural Gas Assessment.”

The work session was facilitated by Hal Chappelle, a consultant to the WIEB Core Team, and President of Chappelle Energy Associates, Inc.  The structure of the day-and-a-half work session was patterned after step-wise scenario development processes used by various entities, as well as the process described in the Peter Schwartz book, “The Art of the Long View.”

Meeting Step 1 – Introductions.  The meeting convened at about 1:00 p.m. on October 12, 2004, with remarks from Doug Larson, David Maul, and Jairam Gopal.  

Work Session Step 2 – Scenario Development.    Scenarios are alternative views of the future that are:

· Plausible

· Relevant

· Divergent

· Internally consistent

The reason for using scenarios for input to the economic model(s) being used by the CEC staff for the WIEB effort is to gain insights into the future (in Schwartz’ words, “explore the future”).  This will allow WIEB members, and by extension, the Western Governors, to gain deeper understanding of important factors and uncertainties facing decision makers with respect to natural gas in the West.  Importantly, these insights will tell decision makers the implications of possible public policy decisions/actions.

The key concepts “governing” scenario development in this session are:

· In this workshop, we will stay away from models and focus on assumptions

· Scenarios provide inputs to, not end-runs of, economic models

· Scenarios support, not replace, economics or physics represented in models for this study

· Price is not a legitimate “scenario” variable
The key attributes desired in the results of this session are:

· The scenarios developed will be sufficiently reasonable that the members of the Case Development Subgroup can “stand behind” it

· The scenarios developed will be sufficiently different from one another that they can be modeled discretely, such that different results can help shape policy choices

The basic process followed in the session is shown in the following diagram:
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The Focal Issue.  As shown in the previous diagram, the first step in the scenario development process applied in this meeting was to agree to the “focal issue.”  The first, proposed language for this “focal issue” was:

“Can Western states and provinces depend on natural gas to supply our energy needs, particularly for power generation, in a reliable manner at reasonable prices?”
After discussion by the group, this was modified as follows:

“To what extent can Western states and provinces depend on natural gas to supply our energy needs, particularly for power generation, in an environmentally sound, reliable manner at competitive prices?”
CEC Staff Strawman Reference Case.  The second step in the scenario development process was for the CEC staff to review their “Strawman Reference Case” with the subgroup.  Different elements of the discussion were led by each of the principals responsible for their respective aspects of the modeling.  Following are the briefing materials used to guide this part of the discussion.
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Strawman Reference Case Assumptions

• U.S. GDP Growth 3.0%/year

• Canada GDP Growth 2.7%/year

• California GDP Growth 2.9%/year

• Gas Demand Growth for Power Generation, Western U.S. 5.4%/year

• Gas Demand Growth, non-Power Generation, Western U.S. 1.3%/year

• Core Demand (100% Res/Com/Trans, 50% industrial) No Fuel Switching

• Non-Core Demand Fuel Switching (gas/oil)

Except California

• Power Demand  Fuel Switching (gas/oil)

Except California

• Gas Resource Base NPC

• Gas Supply Curves USGS

• ANS Gas Pipeline In-Service 2013

• Mackenzie Valley Pipeline In-Service 2010

• Crude Oil Price NYMEX thru 2010, EIA post-2010
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Strawman Reference Case Assumptions (contd)

• LNG regasification capacity

thru 2010

• Power generation capacity

• Transmission Pipelines

• Storage

Operate & expand existing 4, build

3 GOM, 1 Baja …post-2010

development according to NARG

algorithm, based on assumed LNG

cost-of-supply

Incremental capacity served by

natural gas in the West; EIA for rest

of US, NEB: Canada, NPC: MX

Existing plus announced and

permitted and/or under

construction; model determines new

capacity based on economics

Not addressed in current, “long-

term version” of model (annual)


Key Factors and Forces.  The next step in the work session was to identify key factors and forces related to the ‘focal issue.’  These included the relatively obvious, close-at-hand factors in the micro-environment, as well as the key forces in the macroeconomic environment.  The latter included the relatively less-obvious, more remote forces in the wider environment that affect the future, such as what Peter Schwartz refers to as “social, technological, economic, environmental, and political forces;” root causes; and “unknown unknowns.”  

Before brainstorming the key factors and forces, the subgroup was asked to recognize and differentiate among variables:

· Predetermined Elements (remain the same through all scenarios) – examples include the starting point of the power stack, the starting point of industrial demand, and demographics.

· Key Drivers (primary factors from which to draw insights into impacts on Western gas) – examples include production from the Rockies and Western Canadian Sedimentary Basin, levels of LNG imports, and power generation & transmission infrastructure.

· Sensitivity-Only (key factors, but effectively independent of a scenario) – examples include weather, hydroelectric conditions, and oil price.

A brainstorming process was used to list key factors and macro-environmental forces.  Following the brainstorming, a “voting” process was used to high-grade these brainstormed topics.  Finally, the many factors and macro-environmental forces were grouped in a logical fashion.  The two benefits of this list were (a) establish the basis for the “critical uncertainties” driving scenario logics, and (b) identify factors that could be used in sensitivity analyses.  Following are the approximately 80 factors and forces, as well as the “votes” given to each, based on importance and uncertainty.
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Factors and Forces Affecting Natural Gas in the West


Determining Scenario Logics.  The next step in the work session was to agree to the two critical uncertainties that would allow the construction of a matrix that would characterize the scenarios to be developed by the subgroup.  The basic steps were to construct a matrix from two critical uncertainties, try several to test for “richness”, and choose a matrix as the driving forces to deduce four scenario logics for four quadrants of the matrix.  The subgroup was asked to consider whether only one driving force would be relevant – hence, creating two key scenarios versus four.  This was the longest step in the work session, and concluded at about 6:30 p.m.

The major themes that shaped the panel’s decisions on relevant scenarios were:

· Carbon policy and environmental legislation

· LNG development, including world gas markets

· Timing of arctic development

· Coal development

· Public land policy, including infrastructure development

· Demand response, including efficiency and renewable technology

 Several potential matrix axes were considered, as shown in the diagram below, and an example was provided: 
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Potential Matrix Axes: Head Start

Technologic Innovation

Gas Market Globalization

Air Quality Standards

Environmental Requirements

Supply Enablement

Facilitation of Energy Infrastructure

Energy Market Efficiency

Industrial Demand

[image: image6.emf]10/12/2004

23

Map Dimensions to Implications for Western States & Provinces

Supply Enablement

Industrial Demand Growth

High Low

Globally Competitive

High Demand Destruction

•Higher LNG Development

•Streamlined Access to Resources

•Downstream Markets Absorb Higher

Product Prices

•…

•…

•Increased Fuel Switching

•High Global Fuel/Feedstock Prices

•Limited LNG Development

•Higher Inflation due to finished

product prices

•…

•…

•Lower Global Fuel/Feedstock Prices

Drive Investments from N.A.

•High Degree of Job Loss in Energy-

Intensive Industries

•Downward Price Pressure Reduces

N.A. Development, Delays Arctic

•…

•…

•Lower Global Fuel/Feedstock Prices

Drive Investments from N.A.

•High Degree of Job Loss in Energy-

Intensive Industries

•…

•…

EXAMPLE EXAMPLE


Finally, the driving forces of greatest importance and uncertainty were agreed to as:

· The extent to which natural gas supply is enabled, and

· The level of stringency in environmental policy.

Therefore, the following matrix was created, such that each “quadrant” represented a different “scenario logic”:
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Scenarios

Gas Supply Enablement

High Degree

Low Degree

Environmental Policy Less

Stringent

More

Stringent


Scenario Description.  The next step in the process was to subdivide the subgroup into four teams, and for these teams to break out for several hours to define the respective scenarios.  The teams were asked to develop major themes for their scenarios, considering the periods 2005-2006, 2007-2009, and 2010-2014.  Each team was also asked to create an unofficial scenario “title”.  These are shown in the following slide:
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Scenarios

Gas Supply Enablement

High Degree

Low Degree

Environmental Policy Less

Stringent

More

Stringent

Low Carbon Bridge Blue Flame (Gas is King)

Supply Blues in a Green Environment Coal Nation


At the end of the breakout sessions, each of the teams presented and defended their scenario logics to the broader subgroup.  Following are summaries of the five major cases (the four scenarios and the reference case) as developed by the Case Development Subgroup.  An important characteristic of each scenario is that it “begins today”, and therefore must “unfold” over time.  Thus, each scenario must be plausible, but “divergent” from the reference case over time.  No single scenario – including the reference case – represents how the future will be, but how the future could be.  Therefore, the benefit of understanding the reference case and alternative scenarios is the extent to which these scenarios can provide policy makers insights into the future, specifically the implications of certain decisions, actions, or inaction.

Each scenario will incorporate a view on many factors.  Among these are economic growth, the growth in energy demand, consumer responsiveness to energy prices, future changes in electric power generation and transmission, new gas infrastructure, increases in energy efficiency, penetration of renewable energy, conventional and non-conventional natural gas supply response to prices, supply technology improvements, liquefied natural gas (LNG) development, and other factors.  These scenarios are not designed to promote a given policy agenda, rather to shed light on how different policies might affect the natural gas supply/demand balance.  These scenarios (including the Reference Case) are summarized as follows:

Reference Case – The current path, or essentially “business as usual.”  The “reference case” will be the WIEB Core Team’s best estimate of how the natural gas market will evolve if stakeholders – importantly, including governments – continue to behave as they do today.  This case should be considered to be at the “zero” point of the previous matrix, such that today’s levels of “supply enablement” and “stringency of environmental policy” remain in place.  Therefore, on the demand side, this incorporates current expectations reflected in California’s Integrated Energy Policy Report (IEPR), the Energy Information Administration’s (EIA) Annual Energy Outlook, and the “Supply Push” scenario of Canada’s National Energy Board (NEB).  It assumes regulatory requirements established in current law, including requirements that change or are implemented over time, such as mercury controls that would affect coal-fired generation.

With respect to natural gas supply, this continues current restrictions to Outer Continental Shelf (OCS) drilling, current levels of access restrictions for certain lands in the inter-mountain west and the Western Canadian Sedimentary Basin, and current announced timing of the arctic pipelines from the Mackenzie Valley and Alaska North Slope.  The supply picture in the reference case also incorporates resource and cost-of-supply expectations as analyzed by the National Petroleum Council for exploration and development drilling for Canada and US conventional and non-conventional natural gas, reflecting both continued technology advances and a maturing resource base in traditional basins of the US and Canada.  

LNG supplies in the reference case will be delivered through the four existing US LNG terminals, currently-planned expansions of those terminals, and permitted projects currently under construction (i.e., Baja, Alta Mira, and the Gulf of Mexico Energy Bridge); after 2010, new LNG terminals will compete on an economic basis with other supply sources, based on the analyses of world LNG costs and domestic facility construction costs.  For natural gas infrastructure, the reference case includes continued operations and maintenance of existing transmission pipelines and compression, and those pipeline/compression projects that are currently permitted and under construction.  The reference case assumes that future pipelines will be built, or compression installed, based on costs from industry-derived investment parameters and market (supply/demand) requirements foreseen in the NARG model. 

Quadrant I, More Enabled Gas Supply with Less Stringent Environmental Policy (“Blue Flame”).  In this scenario, steps will be taken to enable the supply of natural gas, as well as the infrastructure for natural gas, to a greater degree than “business as usual”, while environmental policy becomes progressively less stringent.  Such a world could be motivated by a sustained high-price environment for energy in general, and natural gas specifically, such that public policies would place a relatively higher premium on reliable, low-cost energy and dependence on market forces than on environmental regulation.  

With respect to energy demand, this is a world in which non-gas energy sources such as coal, nuclear, oil and possibly hydroelectric power would be less restricted by environmental policy – thus, arguably more able to compete.  Later in the period, there will be direct competition for market share in power generation by pulverized coal and other coal techniques based on cost, reducing the advancement of integrated gasification combined cycle (IGCC) technologies and carbon sequestration activities.  In this scenario, power prices progressively fall, reflecting more flexibility in fuel choices and more availability of natural gas.  Conversely, renewable energy sources such as wind power would be required to compete on economics with low or no levels of government support; this would likely be reflected in a stagnation or even a rollback in renewable portfolio standards (RPS).  Likewise, increases in energy efficiency would be driven more by market forces and resulting consumer choices than government support, or even mandates.  In this scenario, gas-intensive industries (chemicals, petrochemicals, petroleum refining, paper, metals, and stone/clay/glass) maintain, and in some instances expand their North American operations.  This, in turn, begins to reflect in lower prices for many derivative goods and services.

With regard to supply, this scenario assumes that steps are taken to access the broad range of supply sources available to contribute.   This assumes more rapid development of the domestic natural gas resources base, resulting in both higher levels of natural gas-directing drilling activity, as well as a greater degree of advancement in technologies to find, drill, and produce natural gas.  This improvement will likely spur even higher available volumes and lower incremental production costs.  The scenario also assumes greater and more-streamlined access to onshore resources, particularly in the inter-mountain west.  Low-cost development approaches would be enabled for non-conventional resources such that “gas factories” would emerge to extract natural gas from coal beds in several areas of the West.  OCS areas would gradually be made available in the Eastern Gulf of Mexico, East Coast, offshore British Columbia, and eventually the US West Coast.  

Not only is there broad access to Continental sources, under this scenario there is a progressive easing of restrictions in LNG facility siting as governments and industry address public concerns over LNG’s benefits, safety, security, and reliability.  This is enabled by federal entities clearly demonstrating the potential consequences and risks in a scientifically sound manner, such that sensationalism is discredited by valid science.  The result would be increased access for LNG regasification facilities in North America.  In turn, this would enable the concomitant upstream supplies from outside North America for both West and East coasts.  In this scenario, there is coordination and cooperation among stakeholders in the development Arctic gas pipelines (MacKenzie Delta and Alaska), including state, local, Native American, provincial, territorial, and First Nations groups in Canada and Alaska.  This is facilitated by adoption of an energy bill by the US Congress, and the incorporation of “Smart Regulation” in Canada, as recommended by the External Advisory Committee on Regulation.

Quadrant II, More Enabled Gas Supply with More Stringent Environmental Policy (“Low Carbon Bridge”).  In this scenario, steps will be taken to enable the supply of natural gas, as well as the infrastructure for natural gas, to a greater degree than “business as usual”, while environmental policy becomes progressively more stringent.  Such a world could be motivated by a continued commitment to the large, recent investments in natural gas based generation and industrial technologies as well as sustained higher prices for energy in general, and natural gas specifically.  It could also reflect societal priorities for the environment – particularly air quality.  Such a setting would incorporate a predominant belief that natural gas is the “bridge” fuel from past decades of oil- and coal-dominated energy supply to a future in which society was less energy-intensive and/or renewable technologies and hydrogen would meet society’s energy needs.

With regard to natural gas supply, this scenario assumes that steps are taken to access the broad range of supply sources available to contribute, but that environmental standards are more precisely articulated in development.  The more rapid development of the domestic natural gas resources base will result in higher levels of natural gas-directing drilling activity; a greater degree of advancement in technologies to find, drill, and produce natural gas; and requirements to reduce surface, air, and water impacts of such drilling.  This improvement will likely spur even higher available volumes, and incremental production costs will reflect such requirements as small-footprint drilling and additional water treatment in coalbed methane development.  While there will be greater and more-streamlined access to onshore resources, particularly in the inter-mountain west, development of non-conventional resources will not allow “gas factories” to emerge to extract natural gas from shales and coal beds in several areas of the West.  OCS areas would gradually be made available in the Eastern Gulf of Mexico, East Coast, offshore British Columbia, and eventually the US West Coast, but only after extensive screening and adoption of best practices employed in such places as Norway and Canada.  An intense focus will be placed on developing gas hydrates.  

Not only is there broad access to Continental sources, under this scenario there is a progressive easing of restrictions in LNG facility siting as governments, industry, environmental advocates, and the public in general address concerns over LNG’s benefits, safety, security, and reliability.  This is enabled by federal entities clearly demonstrating the potential consequences and risks in a scientifically sound manner, such that sensationalism is discredited by valid science.  The result would be increased access for LNG regasification facilities in North America.  In turn, this would enable the concomitant upstream supplies from outside North America for both West and East coasts.  In this scenario, there is coordination and cooperation among stakeholders in the development Arctic gas pipelines (MacKenzie Delta and Alaska), including state, local, Native American, provincial, territorial, and First Nations groups in Canada and Alaska.  This is facilitated by adoption of an energy bill by the US Congress, and the incorporation of “Smart Regulation” in Canada, as recommended by the External Advisory Committee on Regulation.

With respect to energy demand, this is a world in which non-gas energy sources such as coal, nuclear, oil and possibly hydroelectric power would be more restricted by environmental policy – thus, arguably less able to compete using current technologies.  Even if the Kyoto Protocol is not adopted, limits are either specified or implicitly set (via NSPS, BACT, MACT, LAER, and other standards) for carbon dioxide emissions.  It will be difficult for super-critical pulverized coal applications to be adopted, and a large amount of older coal-fired generation – over 40,000 MW – will be de-commissioned due to mercury regulations.  Ontario will maintain its commitment to shut down over 7,000 MW of coal-fired generation.  Dual-fuel (gas-RFO) power generation will be decommissioned at a faster pace, particularly impacting the US northeast and east coasts.    Industrial consumers will also have less flexibility to use fuels other than natural gas in operation of boilers, cogeneration, and chemical processes.  The higher energy costs will provide significant incentives for increased energy efficiency, and the environmental priorities spur the advance of coal IGCC technologies and carbon sequestration.  Renewable energy sources such as wind power will receive continued government support, and higher RPS levels will be set across North America.  Increases in energy efficiency will be driven more by market forces and resulting consumer choices, as well as government support and even mandates.  In this scenario, some gas-intensive industries (chemicals, petrochemicals, petroleum refining, paper, metals, and stone/clay/glass) will reduce their North American operations in favor of locations elsewhere in the world with lower natural gas costs.  The most gas-intensive industries – ammonia/fertilizer producers and methanol producers – will be particularly vulnerable to international competition, possibly causing them to shut down most North American operations early in this scenario.  Petrochemical manufacturers and some major primary metal operations – including copper and aluminum in the West – will be competitively threatened by higher natural gas and power costs, and may make capital investment decisions for new capacity elsewhere in the world such that they will shut down North American capacity later in the period.  The decision processes of these large industrial consumers will be heavily influenced by their view on the degree to which gas supply – importantly, including LNG – will be enabled.

More natural gas storage and pipeline infrastructure will be required to accommodate the increasingly higher peak natural gas demands that will result from the lack of flexibility in fuel use. 

Quadrant III, Less Enabled Gas Supply with Less Stringent Environmental Policy (“Coal Nation”).  In this scenario, development of natural gas supply – including LNG infrastructure – is increasingly hindered, while steps are taken to remove barriers and/or restrictions in environmental policy (regulations and law) that create opportunities to increase consumption of other fuels in power generation and industrial applications.  Such a world could be motivated by concerns over recent higher natural gas and crude oil prices and growing dependence on non-North American energy sources.  In this scenario, societal priorities for the environment – particularly air quality – receive less emphasis due to a greater focus on low-cost energy and perceptions of greater energy reliability.  Such a setting would incorporate a predominant belief that long-term, low-cost, reliable energy supply is only achievable from coal, nuclear, hydroelectric, and liquid petroleum for Canada’s oil sands and US oil shales.  

Natural gas demand continues to grow during most of the period, reflecting the large base of installed gas-consuming capacity in all sectors of the economy – residential, commercial, industrial, and power generation.  Greater emphasis is placed on fuel flexibility, such that liquid fuel backup is allowed on many existing natural gas-based generation facilities, liquid fuel backup is installed on a growing proportion of any new gas-based generation, and many dual-fuel generation facilities are kept in service rather than de-commissioned.  More flexibility in mercury regulations and New Source Review enforcement causes more existing coal-fired generation facilities to stay in operation, and at least 20 GW of planned de-commissioning is cancelled.  Later in the period, there will be direct competition for market share in power generation by pulverized coal and other coal techniques based on cost, reducing the advancement of integrated gasification combined cycle (IGCC) technologies and carbon sequestration activities.  In this scenario, both natural gas and power prices stay persistently high, and only after 2010 does the investment in new coal- and oil-based generation begin to influence power prices.  Renewable energy sources such as wind power would be required to compete on economics with low or no levels of government support; however, current favorable tax treatment provides substantial assistance early in the period.  Thus, despite stagnation or even a rollback in RPS, more wind power is installed throughout the western US and Canada, the US Great Plains, Texas, and even selected offshore areas in the northeast.  Likewise, increases in energy efficiency would be driven more by market forces and resulting consumer choices than government support, or even mandates.  In this scenario, industrial consumers (chemicals, petrochemicals, petroleum refining, paper, metals, and stone/clay/glass) are the marginal natural gas consumers.  The most gas-intensive industries – particularly those that rely on natural gas and/or natural gas liquids for feedstock – may shut down their North American operations in response to the higher natural gas prices.  Other industries that have committed to natural gas in their process operations, such as glass manufacturers, are placed under severe duress in the early part of this period due to higher natural gas prices.  However, certain industries foresee the ability to remain competitive in North America due to the increasing flexibility in fuel use for boilers, cogeneration, and certain process energy.  The higher natural gas prices, particularly in the early part of the period, is reflected in higher prices for many derivative goods and services.  The higher natural gas prices and lower environmental “hurdles” provide impetus to less gas-intensive technologies for extraction and upgrading of Alberta’s oil sands, driving gas usage for oil sands to zero by the end of this period.  Due to the large installed base of natural gas-consuming equipment and the lack of price relief in electric alternatives (space heaters, water heaters, etc), residential and commercial consumers continue to consume natural gas, but gradually incorporate both conservation and efficiency measures.

With regard to natural gas supply, this scenario assumes that the domestic exploration & production (E&P) industry continues to drill in existing plays/basins, but is hindered from developing LNG, certain areas of the inter-mountain west, and OCS areas.  Additionally, the lower priority placed by policy makers on natural gas causes delays in natural gas pipeline and storage infrastructure – importantly including pipelines from the arctic and inter-mountain west, and storage in the Desert Southwest.  The stagnation in development of domestic natural gas resources and limits on LNG terminals cause financial capital, intellectual capital, and technologic development to stagnate in the E&P industries, as even the “second tier” E&P companies progressively exist North America.  Later in the period, this results in lower levels of natural gas-directed drilling activity; a lesser degree of advancement in technologies to find, drill, and produce natural gas; but lower requirements to reduce surface, air, and water impacts of such drilling.  This stagnation will likely cause even lower available volumes, and higher costs of supply.  Current levels of technologic development of non-conventional resources allow “gas factories” to emerge to extract natural gas from shales and coal beds in certain areas of the MidContinent and Texas, and only to a limited degree in the West.   

Under this scenario there is a progressive tightening of restrictions in LNG facility siting as governments, industry, environmental advocates, and the public in general do not address concerns over LNG’s benefits, safety, security, and reliability.  This is caused by the inability or lack of desire for federal entities to clearly demonstrate the potential consequences and risks in a scientifically sound manner, such that there is no consensus on valid science associated with LNG.  The result would be only a handful of new LNG regasification facilities in North America; these would include the facilities currently under construction, one or two in the heavily industrialized areas of the Gulf Coast, and possibly one or two offshore terminals.  This lack of commitment to LNG would create a competitive advantage for Asian and European industries that would be better able to access natural gas from LNG. 

Natural gas infrastructure, particularly transmission pipelines and storage, faces increasing constraints in this scenario.  In this scenario, there is less coordination and cooperation among stakeholders in the development of arctic gas pipelines (MacKenzie Delta and Alaska).  A lack of consensus on energy policy and permitting imperatives is evident among state, local, Native American, provincial, territorial, and First Nations groups in Canada and Alaska.  There is no energy bill from the US Congress, and “Smart Regulation” does not take hold in Canada with respect to natural gas infrastructure.  The lack of infrastructure results in higher peak power and natural gas prices in the Desert Southwest, urban California, and the US Northeast.  Natural gas shortages may occur midway to late in this period.

Quadrant IV, Less Enabled Gas Supply with More Stringent Environmental Policy (“Supply Blues in a Green World”).  In this scenario, development of natural gas supply – including LNG infrastructure – is increasingly hindered, environmental policy becomes progressively more stringent.  Fundamentally, this scenario continues to embrace natural gas as a key fuel, but does not enable development of additional natural gas supplies.  Such a world could be motivated by concerns over recent higher energy prices, a belief that increased drilling in traditional areas will eventually provide more natural gas, that non-hydrocarbon energy sources must be developed, that energy efficiency must be paramount, and that environmental impacts from combustion processes must be progressively reduced.  In this scenario, societal priorities for the environment –air quality, water quality, and the terrestrial environment – receive greater emphasis.  Such a setting would incorporate a predominant belief that higher energy costs, and possibly less reliable energy supplies, may be acceptable in the context of the earth’s environment.  This could also reflect a belief that innovations and renewable energy sources will be increasingly employed in response to temporal higher energy prices.

Natural gas demand continues to grow during most of the period, reflecting the large base of installed gas-consuming capacity in all sectors of the economy – residential, commercial, industrial, and power generation.  However, even less allowance is given to fuel flexibility, such that liquid fuel backup is not allowed on a large portion of existing or new natural gas-based generation facilities.  The environmental priorities of North American society result in de-commissioning many dual-fuel generation facilities, particularly in the northeast US and Canada.  Less flexibility in mercury regulations and New Source Review enforcement causes more existing coal-fired generation facilities to be de-commissioned.  New base-load and peaking generation capacity requirements are satisfied by gas-based generation during most of the period, creating even more natural gas demand and higher natural gas prices reflecting less-enabled supply and industrial demand destruction.  A priority is placed on advancement of integrated gasification combined cycle (IGCC) technologies and carbon sequestration, as these domestic energy sources are seen as the solution for large-scale power generation.  In this scenario, both natural gas and power prices stay persistently high.  The initial “wave” of IGCC installations occurs after 2010, and begins to influence power prices by the end of the period.  Renewable energy sources such as wind power receive significant government support, and are increasingly economically competitive.  As a result of higher RPS levels, more wind power is installed throughout the western US and Canada, the US Great Plains, Texas, but not in offshore areas in the northeast due to NIMBY concerns.  Increases in energy efficiency would be driven both by market forces and resulting consumer choices, as well as government support, and even mandates.  In this scenario, industrial consumers (chemicals, petrochemicals, petroleum refining, paper, metals, and stone/clay/glass) are the marginal natural gas consumers.  The most gas-intensive industries – particularly those that rely on natural gas and/or natural gas liquids for feedstock – may shut down their North American operations in response to the higher natural gas prices.  Other industries that have committed to natural gas in their process operations, such as glass manufacturers, are placed under severe duress in the early part of this period due to higher natural gas prices.  However, certain industries readily able to incorporate IGCC technology into their operations become even more competitive in North America.  The higher natural gas prices are reflected in higher prices for many derivative goods and services.  The higher natural gas prices and higher environmental “hurdles” provide impetus to less gas-intensive technologies for extraction and upgrading of Alberta’s oil sands, driving gas usage for oil sands to zero by the end of this period.  However, these processes are forced to employ increasing levels of water and air controls, possibly including carbon sequestration; these measures increase the cost of oil sands extraction and processing such that Canadian oil producers are susceptible to OPEC-driven moves in the oil markets.  Due to the large installed base of natural gas-consuming equipment and the lack of price relief in electric alternatives (space heaters, water heaters, etc), residential and commercial consumers continue to consume natural gas, but incorporate both conservation and efficiency measures more rapidly as a result of government supports.

With regard to natural gas supply, this scenario assumes that the domestic exploration & production (E&P) industry continues to drill in existing plays/basins, but is hindered from developing LNG, certain areas of the inter-mountain west, and OCS areas.  However, the lower priority placed by policy makers on natural gas supplies causes delays in natural gas pipeline and storage infrastructure – importantly including pipelines from the arctic and inter-mountain west, and storage in the Desert Southwest.  The stagnation in development of domestic natural gas resources and limits on LNG terminals cause financial capital, intellectual capital, and technologic development to stagnate in the E&P industries, as even the “second tier” E&P companies progressively exist North America.  Later in the period, this results in lower levels of natural gas-directed drilling activity; a lesser degree of advancement in technologies to find, drill, and produce natural gas; along with higher requirements to reduce surface, air, and water impacts of such drilling.  This stagnation will likely cause even lower available volumes, and higher costs of supply.  Current levels of technologic development of non-conventional resources effectively remove a large portion of North American natural gas resources from development.

Under this scenario there is a progressive tightening of restrictions in LNG facility siting as governments, industry, environmental advocates, and the public in general do not address concerns over LNG’s benefits, safety, security, and reliability.  This is caused by the inability or lack of desire for industries and federal entities to clearly demonstrate the potential consequences and risks in a scientifically sound manner, such that there is no consensus on valid science associated with LNG.  The result would be only a handful of new LNG regasification facilities in North America; these would include the facilities currently under construction, one or two in the heavily industrialized areas of the Gulf Coast, and possibly one or two offshore terminals.  This lack of commitment to LNG would create a competitive advantage for Asian and European industries that would be better able to access natural gas from LNG. 

Natural gas infrastructure, particularly transmission pipelines and storage, faces increasing constraints in this scenario.  In this scenario, there is less coordination and cooperation among stakeholders in the development of arctic gas pipelines (MacKenzie Delta and Alaska).  A lack of consensus on energy policy and permitting imperatives is evident among state, local, Native American, provincial, territorial, and First Nations groups in Canada and Alaska.  There is no energy bill from the US Congress, and “Smart Regulation” does not take hold in Canada with respect to natural gas infrastructure.  The lack of infrastructure results in higher peak power and natural gas prices in the Desert Southwest, urban California, and the US Northeast.  Natural gas shortages may occur midway to late in this period.

The following pages include tabulations of the major attributes of the DRAFT scenarios.  The reader should keep in mind that these scenario descriptions are still in DRAFT.  Additionally, some of the descriptions are stylistic, reflecting the creative approach of the given team.

	Blue Flame Quadrant 1
	Public and Government
	GDP Growth
	E&P
	Infrastructure
	Power Generation
	Other Demand (LDC)
	Environmental
	Price
	Headlines
	Milestones

	2005-2006
	· Very high near-term gas prices impact public perception in the importance of more energy resource development and options. As a result, environmental laws are modified to be less stringent.

· Reelected Bush administration moves to retreat to simple minimal regulation.

· “New Mexico PUC allows 2,500 MW coal station into rate base.”  Albuquerque Journal.
	· GDP begins to weaken under the weight of very high gas prices.

· Job losses mount into 2005, motivating public outcry for lower cost energy and other commodities
	· High rig count does not produce growth in gas supply.

· A huge industry shift becomes evident toward unconventional play types.

· Success by 2nd and 3rd tier companies allows greater tight rock recovery and the development of gas factories characterized by hundreds of low productivity wells.

·  Smaller resources get exploited at lower costs, and they become and remain competitive.

· Approval of Mackenzie and Alaska pipeline applications result in lease acquisition and drilling in the North.
	· Minimal restrictions on the construction of new pipelines.

· Rockies pipe capacity increases.

· CEC publishes comprehensive compendium on relative safety of LNG terminals and general public awareness of their safety increases.

· LNG terminals are quickly licensed and ground is broken on several sites.  This is due to favorable LNG economics to North America since Europe will still have plenty of cheap gas via pipeline.

· Existing LNG terminals expand.
	· Relaxed air standards allow coal to compete in broad areas of the Continent, and unit train and barge capacity are there to serve it

· Gas technology continues to be the technology of choice.

· In 2006, power demand grows strongly, especially peak.

· Retreat of federal and state legislation on air emissions to allow coal to compete.

· Wind farms begin to encounter resistance due to strong economic competition from gas and coal and concerns about large footprint, visual intrusion, lack of transmission, and damage to birds.
	· Toward the end of the period, less stringent environmental policy stimulates industry in general.

· Gas consumption for production of syncrude increases because it beats coal


	· Commensurate with near term relaxation of of emissions standards, SOx, NOx entitlement markets drop in value precipitously and possibly self-terminate.

· Relaxation of emissions standards accomplish by massive increase in traded and tradable entitlements.


	· Very high price situation stimulates a move to low price situation through technology and public and governmental change.


	· President George W. Wins Reelection by a hair!

· Deh Cho agrees to land settlements leading the way for the Mackenzie pipeline to proceed.

· “New Mexico PUC allows 2,500 MW coal station into rate base.”  Albuquerque Journal.
	· NEB grants permit for the Mackenzie pipeline without delay.

	2007-2009
	· Land use and endangered species laws eased to allow more drilling.

· Tort reform begins such that E&P companies are not getting sued over exploration.

· “Federal Energy bill dies in Committee for lack of interest.”
	· GDP begins to grow robustly motivated by lower energy prices.

· North American GDP grows robustly as well due to high global GDP.

· Recovery and return of energy intensive industry and services in the U.S. and Canada.
	· Favorable state leasing practices open up new areas.

· E&P bonanza underway.

· Maximum public lands leasing

· Shift in ownership begins in North America toward the 2nd and 3rd companies who move into new play types.

· Decline rate is offset by emergence of new entrants, slowing declines.

· •Maximum CBM development, Canada and the U.S.  Modest gas prices stimulate upstream technology, which leads to growth of reserves in existing fields at the high end of the range of uncertainly (for ultimate gas resources).

· Cost of producing from tight sands, CBM, and shales drops below $3.50.


	· North American resources remain flat, but LNG begins to fill the gap as seven new terminals begin operation by 2010.

· Both East and West Coast terminals are moving forward and three new terminals are in advanced development.

· Arctic pipeline begins construction.

· The Mackenzie Delta pipeline begins flowing gas in 2009 at a rate of 1.2 Bcf/d.

· WCSB pipeline capacity to California increases by at least 1 Bcf/d, and the WCSB resource base supports it.
	· Early in the period, coal prices pulled down slightly by softening gas price but stripping ratios begin to increase price making it tougher for coal plants to compete.

· Relatively inexpensive and more abundant gas gives turbine manufacturers confidence to develop the next class of efficient gas turbines.

· Dual fuel power plants are at a disadvantage; old dual fuel plants retire; new plants are single fuel with gas dominating new builds.

· Power generation capacity grows robustly at the low fuel prices.
	· Natural gas begins to enter as a trans-portation fuel (CNG, onboard LNG).

· Robust industrial demand buoyed by low price

· Gas wins end use conversion battles from oil.

· Low energy price re-stimulates entry of industry to U.S., Canada, and Mexico.


	· “Kyoto is dead in the United States”  New York Times

· Because of moderating gas prices and availability in the U.S., gas wins and Kyoto like compliance occurs anyway.

· Because the net cost of power comes down, many utilities have financial resources to pursue wind, voltaics, etc. on a small to moderate scale basis.  Commissions support the move because power rates have eased.
	· Lower prices for gas and coal (taking account of coal asset depletion and consequent increasing minemouth marginal cost).

· Gas price stabilizes in the $3.50-4.00 real range.


	· “Kyoto is dead in the United States”  New York Times

· ANWR opens up for broad scale exploration.

· “Federal Energy bill dies in Committee for lack of interest.”
	· FERC/NEB grants permit for the Alaska pipeline.

· FERC clears all challenge to restrict access for LNG terminals.

· MMS begins leasing program for OCS.

·  President Bush overrides state objections to oil and gas leasing.
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	2010-2014
	· State energy office in Colorado shuts down.

· Surface occupation in gas fields is evident over many places in the west.

· Environmental groups are outraged; public doesn’t care; standards remain relaxed.

· E&P companies agree to restore sites in exchange for additional development rights.
	· Rollback of environmental restrictions and lower gas prices begins to attract less environmental-friendly industries back to the U.S. and Canada.

· Canada’s GDP might be at a slight disadvantage to U.S.
	· OCS leasing proceeds at record pace with most lease blocks secured by major integrated oil companies.

· Rapid shelf decline is mitigated by production from the Flex Trend and OCS.

· Companies accelerate development of newly discovered “material” resources

· Technology evolves and experience allows E&P companies to lower their cost structure from tight and formerly marginal resources.

· Anticipated NA resource base collapse forestalled beyond 2015. Both WCSB and L48 production stay flat (no decline) and perhaps some production growth occurs.

· Alaska and Northern Canadian gas enters.

· Supplemental gas such as hydrates and coal gasification appear attractive on the horizon
	· Seven new terminals are on line by 2010 and three more are completed by the end of 2014.

· Alaska project after securing lending guarantees in 2005 is about to be commissioned in 2013. It will flow from 45 Bcfd initially expandable to 6.0 Bcf/d by compression.
	· Return to simple rate of return regulation in virtually all states for both power and gas because the perceived need for tight price regulation leaves the system because of abundance and low price

· Relatively higher coal prices compared to gas keep gas competitive.


	· LDC regulation eased for lack of interest or need.

· LDC rates of return improve because they are allowed to recover full rates and achieve market share growth
	· Differential application of environmental rules among states dominates plant siting, i.e., plants go to the most benign locations

· Old coal plants begin to be mothballed because they are less competitive, replaced by new gas and/or new coal

· Canada abandon’s Kyoto to ensure the Canadian E&P industry is competitive with the U.S.  Other signatories to Kyoto consider sanctions on Canada


	· Price stabilizes in the $3.50-4.00 real range
	· Study group to explore the possibility of extending the Alaska pipeline over the Bering Strait and into Russia!!!

· “CPUC approves 8 LM-6000 turbine farm at Dodger Stadium because it lowers rates and eases transmission bottlenecks.”  Los Angeles Times


	Three new LNG terminals begin construction; one on the West Coast and two on the East Coast (one in Canada).


	Low Carbon Bridge Quadrant II
	Public and Government
	GDP Effects
	E&P
	Infrastructure
	Power Generation
	Other Demand (LDC)
	Environmental
	Price
	Headlines
	Milestones

	2005-2006
	Federal and state R&D funding for technology advances in advanced nuclear design, IGCC demonstrations, CO2 sequestration and hydrogen. 

PUCs begin to approve long-term power and gas purchase agreements


Federal and state governments boost conservation and renewable programs.


With Federal incentives the first commercial IGCC plant starts construction.
	GDP growth begins to stall under the weight of very high gas and power prices.

Job losses mount into 2006.
	The BLM facilitates new Rocky Mountain supplies.  

Further deep-water incentives are passed.


High drilling rates continue in the U.S. and Canada.
	Little new energy infrastructure activity in this period except more gathering and transmission out of the Rocky Mountains.

LNG terminals are permitted on the East, West and Gulf Coasts.  

The ANS Pipeline enabling legislation is passed.

The Mackenzie Gas pipeline obtains necessary rights-of-way through all public, private and First Nations lands.  


	Outside of western states, more new gas-fired peakers and CCGTs built to fill gap with growing demand given few other alternatives.
	High fuel- intensive industrial demand continues to decline.
	Growing concern by western states for drying, hotter weather leads to CO2 limits by all western states. 

New Kerry administration moves forward with stricter environmental policies and renewed emphasis on renewables and conservation.

Mercury removal from coal set at 90% for later phase-in.

Tighter NSR requirements are reemployed.  
	Price remains high with no new supply and steady demand.
	Western States Take Lead on Carbon Policy

Northeast States Reach Agreement on Regional Carbon Program

Kerry Administration Reaches Compromise on Tighter Light Truck CAFÉ Standards
	First West Coast LNG terminal fully approved.

Relaxation of environmental and conservation laws and regulations from Bush administration is reversed.

	2007-2009
	RPS standards are strengthened and extended.

State governments pass incentives for DSM and conservation and protect earnings of LDCs.

RTOs and open access to all power grids are established nationwide.
	GDP effects begin to stabilize with growing infrastructure activity.

Growth in high tech conservation and renewables industry offsets losses in heavy industry.
	Favorable state leasing practices open up new areas.

E&P bonanza underway.

OCS deep water gas development surpasses oil activity.

Mexico imports decline with increased Mexican gas development.

Canadian exports grow with new gas development offshore British Columbia.


	First new LNG terminal opens on Gulf Coast.

Arctic pipeline starts construction.

Pipeline expansions out of the Rockies continue.

Mackenzie pipeline commences operation.
	Addition of gas-fired peakers continues but at slower pace as conservation and DSM begins to shave peak loads.

Some major coal plants are shut down from imposition of mercury limits.

Further restrictions on hydro operations puts more pressure on gas generation.

Natural gas plants built near load centers with little new transmission.
	High fuel intensive industrial demand continues to decline as plants close or retrofit more efficient processes.
	Federal government accepts national CO2 limits program.

Carbon sequestration required by 2010 for all new major power plants.


	Prices stabilize but remain high with little new supply and growing economy.

Forecasters see eminent drop in gas prices due to new LNG supplies and alternative fuel competition.
	New Hampshire First State to Reach RPS Goal of 20%

Coal-Based Power Generation Declines

Freeport Receives First LNG Cargoes
	Federal carbon limits imposed.

Arctic pipeline from Mackenzie Delta completed and ANS pipeline under construction.

National consensus for conservation and environment at all time high.

	2010-2014
	Lower power and gas prices allow state PUCs to focus on regulating gas and power distribution.

All interstate power transmission rules are harmonized nation wide.

Federal government now focused on international energy stability.
	Lower energy prices boost GDP and attract new industry to the U.S. and Canada.
	Mackenzie gas from Canada and new LNG cuts gas price and North American E&P activity.
	Several new LNG terminals open on 3 coasts and total LNG imports double.

Most new power transmission for connection of IGCC and wind farms. 

ANS pipeline starts filling at end of period.
	First IGCC starts operation.  

Total wind capacity reaches 10% of all U.S. generation.

New DSM programs, DG installations and demand-as-generation access stop growth of peak.
	Demand grows in R/C sectors and power generation with new sources of LNG and Arctic gas.
	All CO2 and HG rules are fully phased-in.

Environmental community presses for new round of restrictions in response to lower gas and power prices.


	Prices moderate from competition with wind, IGCC, DSM programs.
	Natural Gas Price Decline First in a Decade

Cleaner Air Lowers National Health Costs
	Total Alaskan, Canadian gas and LNG imports to Lower-48 surpass 30 Bcfd.

Conservation fervor lessens with lower energy prices.

	Coal Nation Quadrant 3
	Public and Government
	GDP Growth
	E&P
	Infrastructure
	Power Generation
	Other Demand (LDC)
	Environmental
	Price

	2005-2006
	· Very high near-term gas prices impact public perception in the importance of more energy resource development and options. As a result, air quality laws are modified to be less stringent (roll-back of NSR requirements).

· Reelected Bush administration moves to retreat to simple minimal regulation, allowing the private sector to generate power via the least cost method.

· Isolationist motivations (spurred by int’l reliance on oil) create restrictive LNG policy.
	· GDP benefits from relatively cheap gas and power.

· Mild recovery of gas intensive industries as lower gas for power demand allows industrials to regain gas consumption “market share”


	· High rig count does not produce gas supply growth, but stabilizes continental supply (for now).

· Land access remains a frustration for Rockies producers.

· Arctic resource initiatives stall as gas market loosens
	· Initially, status quo on infrastructure permitting.

· North American gas pipeline network remains relatively static.

· LNG terminal projects are frustrated by NIMBY issues.


	· Relaxed air standards allow coal to compete.

· Existing coal fired generation facilities make long neglected capital investments, significantly increasing coal-fired generation capacity at economics superior to gas-fired generation.

· As a result of the boom in gas-fired new builds from 2001-2004, market heat rates (and power prices) stay low and relatively stable.

· New coal-fired plants go into development

· Little economic or policy-driven incentive for renewable R&D initiatives
	· Toward the end of the period, less stringent air quality policy stimulates industry in general.


	· With a relaxing of emissions standards, SOx, NOx entitlement markets drop in value and possibly self-terminate.

· Potential gradual degradation of air quality in urban areas.


	· Low energy prices during this period as market is free to source power from cheapest possible fuel (ignoring externalities).
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2007-2009
	· In response to the relative loosening in the gas market, less attention is paid to gas supply streamlining and infrastructure enhancements.

· “Federal Energy bill dies in Committee for lack of interest.”
	· Higher gas prices begin to be somewhat of drag on GDP as discretionary income is reduced.

· Industrial gas consumers once again get squeezed out as North American gas supplies begin to decline substantially.
	· Restrictive leasing practices keep gas domestic supply below potential.

· Declines in existing fields dominate new finds, lack of substantial new imports.

· Motivated by higher prices, E&P companies exploit smaller resource plays characterized by hundreds of low productive wells.


	· Shifting supply dynamics within North America are frustrated as the pipeline network is slow to adjust to surging Rockies gas and declining gulf supplies, creating volatile regional gas price differentials.

· Industry revives arctic pipeline initiatives; although regulatory and tax negotiations are slow as US government refuses to aggressively push the project.
	· As power demand grows, gas-fired generation recaptures market share as new coal-fired plants will not be on-line until 2010-2013.  Given gas supply declines, power prices surge and become more volatile.

· Market heat rate rises as industry turns to some of the less efficient gas-fired plants to serve power growth at the margin.

· Despite high gas prices, some new gas-fired plants projects continue to be developed based on siting, timing, and flexibility advantages.


	· Efficiency initiatives are revived at the residential and consumer level in the face of high gas prices.

· Gas intensive industries are permanently “squeezed out”—moving to countries with cheaper fuel.


	· “Kyoto is dead in the United States”  New York Times

· Re-emergence of price motivation for efficiency and conservation technology for power and gas.

· In response to surging power prices, utilities aggressively pursue wind, voltaics, etc. PUCs support the move because of the high cost of traditional power.

· Continued degradation of air quality as coal plants continue to run at (upgraded) capacity. 

· Popular support for clean-air initiatives gains ground as the decade comes to a close.


	· Gas prices would surge through this period as an outright gas supply shortage emerges.

· Regional gas price differentials would become increasingly volatile as restrictive infrastructure policy creates inefficiencies.

· Coal prices would remain relatively tame as near-term demand is capped by existing coal-fired plants.

· Power prices would surge, as marginal MWs are priced off of the gas market.




	Coal Nation Quadrant 3
	Public and Government
	GDP Growth
	E&P
	Infrastructure
	Power Generation
	Other Demand (LDC)
	Environmental
	Price

	2010-2014
	· Government continues “hands off” approach with respective to fuel (and emission) regulation

· However, political pressure begins to push towards prescriptive air quality standards by the end of the period.
	· Pressure on discretionary income and gas-intensive industries continues gas prices remain high and volatile (drag on GPD).
	· Companies accelerate development of newly discovered “material” resources

· Technology evolves and high prices allow E&P companies to exploit tight and formerly marginal resources.

· However, new finds are still substantially less than declines in the existing gas production base.

· Arctic gas and some new LNG is expected later in the decade (2017-2019).
	· Expansions are eventually made in North American pipeline grid to support shifting supply and demand locations.

· Alaska project, after finally securing lending guarantees in 2010, is expected to be commissioned in 2018. It will flow from 4.0 to 6.0 Bcf/d.

· LNG projects gain traction as North America becomes gas starved relative to space heating and residual power generation requirements.
	· New fleet of coal-fired facilities comes on-line in the 2010-2013 period.

· Gas-fired generation remains on the margin due to load following capabilities and siting requirements.

· Generation technological and efficiency efforts are at the fore-front as the US faces continued volatile power prices.


	· Gas and power conservation and efficiency initiatives take hold reduce demand growth.

· Industrial gas demand is reduced to only the most price inelastic uses.
	· Utilities continue to aggressively develop wind, voltaics, etc. PUCs support the move because of the high cost of traditional power.

· Air quality issues move to the political forefront once again as the effects of increased emissions become apparent.  Negative health impacts become more common. 
	· Due to its ample resource base, coal price increases are manageable despite increased demand from the power sector.

· Despite decreased demand, gas prices remain high as domestic supply declines keep gas market extremely tight.

· Power prices are somewhat high and extremely volatile, reflecting continued exposure to gas prices.




Work Session Step 3 – Sensitivity Analyses.    The subgroup acknowledged that the listing of key factors and forces contained many variables that it would recommend for sensitivity analyses in the Western Natural Gas Assessment.  The subgroup further agreed to collectively recommend such sensitivity analyses after finalizing the scenario descriptions.

Work Session Step 4 – Wrap-Up, Recommendations to WIEB Core Team.    The subgroup provided the following advice to the WIEB Core Team:

· The current direction of natural gas in the West must be understood

· Multiple uncertainties exist, and will shape the future

· The role of multiple uncertainties must be understood

· Modeling projections should be focused to support decision-making

· The “Reference Case” should reflect the best estimate of a “current path” for natural gas in the West

· Alternate scenarios that will provide insights will reflect the degree of supply enablement, and the degree of stringency in environmental policy affecting natural gas consumers

· Multiple, specific “sensitivity analyses” on key issues and variables are essential to provide policy makers with an understanding of the implications of given factors and forces affecting natural gas

· Modeling should integrate the power market with the natural gas market

· Modeling should account for the total North America market

· The reference case should incorporate the following considerations:

· Different timing on the Alaska North Slope pipeline

· Efficiency standards, including EIA factors and CA funding levels

· Gas demand growth rates, elasticity of power generation demand in the West, changes in the generation fleet, reconciling to the EIA’s 2005 Annual Energy Outlook, and “own elasticity” of “Core Demand”

· Different oil pricing and timing

· Electricity demand growth rates

· LNG, including Alta Mira and certain other plants not yet under construction

· Power capacity in the West

· Weather cycles

· Hydroelectric conditions

· Storage
The next steps for the subgroup from the work session were as follows:

· Team leaders will coordinate write-ups and “story lines” for the scenarios

· CEC staff will develop a data input template for each scenario, including its best estimate of data and modeling algorithms to reflect the intent of the scenarios

· The subgroup will provide feedback and upgrades on the data “maps”

· Hal Chappelle, WIEB Advisor, will draft a list of sensitivity analyses identified in the work session

· A conference call will be held to wrap up the scenario definition

· The scenarios and reference case will be submitted to the WIEB Core Team

· The subgroup will be re-convened in early 2005 to review modeling results
Follow Up to Scenario Development Work Session

In response to the steps outlined in the previous section, various steps were taken.  The draft scenario write-ups and “story lines” are included in this report.  Key sensitivities and data “maps” for the Reference Case and alternative scenarios are shown as follows:

Draft Sensitivity Analyses for Reference Case & Alternative Scenarios

	Sensitivity Analysis
	Reference
	I
	II
	III
	IV

	LNG Development  - More
	
	
	
	
	

	LNG Development  - Less
	
	
	
	
	

	LNG Development  - Accelerated
	
	
	
	
	

	LNG Development  - Delayed
	
	
	
	
	

	Domestic Supply Access - restricted
	
	
	
	
	

	Domestic Supply Access - increased
	
	
	
	
	

	Supply Technology - enhanced
	
	
	
	
	

	Supply Technology - reduced
	
	
	
	
	

	Pipeline Infrastructure - accelerated
	
	
	
	
	

	Pipeline Infrastructure - delayed
	
	
	
	
	

	Storage Infrastructure - accelerated
	
	
	
	
	

	Storage Infrastructure - delayed
	
	
	
	
	

	OCS Development - enhanced
	
	
	
	
	

	Arctic Pipelines - accelerated
	
	
	
	
	

	Arctic Pipelines - delayed
	
	
	
	
	

	Gas Potential - Higher Resource Base
	
	
	
	
	

	Gas Potential - Lower Resource Base
	
	
	
	
	

	Carbon Emissions Restrictions
	
	
	
	
	

	Industrial Demand Elasticity
	
	
	
	
	

	Residential/Commercial Demand Elasticity
	
	
	
	
	

	Electricity Demand Growth (kwh)
	
	
	
	
	

	Economic Growth (GDP)
	
	
	
	
	

	Coal-fired Generation Development
	
	
	
	
	

	Gas-fired Generation Development
	
	
	
	
	

	Renewable Technology Development
	
	
	
	
	

	Demand Response, Power
	
	
	
	
	

	Demand Response, Gas
	
	
	
	
	

	End-Use Efficiency
	
	
	
	
	

	Fuel Switching
	
	
	
	
	

	Weather - Temperature Cycles
	
	
	
	
	

	Weather - Hydroelectric Conditions
	
	
	
	
	

	Global Gas Competition
	
	
	
	
	

	Crude Oil Price
	
	
	
	
	


Draft Data “Map” for Inputs to Reference Case & Alternative Scenarios

	Modeling Parameter
	Reference
	I
	II
	III
	IV

	SUPPLY
	
	
	
	
	

	
	Access
	
	
	
	
	

	
	Cost of Supply
	
	
	
	
	

	
	Technology
	
	
	
	
	

	
	Other Restrictions
	
	
	
	
	

	
	LNG - locations
	
	
	
	
	

	
	LNG - capacities
	
	
	
	
	

	
	LNG - timing
	
	
	
	
	

	
	LNG - costs
	
	
	
	
	

	
	Arctic - origin
	
	
	
	
	

	
	Arctic - timing
	
	
	
	
	

	
	Arctic - capacity
	
	
	
	
	

	
	Arctic - tarifff
	
	
	
	
	

	INFRASTRUCTURE
	
	
	
	
	

	
	New Capacity/Expansion
	
	
	
	
	

	
	Capex
	
	
	
	
	

	
	Opex
	
	
	
	
	

	
	Comp. Losses
	
	
	
	
	

	
	Timing
	
	
	
	
	

	
	Locations, From/To
	
	
	
	
	

	
	"Hardwired" Developments
	
	
	
	
	

	DEMAND
	
	
	
	
	

	
	Industrial
	
	
	
	
	

	
	Fuel Switching
	
	
	
	
	

	
	Fuel Types
	
	
	
	
	

	
	Capacity
	
	
	
	
	

	
	Own Price Elasticity (price responsiveness)
	
	
	
	
	

	
	Cross Price Elasticities (Fuel Switchability)
	
	
	
	
	

	
	Income Elasticity (Wealth Effect)
	
	
	
	
	

	
	Weather Elasticity
	
	
	
	
	

	
	Lag Coefficient
	
	
	
	
	

	
	Reference P&Q
	
	
	
	
	

	
	Residential/Commercial
	
	
	
	
	

	
	Power Elasticity
	
	
	
	
	

	
	Renewables logic
	
	
	
	
	

	
	Coal retirements (environment related)
	
	
	
	
	

	
	Nuclear Development
	
	
	
	
	

	
	IGCC
	
	
	
	
	

	
	Hydroelectric dispatch
	
	
	
	
	

	
	Coal non-IGCC new builds
	
	
	
	
	

	
	Peak demand growth
	
	
	
	
	

	
	Electric energy demand growth
	
	
	
	
	








� Including hydroelectric supply, and status of relicensing for nuclear and hydroelectric


� Including oil sands extraction and processing in Alberta





