7 July 1999

To:
Grid of the Future White Paper Authors and Reviewers

Fm:
Joe Eto

Re:
The Grid of the Future White Project and the White Paper on Scenario Analysis

This memo describes considerations leading to and preliminary descriptions of scenarios for inclusion in the CERTS white paper on Scenario Analysis for the DOE Grid of the Future (GOTF) project.  This memo will serve as the basis for the GOTF conference call scheduled for 9-11 AM PDT on July 9, 1999. (The dial-in number is 888 232 0365; the participant code is 224135.)

This memo addresses the following topics/issues:

A proposed organizational framework for all six GOTF white papers that clarifies the role of and purposes served by the white paper on scenario analysis;

An overview of issues for developing scenarios, including the necessarily iterative process of developing them;

Considerations or elements that are proposed for inclusion in each scenario;

Thematic proposals for 4 scenarios, including an initial discussion of interrelationships among selected scenario elements.

Note that, following a discussion of the purpose served by this memo and the role of the white paper on scenario analysis, I am hoping that the majority of our conference call will focus on ensuring that the list of considerations identified in item 3 is complete, and then, even more importantly, on refining the descriptions of the scenarios proposed in item 4.

1. The Role of the White Paper on Scenario Analysis in the GOTF Project

Among other things, what emerged from the GOTF conference calls was an understanding that an important role of the white paper on scenario analysis is to provide a unifying framework for the other five white papers.  Describing this role, therefore, first requires a quick review of: a) the overall purposes served by the GOTF white papers; and b) the basic premises of or perspectives that are planned for each of the other five papers.

The purpose of the six GOTF white papers is to provide the basis for the development of a multi-year DOE research plan.   The papers must, at a minimum, address all issues that are appropriate for inclusion in this plan.  At the same time, the papers should also be understood as comprehensive, stand-alone documents that are richer in content than solely those items or issues appropriate for federally-funded research.

The GOTF conference calls in the first half of June provided authors with an opportunity to present and hear from their CERTS peers on the discussions planned for each white paper.  At the risk of offending each author and the other discussants on the calls, I summarize what I took away from each of the discussions as the basic premises, perspectives, and issues that will be explored in each of the five white papers.  [To each one-sentence summary I add thoughts on some of the issues I submit are raised for our discussions of scenarios and the role of scenario analysis.]

Recent Reliability Events – Near-to-mid-term R&D needs and institutional issues that emerge from a review of recent reliability events and from recent industry R&D trends/activities (such as WAMS, FACTS, etc.);

Bulk Power Markets – Current and emerging institutional and market structures for bulk power with a focus on mid- to long-term (hours to years) approaches for maintaining system reliability through either market-based or centralized procurement approaches, and a discussion of issues that must be addressed for increased participation by demand-side resources in provision of these system reliability services;

Integration of Distributed Resources – Reliability-related planning and operational issues associated with accommodating substantially increased levels of distributed resources connected to the distribution system (compared to the very modest levels of penetration of today);

Treatment of Uncertainty – Methods for accommodating greater uncertainties in short-term planning for (but not real-time operation of) the grid (based on those which result from restructuring) that focuses on the need for more and better information, more sophisticated conceptualization of uncertainties (e.g., correlation among contingencies), and improved modeling approaches; and

Real Time Control – Re-examination of control laws and analytical tools for electric power system security appropriate for a/some future state of the industry.

These are thumbnail summaries that I will admit do not do justice to the richness of our discussions.  The primary significance of these summaries for the white paper on scenario analysis is that the first two white papers start from the power system as it exists today, while the last three consider issues starting from some point in the future.  Of course, although the last three are less firmly tied to (or restricted by) current conditions, they cannot be purely hypothetical and must be rooted somehow in the present.

Based on this understanding, I propose that the role of the white paper on scenario analysis should be to establish a conceptual linkage between and a consistent framework for the discussions in the first two and final three white papers.  It will achieve this end by articulating at least one scenario that is closely related to aspects of today’s situation, as well as additional scenarios that imagine plausible future conditions that may be very different from those of today.

2.  Introduction to Scenario Development for the Grid of the Future Project

Scenarios are stories of the future.  They are not predictions.  Their value derives from the thinking they inspire on what can or should be done, and how best to go about doing it.  If done carefully, this process of thinking the unthinkable, as it is sometimes called, leads to a deeper understanding of key uncertainties and, more importantly, to the identification of appropriate strategies for addressing them.  In the present context, we may (although, we also may not) find certain electric system reliability R&D activities that would appear to be appropriate under any scenario for the future of the U.S. electric power system.  One could then argue confidently for pursuit of these activities because they are likely to be robust in this regard.

Scenario analysis involves postulating several internally consistent, alternative futures.  One then analyzes the implications of each alternative (or scenario) for a particular planning objective.  In this case, the planning objective is development of an appropriate portfolio of public-interest electric system reliability R&D.  Scenario analysis is a valuable tool for planning because the alternatives -- a) planning based on point forecasts of the future, and b) no planning at all -- are either always wrong or an insufficient basis for spending public funds.

Conducting scenario analysis requires explicitly articulating: a) the characteristics or features of a scenario that are relevant for the analysis; b) the driving forces that underlie them, as well as the feedback loops among them; and c) the perspectives that will be considered. 

Driving forces can be thought of as “causes,” while characteristics can be thought of as “effects.” The characteristics of the scenarios that are relevant for our analysis are the physical, economic, institutional, and regulatory features of the electric power system.  These characteristics are distinct from the driving forces, which explain how they might come about.  Driving forces include technological changes, macro-economic factors, political trends/preferences, and regulatory constraints.  Driving forces are, in some sense (though not always cleanly) external to the system we are studying. 

The distinction between driving forces and characteristics is important conceptually because our conference call discussions of possible scenarios or aspects of them sometimes confused the distinction between them.  However, this, too, is a bit misleading.  Important feedback loops exist between causes and effects.  Identifying these logical relationships is a key challenge for developing internally consistent scenarios.  

In an effort to accelerate the process of scenario development, I propose an inductive approach.  Under the inductive approach, we start by describing features of the final scenarios and then “reverse engineer” the underlying driving forces and relationships that would be needed to cause such a scenario to come about.  This process is useful for identifying the aspects of a particular scenario that are logically inconsistent with one another (and then modifying them accordingly).

I submit that this process will not be as easy as this makes it sound.  As noted, the relationships between (and among) driving forces and specific scenario characteristics will often not be entirely clear.  However, I do believe that it will be easier to postulate characteristics of scenarios than it will be to formulate completely the underlying driving forces or to describe adequately the relationships between and among them.

Of course, it should be painfully clear from these considerations that the process of developing scenarios is necessarily an iterative one – one which this memo proposes to start.

The final element of scenario analysis is the perspective(s) that is considered in identifying appropriate R&D needs and priorities.  An earlier memo, dated 4 June 1999, began this discussion.  Subsequently, comments have been received that will assist in sharpening these points.  There is no need to repeat that discussion in this memo.  To summarize, we are laying the groundwork for the development of public-interest research plan that is appropriate for public (i.e., DOE) funding.

The main point to remember is that it will be critically important for all of the white papers to pay close attention to the difference and balance between public and private interests.  Doing so will require describing clearly the R&D needs of various market participants (both public and private), as well as their ability to address them without publicly funded R&D.

3. Proposed Scenario Elements – Underlying Driving Forces and Characteristics

This section outlines the menu of items from which the scenarios will be developed.   I have tentatively divided the menu into two categories, driving forces and scenario characteristics.  As noted, the line between them is not as bright as one might think.  This list has been developed primarily, though not exclusively, from the conference call discussions.  

An important part of our discussions should be to ensure that the list is complete.  At the same time, it is not essential to draw equally from all possible scenario elements in defining any one particular scenario.

Potential Driving Forces for the Scenarios

Driving forces are factors that in some sense (but again not cleanly) external to the system we are studying.  Whether they go “up” or “down,” has direct consequences for features of our scenarios.  Many are linked to one another through feedback loops that we will need to articulate.  

I have organized a preliminary list of potential driving forces underlying the scenarios around four themes:  Technological, Resource, Political/Institutional, and Environmental.  Note: the choice of themes and composition of the list underneath each are less important that the specific driving forces, themselves.

Technological driving forces might include:

the cost and performance of electric generation and transmission system technologies;

the cost and power of computational tools;

the capabilities and cost of advanced communication systems;

new applications for electric power (e.g., electric vehicles);

Resource-related driving forces might include:

the availability and cost of natural gas;

the demand for electric services

Political/Institutional driving forces might include:

preferences for market mechanisms versus centralized approaches for making resource allocation decisions;

the scope and balance of authorities among local, state, and federal regulatory agencies;

the extent and forms of consolidation among market participants

Environmental driving forces might include:

restrictions on the ability to site and build new transmission facilities;

restrictions on the emission of greenhouse gasses

Potential Characteristics of the Scenarios

Characteristics are the descriptors the system we are examining.  These characteristics result in some fashion from the underlying driving forces.  I have organized the characteristics of the scenarios around two primary features:  Physical/Economic, and Institutional/Regulatory Options. 

Physical/Economic characteristics

generation, transmission, and distribution capacity adequacy

variations in production and transportation costs

demand for electricity services

Underlying all three of these are issues of scope:

geographic - within control areas (or within distribution planning areas) vs. within interconnected regions

temporal – cycles, seconds, minutes, hours, days, seasons, years

Institutional/Regulatory characteristics

What decisions are made in the electric power system:

security, voltage stability

regulation, frequency control

congestion management

ancillary services

electricity production

electricity consumption

unit commitment

scheduled consumption/production

transmission (& distribution) system investment

generation investment

Who is responsible for making them:

generators

control area operators

independent grid operators - regional transmission operators

security coordinators – regional reliability councils/NERC

transmission system owners

market making entities

FERC

state regulators

distribution system operators (=owners?)

customers, including aggregators

On what basis, and under what constraints:

economic (bi-laterally centralized markets (spot, forward), performance-based ratemaking/regulated rate of return)

non-economic (e.g., environmental dispatch)

regulatory rules/legal laws (closely related to the above)

Underlying the first two are again issues of scope:

geographic

temporal – these are generally implicit in the decisions listed above

4. Proposals for Four Thematic Scenarios

Obviously, given the above list, endless permutations leading to countless scenarios are logically possible.  However, in the remainder of this memo, only four are proposed in order to provide a tractable basis for discussions.  We can add or subtract scenarios as part of our discussions.  More likely, we will tear apart, re-integrate, and augment those proposed here until they become unrecognizable.

As noted in the introduction to this memo, the scenarios are intended to provide clear pathways to the discussions that will appear in each white paper.  Thus, developing complete scenarios from these initial sketches should focus on adding missing elements or clarifying interrelationships needed in order to ensure that the scenarios support the perspectives that are being considered in the white papers.   Of course, the process of developing the white papers, themselves, should also be viewed as being at least partially iterative with this process of developing the scenarios that underlie them.

Scenario1.  No Resolution – Lack of Consensus/Absence of Strong Leadership

Characteristics

A nation of mixed systems, some satisfying many or most of FERC’s requirements for RTOs; some a long ways from it with no clear pathway toward (or sufficient incentives motivating) compliance with RTO NOPR (due to significant local/state political opposition).  Coupling remains weak among control areas, while increase demands for increased transfers between control areas create intense pressures on security coordinators and transmission relief protocols.  Loop flows not internalized because geographic scale of institutions remains too small. Role of market-based mechanisms for acquisition of reliability services, and management of congestion limited or non-existent.  NERC’s transformation into NAERO is incomplete; new market entrants continue to feel excluded. Dispute resolution takes place through courts of law in slow, costly, and never-ending processes.  Transmission rate pancaking continues because there is no consensus on appropriate formulas for allocation/recovery of fixed costs among parties. Degradation of institutional capabilities of organizations that traditionally played a major role in reliability management, as uncertainties in business environment lead to dramatic staffing cuts.  Lower bulk power system reliability and dramatic price volatility elicits balkanized approaches based on local interests (and may be a contributor to development of scenario 4.) 

Driving Forces

Large economic gains from trade create significant demands for bulk transmission services. Lack of clear incentives and public opposition/strong environmental opposition constrain construction of new transmission facilities.  Absence of complete resolution of stranded assets continues to stall progress toward more open markets.  Public confidence and support for restructuring wanes among stakeholders that do not see real economic gains (or even losses).  State authorities dig-in and challenge or ignore FERC directives and various stakeholders successfully lobby to water-down federal legislation. 

Scenario 2.  FERC’s Panacea: Lightly-Regulated, Enormous RTOs

Characteristics

Large, multi-state, regional transmission system operators satisfy all four of FERC NOPR characteristics and provide all seven functions internally, as well as manage other market making and operational activities less central to maintenance of short-term reliability.  Tight coupling/integration among system reliability, many economic operational (unit commitment, spot market) and transmission planning activities (and possibly, ownership of all transmission assets within a region).  Multiple control areas merged or coordinated centrally within a single organization.  Significant internalization of congestion management and loop flow.  Limited trade across boundaries; reduced reliance on security coordinators/regional reliability councils (or, rather, internalization of these functions). Governance structures and regulatory rules ensure societally optimal balance between incentives to operators to maintain system security and maximize efficient trade.

Comparison with Max ISO – similar in many ways to Max ISO, but technical complexity is increased by shear geographic scope of responsibilities.  Perhaps more friendly to market-based approaches and the creation of markets than a centralized welfare maximizer to resolve allocation issues; but responsibility for organization and operation of markets is centralized (not contracted out or left for others to develop); hence, support for market operations is more closely linked to other functions.

Driving Forces

Significantly increased economies from trade within large geographic regions; plenty of wealth to share. 

Strong, domineering federal leadership; comparatively weaker (politically speaking) state and corporate entities (no more stranded assets to protect).

Cheap transmission technologies; elimination of public aversion to construction of new transmission lines – excess transmission capacity reduces severity of equity/allocation issues stemming from congestion management.

General aversion or distrust of market-based mechanisms to yield societally optimal outcomes; faith in centralized planning approaches to make equitable and efficient resource allocation decisions in face of market imperfections and high transaction costs.

Scenario 3.  An Alternative to FERC’s Vision: Lots of Loosely Coupled, Smaller RTOs

Characteristics

RTOs are formed to satisfy all FERC conditions and to carry out all functions, but are small geographically (single control areas at most) and thinner.  Significant reliance on protocols, contracts, and market-mechanisms with external parties to carry out all but a handful of core, non-diversifiable functions (i.e., focus primarily on system security and providing support to market makers, including market monitoring?).  Significant up-front costs to design explicit protocols for responsibilities and performance requirements for un-internalized functions that are supported/facilitated.  Innovative institutional forms and contracting arrangements emerge to carry out these functions.  Transaction costs from externalizing these functions are low compared to economic efficiencies gained and political value associated with the ability to abdicate responsibility for equity implications to the “invisible” hand of market operations.  However, at the same time, there is an increased role for security coordinators and regional reliability bodies to establish fair rules of the road among operators (successful transformation to NAERO), as geographic scope of operators is limited. 

Comparison to Min ISO – Explicitly articulating a geographic scale and making an assumption that there will be limited trade across boundaries focusses attention on the long- and short-run incentives that might be created and the scope/scale of benefits over which increased transaction costs must be compared.  On the other hand limited trade among RTOs diminishes need for regional bodies to address loop flow and interregional congestion management, which are issues that may be particularly challenging for Min ISO.  Moreover, there is a real concern that smallness in scale means markets will end up being too thin, which is an important structural threshold to consider.

Driving Forces

Technological advances in generation technologies, continued availability of cheap natural gas, constraints on hydro capacity, working-off of stranded assets all combine to reduce production cost differences across regions and thereby reduce market demand for long-distance trade over high voltage networks.  (Interconnected systems used once again primarily for reliability rather than trade)

State jurisdictional fights limit geographic size of RTOs.  Piecemeal resolution of stranded asset issues creates uncoordinated incentives that might lead to more regional solutions.

Political philosophical preferences for argue for reliance on market-based mechanisms whenever possible.  Aversion to regulatory approaches or healthy skepticism of their efficiency and immunity from political influences.

Scenario 4.  Stranded Transmission Assets – A Distributed Electricity Future

Characteristics

Load growth increasingly provided by smaller sources located within the distribution system. Growth and placement of resources decided primarily by customers (not by utility distribution planners).  However, value of customer investments increased by tariffs that allow customers to capture the local value of distribution system investment deferral and the system value of providing reliability services (both by load and distributed resources).  Adaptively sized/configured, automatic islanding and resynchronizing (but not necessarily system black start) schemes become routine responses to bulk power system outages.  Load sharing and tracking among sites within resulting micro-grids is implicit; however, decentralized, rather than centralized dispatch procedures are followed.  In the very long run, reliance on the bulk transmission system for power, sychronicity, and voltage support might be abandoned entirely.

Driving Forces

Bulk power and or local distribution system reliability degrades significantly. Growth in (and co-location by) power quality sensitive loads.  Natural gas for prime movers is cheap and plentiful.  Highly reliable, efficient small-scale generation (and power electronic interface) technologies are cheap.  State utility regulators make distribution companies indifferent to loss of load. 

