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Introduction





The U.S. electric power system is in transition from one that has been centrally planned and controlled to one that will be increasingly dependent on competitive market forces to determine its operation and expansion.  Unique features of electric power, including the need to match supply and demand in real-time, the interconnected networks over which power flows, and the rapid propagation of disturbances throughout the grid pose unique challenges for ensuring reliability that are likely to be exacerbated in the future.  As the physical events of 1996 and the market events of 1998 demonstrate, the reliability of the grid and the integrity of the markets its supports are integral to the economic well-being of the nation.





This white paper has been prepared for the Department of Energy (DOE) Transmission Reliability Program project on the Grid of the Future.  It is the first in a series of six white papers commissioned by DOE to establish a foundation for the development of a multi-year program of federally-funded research, development, and demonstration (RD&D) to maintain and enhance the reliability of the U.S. electric power system in a restructuring electricity industry.�





The purpose of this white paper is to: 


Develop four scenarios for the future evolution of the U.S. electric power system;


Outline, for each scenario, critical, enabling reliability-related RD&D needs, which are developed in greater detail in the following five white papers; and


Describe considerations for federal funding for RD&D in support of these needs.





In the remainder of this introduction, we first introduce the concept of scenario analysis as a strategic planning tool, and second describe the rationales and principles that form the basis for our assessment of the appropriateness of federally funding for some but not all  of the identified RD&D needs.





The white paper is organized in six sections following this introduction.  In section two, we provide a non-technical introduction to selected reliability-related features and institutional options for the U.S. electric power system that form the basis for the development of the scenarios.  In sections three through six, we describe each scenario and outline the implications of each scenario for needed reliability-related RD&D.  In section seven, we consider the impact of four key uncertainties on each of the scenarios.   In section eight, we summarize our findings.





Scenario Analysis as a Strategic Tool for RD&D Planning





What is scenario analysis and how can it inform RD&D planning?





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 RD&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 RD&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 -- either are always wrong, or provide an insufficient basis for spending public funds.





The construction of scenarios and assessment of key uncertainties





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





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.  However, even saying this is a bit misleading because mportant feedback loops exist between causes and effects.  Identifying these logical relationships is a key challenge for developing internally consistent scenarios.





In sections three through six, we develop four scenarios for the future of the U.S. electric power system.  Each section is organized as follows:  First, we describe the essential features or characteristics of the scenario and, in particular, emphasize the ways in which it differs from the other scenarios.  Second, we identify selected driving forces, which we believe will tend to influence events toward one scenario versus another.   Third, we outline basic RD&D needs that are associated with each scenario.  Fourth, we examine the rationale for federal support in meeting these needs.





The scenarios, themselves, are introduced in conscious fashion, starting from a scenario similar to the current situation in parts of the U.S. today.  To this, we postulate two additional scenarios that embody elements of today’s independent system operators (ISOs), guidance from the recent Federal Energy Regulatory Commission (FERC) Notice of Proposed Rulemaking (NOPR) on the formation of Regional Transmission Operators (RTOs), as well as stylized enhancements that reflect two very different philosophies regarding the appropriate organization of the future restructured electricity industry. The final scenario focuses on the distribution system and the potential role of distributed or dispersed energy generation, storage, and utilization.  It is included as an adjunct to the first three scenarios both because it is to some extent compatible with each of these scenarios and because it raises unique reliability-related RD&D issues that are not addressed in the other three scenarios.





As a result of feedback loops between scenario characteristics and driving forces, it is important to consider the influence of key uncertainties in these driving forces on the RD&D findings from each scenario.  Section seven of this white paper identifies several key uncertainties and evaluates our findings in light of them.





The Rationales and Principles for Federal Support for Reliability RD&D in a Restructured Electric Industry





The objective of the Grid of the Future white papers is to identify future reliability RD&D needs of the U.S. electric power industry.  Some of these needs can, will, and should be met by the private sector without public funding; others can only, and in some cases should be met with public funding.  In many cases, a combination of private and public funding will be appropriate.  In order to set the stage for the discussions that follow, both in this white paper and in the following five white papers, it is appropriate to state clearly the standards we use to identify reliability RD&D appropriate for federal funding.





We rely on two rationales and three principles to establish and apply these standards.





Rationales for Publicly Funded Reliability RD&D





Rationale 1:  Advances national interests.  Economic efficiency, social welfare, public safety, environmental protection, and national security are all national interests that must be advanced by conduct of publicly funded reliability RD&D.  Without these benefits, there is no prima facie reason for seeking federal funding to support these activities.





Rationale 2:  Will not be otherwise pursued by the private sector.  Market participants will act based on economic self-interests, as shaped by economic regulation and commercial law.  Federally funded research is understood to be complementary of, not in competition with, privately funded RD&D activities.





In short, there must be compelling evidence that national interests will be advanced and that, without federal funding, these interests will not be served adequately by the private sector.





Principles for Publicly-Funded RD&D





Principles help to determine when rationales are being invoked.  Often, more than one principle may be involved.





Principle 1:  Benefits take too long to realize. The private sector has a short time horizon and is unable to wait long enough to capture benefits.





Fundamental, enabling basic research may take many years of continuous funding before commercial products can begin generating returns.  Time horizons are shortened especially during periods of rapid structural change in an industry, as many firms become cautious and conservative about their future.





Principle 2:  Benefits are too uncertain.  There is significant risk involved in committing funds to a line of research because success is not guaranteed.  Risk cannot be sufficiently diversified through pooling with other private sector participants.





Research may lead to products that cannot cover their costs (although use of the same basic research by others might ultimately be profitable).  Here, again, structural change in an industry means that it is harder to tell what the ultimate market for or profitability of a product might be. There may be insufficient financial incentives to private market participants because the structure of the industry is still in flux.





Principle 3:  Benefits cannot be captured adequately by a single or group of private sector market participants.  There are public goods aspects to RD&D that may be difficult to capture through existing patent and copyright laws.





The likely beneficiaries (which ought to be paying for it) are unable to support needed RD&D because their mission is not adequately clear or, again, because they are simply underfunded or understaffed.  This, in turn, may also be a function of an industry in transition, but it may also be a permanent structural shortcoming of whatever institutions get put into place.





Principle 4:  Public interests may be better served by parties without financial interest in the outcomes.  Private interests have powerful (and appropriate) incentives to ensure research maximize their well-being.  The public goods aspects of reliability-related RD&D suggest that there may be a role for un-biased, third-party evaluation and conduct of certain types of research for which there is a significant danger of foregone social gains from complete reliance on market outcomes.





At the extreme, market solutions may simply be infeasible because certain reliability-related services are fundamentally public goods.  Markets for the restoration of service following outages are unlikely to arise through the actions of private market participants acting in their own self-interest due to the inherently integrated nature of the system.�





Principle 5:  There is a mandate.  While it is hard to imagine cases in which the government would mandate reliability RD&D that does not meet the two rationales (as threshold conditions); a mandate should be understood as prima facie evidence for the appropriateness of public funding.  





As an example, the recent report from the Secretary of Energy Advisory Board Task Force on Electric System Reliability made several technical recommendations to the Department of Energy (DOE).  These recommendations do not have the force of law, but they do represent fairly clear and unambiguous high-level direction regarding what the Task Forces believes is appropriate for DOE to fund.





Applying Rationales and Principles to the Scenarios





Using these rationales and principles to justify federal funding for reliability RD&D requires describing the expected benefits of RD&D and explaining how exactly the market is not working effectively to capture them. Part of this showing could involve reviewing privately funded R&D activities to determine in which areas and for what activities the market is working.  While such a showing may be necessary, it will not be sufficient, because we are be limited in our understanding of the full scope privately-funded RD&D that is currently under way.





Therefore, in lieu of this empirical approach, we will identify specific reasons why the market might not work properly in each of the scenarios.  The showing generally involves describing the responsibilities and incentives of market participants for RD&D in each scenario and then demonstrating that the market, alone, may not provide adequate incentives for appropriate levels of investment in RD&D.  The principles listed above can be thought of as potential elements for this showing.�
Electric Power System Scenario Elements





The scenarios developed in this white paper describe different possible organizational and institutional structures and features for a future U.S. electric power system.  This section provides a non-technical introduction to the physical aspects and requirements of electric power system operation and the institutional/structural issues currently under discussion for meeting these requirements in the future.  This discussion is intended to provide background to system reliability RD&D needs that emerge as specific options are combined into the four scenarios.





Electricity represents the ultimate in “just-in-time” manufacturing. It must be produced in real time in quantities that exactly match continuously varying demands because storage of the product is currently not economical (although cheaper storage technologies are under development).  Transportation of the product to consumers takes place at essentially the speed of light.





The U.S. bulk power transmission system permits trade across large geographic regions through interconnected networks of transmission lines.  Power flows are initiated by injections and withdrawals at pre-determined points within the network.  However, the specific pathways taken by these flows are determined entirely by the laws of physics, which are dictated by the geographic relationships among and physical characteristics of the transmission lines.  Fortunately, electricity, as a product, is homogeneous (an electron is an electron is an electron…).  Technologies to directly control aspects of the flow of electricity have been developed (e.g., FACTS), but are not used extensively.�





Most bulk power transmission in the U.S. takes place using alternating current (AC).  In an alternating current system, the frequency of voltage and current frequency – the two underlying constituents of electric power – must be closely aligned and regulated.  Indeed, the entire electric power system, including generators, transmission and distribution systems, and the myriad of electricity consuming devices has been likened to an enormous, interconnected machine in which all the parts operate in unison at a constant sixty cycles per second.





These features of the electric power system create special challenges for ensuring reliable operation.  Because demand varies constantly, excess generating capacity must on-line and always be available to respond instantaneously to increases in demand.  Because physical features of components within the power system (e.g., the lines, generators, and loads) cause mis-alignment between voltage and frequency, special devices and additional sources of generation must be located throughout the system and act continuously to ensure alignment.  Because flows over the lines cannot be controlled, extensive studies must be undertaken ahead of real-time operation to ensure that expected flows will not overload weaker lines. Because disturbances (or outages) cannot be predicted, still further studies must be undertaken ahead of real-time operation to ensure that the system is operated in such a way that it will remain stable in response to the sudden loss of a generator or line.  Finally, because disturbances propagate through the system at the speed of light, extensive systems of automatic switches (called relays) must be maintained to ensure that disturbances in one part of the system are isolated automatically.





Historically, all of these aspects of power system operation were coordinated and maintained by a single entity – the vertically integrated electric utility.  Restructuring, at bottom, represents an effort to separate or un-bundle these formerly integrated aspects of power system operation and to then allow them to be re-bundle them in ways that are expected to lead to greater economic efficiencies.





Functional unbundling refers to separating the formerly vertically integrated elements of the utility into separate businesses.  Federal Energy Regulatory Commission (FERC) Orders 888 and 889 directed electric utilities to functionally separate their electricity generation business from their electricity transmission and distribution business.  FERC’s objective was to allow increased competition among electricity generation businesses.  





Retail access refers to another form of functional unbundling in which retail service is further separated from distribution.  Under retail access, electricity consumers are free to choose their supplier of electricity.





In order to understand how unbundling affects electric system reliability, it is useful to separately identify (i.e., un-bundle) the different physical operations involved in supplying electricity according to the time-scale over which these operations take place.





Starting with the long-term, measured in years and months, plant construction (including transmission and distribution facilities as well as power plants) and acquisition of staff are the actions that must be taken to provide electric service.  In the mid-term, measured in months, maintenance of facilities and training of staff follow.  In the short-term, measured in weeks to days, scheduling decisions must be made to start and stop certain classes of power plants, which require long start-up and shut-down procedures (also called unit commitment).  In the very-short-term, measured in hours to minutes, dispatching decisions must be made to increase or decrease generation output to match expected demand, to ensure sufficient reserves are available, and to relieve lines that may become overloaded (or congested).  In near-real-time, measured in minutes to less than seconds, fine-tuning decisions must be made to increase/decrease generation in order to regulate system frequency and to ensure voltage remains stable (primarily through reliance on automatic controls).  In real-time, measured in even smaller fractions of a second, automatic actions must have been previously enabled to allow the system to instantaneously open circuits and prevent disturbances (when they occur) from propagating through the system and damaging equipment.�





Restructuring does not change the need for these physical actions, which will continue to remain essential for the operation of a reliable electric power system. Instead, restructuring, involves creating alternative institutional arrangements for the procurement and management of these operations.  Recall that in the vertically integrated utility, these decisions are made in a rate-regulated environment by a single decision-maker.  In a restructured industry, these decisions will be made in a marketplace environment by multiple decision-makers seeking to maximize their well-being subject to the rules of road that have been established. With respect to long-term decision identified above, for example, functional unbundling means that decisions to invest in electricity generation facilities are no longer an exclusive decision made by utilities within the purview of utility economic regulators, but instead decisions that can be made, in principle, by any investor willing to take the risks associated with selling a product for which a buyer is no longer guaranteed.





The most important debates in restructuring involve differences of opinion over the extent to which and the best way to coordinate market-based decision-making for the procurement and management of the actions or services identified above to support the complex physical operating requirements of the interconnected electric power system.





It is easy to imagine the general form for some of these markets.  For the mid- and short-term operating actions, forward markets for contracts to provide energy (and commit generation resources) can be created.  For the very-short-term operating actions, spot markets can be created.  For the near-real-time and real-time operating actions, forward markets can be created for contracts for call options to provide needed services.�  The more thorny issues lie with the details of how these markets are structured: Which services?  How many markets?  If more than one, how are they interrelated?  How centralized are the markets in operation?  How are the markets governed or regulated? Who owns transmission assets? Who plans for grid expansion?  And most important of all, who is responsible for ensuring system reliability?





One set of issues is the number of separate markets that should be created and the interactions between them. California represents an example in which markets for short-term and very-short-term actions have been separated from near-real-time and real-time actions through the creation of the PX and the ISO, respectively.





Another set of issues is the degree of centralization in the organization of the market.  Centralized markets typically require stricter commodity definitions and place significant responsibility on the central market operator to ensure transparent and fair operations.  Decentralized, or bi-lateral market operations, in which buyers and sellers negotiate directly with each other, can lead to more flexibly defined and innovative (i.e., bundled) commodities; moreover, responsibility for ensuring fairness in these transactions is borne solely by the market participants involved.�





Discussion of various mechanisms for making these decisions also clarifies there can be an institutional separation between market operation and system operation.  That is, markets can lead to agreements among parties to provide energy or reliability-related services in pre-specified amounts or in response to pre-determined conditions according to a schedule.  System operation, in turn, may involve no more than the physical execution of these agreements following pre-determined operating rules.  





Another set of issues involves the ownership and operation of transmission facilities.  In the five currently operating independent system operators (ISO) in the U.S., ownership of transmission assets remains with the formerly (or currently), vertically integrated utility, while control of the assets is now assigned to the ISO. Governance (and in particular the degree of independence from market participants) is a special concern because, as the monopoly provider of transmission services, an ISO has access to valuable commercial information on market conditions.





Closely related to the issue of ownership, is the role of profit-making (or more broadly incentives for efficient operation) and, with it, regulation of transmission, both of which remain nettlesome issues under most scenarios for the future.  All five ISOs are currently organized as non-profit entities and, hence, rate or performance-based regulation has been less of a concern than governance. In the future, however, issues of regulation may assume increased prominence as profit-making Transcos, which would both own and operate transmission assets, are considered. 





For all of these discussions, responsibility for and enforcement of reliability standards is a  critical issue.  Today, control area operators are responsible for ensuring reliability standards and operating procedures are met within 140 electrically- and geographically-defined regions of North America.  The standards and procedures they follow have been established on a voluntary basis by 12 regional reliability councils that operate under the auspices of the National Electric Reliability Council (NERC).  These standards and procedures affect decisions made in all the time-scales previously identified.  More recently, NERC and the regional councils have established 23 security coordinators who are assigned responsibility for directing actions that affect very-short-term to near-real-time decisions based on conditions observed across multiple, interconnected control areas.  





These standards and procedures were originally developed solely to ensure system reliability.  They were developed and policed in a voluntary fashion by a comparative handful of vertically integrated utilities with regulated earnings and few incentives to compete with one another.  Today, the transmission system is being operated increasingly in support of markets for electricity trade.  How reliability standards and procedures will evolve in the future is a critical unknown.  NERC has recently proposed creation of a mandatory body to permit continued, but stronger self- (rather than government-) regulation of reliability standards in a restructured industry, in a manner akin to the Securities and Exchange Commission.


�
Scenario 1.  Minimal Change, Functional Unbundling, only





Description





Under this scenario, there is minimum structural compliance with Federal Energy Regulatory Commission (FERC) orders 888 and 889.  Vertically integrated utilities continue to own transmission facilities and operate control areas, but they functionally un-bundle transmission and power merchant functions.  Transmission system functions and staff are separated from wholesale generation marketing functions and staff.  Standards of conduct define appropriate and inappropriate interactions between these staff.  Transmission services are taken by the utility under the same open access tariffs available to other market participants.  Separate rates are posted for wholesale generation, transmission, and six ancillary services.  Available Transfer Capability (ATC) and transmission prices are posted on the Open Access, Same-Time Information System (OASIS).





Market operations are limited to wholesale electricity trade conducted on a bi-lateral basis between buyer and seller.  There is no retail access; vertically integrated utilities continue to perform economic dispatch to serve franchise customers. Transmission prices and ATC, while posted, are based on internal calculations made by transmission owner/operators.  For example, Capacity Benefit Margins (which reduce ATC) are set by transmission owner/operators using rules that are not well-defined nor subject to audit. 





The existing regional scope of system operation (i.e., current control area boundaries) is unchanged, leading to myopic and potentially inaccurate ATC calculations, pancaking of transmission access charges, and continued disputes over compensation for loop flow.  





Investment in grid expansion is hampered by lack of clear (or uncertainty in) incentives for potential investors and by the absence of regional decision-making bodies with either the incentive or authority to direct grid expansion.  In fact, FERC authorizes lower rates of return for transmission investments that those traditionally authorized, further dampening investment. 





Indeed, there are no inherent incentives for the vertically integrated firm to actively support development of wholesale competition.  In fact, if saddled with strandable assets or concerned that there are real threats to continuation of the retail monopoly franchise, there are extremely powerful incentives to thwart new entrants.  For example, the traditional incentive for transmission system investment in the form of rate of return regulation and access to lower cost sources of supply must now be balanced by the competitive threat that might be advantaged by a more robust transmission system.





Reliability management remains a primary responsibility of control area operators.  However, limited regional scope does not provide incentives for initiating actions based on a system-wide perspective.  Hence, security coordinators play a vital role in ensuring adequate coordination among control areas.  Congestion management is conducted through reliance on NERC’s Transmission Relief Protocols, which are controversial and objected to by some market participants as subject to gaming.





Transformation of NERC to the North American Electric Reliability Organization (NAERO) is incomplete.  Newer market entrants continue to feel excluded.  Dispute resolution takes place through courts of law in slow, costly, and time-consuming processes.  In view of the time required for resolution, market participants are reluctant to bring suits for fear of retribution in the marketplace while legal challenges drag on.





The institutional capabilities of organizations that have traditionally played a major role in reliability management degrades, as uncertainties in the utility business environment lead to dramatic staffing cuts.  Lower bulk power system reliability and dramatic price volatility elicit balkanized approaches based on parochial interests.





Key Driving Forces





Large economic gains from trade create significant demands for bulk transmission services.





Yet, unclear findings from public health studies and popular environmental concerns fuel strong public opposition to construction of new transmission facilities.  





Absence of complete resolution of stranded assets continues to stall progress toward more open markets and regional solutions.  





Public confidence and support for restructuring wanes among stakeholders that cannot (or have been precluded from) enjoying real economic gains (and even suffer losses).  





State authorities dig-in and challenge or ignore FERC directives and various stakeholders successfully lobby to water-down federal legislation.





System Reliability RD&D Needs





The system reliability RD&D needs under the minimal change scenario are grounded in familiar power system planning and operational needs.  All traditional elements of modern power system planning and operation remain important.





In the area of tools, RD&D needs include improvements in:


load forecasting;


maintenance scheduling;


unit commitment;


system monitoring;


state estimation;


optimal power flow;


contingency analysis;


steady-state security assessment;


dynamic security assessment;


available transfer capability (ATC);  and


transmission planning.





The latter two classes of tools will prove to be especially important in this scenario because they represent points of interface between the vertically integrated firm and the market to which the firm is now charged with providing non-discriminatory access.  However, the issues of importance will tend to hinge less on technical issues and more on procedural and enforcement issues.  What assumptions are made in ATC calculation and determination of transmission prices? What is the objective function that is being maximized in transmission planning? And what are the distributional impacts of the resulting solutions?  Unfortunately, without NAERO, the only venue where these questions can be aired will be in courts of law.





There is a need to accommodate greater uncertainty in short-term planning in that actions of market participants seeking to use the grid can not be predicted as reliably as a system consisting of only one user.





A critical new set of RD&D needs under this scenario is tools and technologies to help define, quantify, cost, monitor, and verify provision of ancillary services.





In the area of technologies, RD&D needs include advances in:


monitoring, such as time-synchronized phasor measurements, to determine the state of the system more precisely;


metering, to increase the number and types of services that can be unbundled and priced separately;


communication, to exchange information more rapidly and reliably;


computation, to accelerate calculations of all types;


risk management and decision analysis, to allow for better management of uncertainties in near-real time;


control, to reliably operate the network ever closer to real time;


operator interfaces, including data visualization (and training simulators), to permit better operating decisions;


transmission, such as Flexible AC Transmission Systems (FACTS) to increase the controllability of flows through the network.





Rationale for Federal RD&D





While there may be little controversy over needed RD&D in this scenario, there remain important issues regarding the appropriate balance between public and private interests in supporting these needs.  On the one hand, in the areas of computation, communication, risk management/decision analysis, and operator interfaces, basic RD&D advances are likely to come primarily from outside the electric power industry.





On the other hand, there is an absence of strong incentives to support any system reliability related RD&D, except that which is very short term and which can guarantee competitive advantage. As noted, there is no incentive for investments in RD&D to increase the market-enabling capabilities of the system.  Most important of all, in an environment driven by price competition, many needed investments in reliability RD&D will have pay-offs that are too far in the future, uncertain in magnitude, and potentially difficult to capture adequately.  Hence, it is unlikely that they will be undertaken by the private sector, alone.


�
Scenario 2.   Maximum ISO Consistent with the FERC NOPR





Description





Under this scenario, new entities, called Regional Transmission Operators (RTO), emerge to satisfy all four characteristics and provide all seven functions outlined in FERC’s May 12, 1999 NOPR.  In addition, we postulate a particular direction for selected aspects of RTOs that were left open by the NOPR.  These include centralizing the procurement of many energy and reliability-related commodities in markets that are formally organized and operated by the RTO.





With respect to the necessary characteristics identified in the FERC NOPR, the RTO is structured as a for-profit entity that is not controlled by market participants. The regions controlled by a single RTO are large, typically encompassing more than one existing control area (through a master/satellite arrangement), often controlling operations in more than one state, and, most important of all, operating all transmission facilities within a given region.  The RTO is also designated the security coordinator for the transmission facilities that it controls.  Finally, the RTO has exclusive authority for maintaining short-term reliability.





With respect to the necessary functions identified in the FERC NOPR, the RTO performs all of them and then some.  That is, the RTO: a) provides non-discriminatory access to transmission services to all market participants; b) develops and operates market mechanisms to manage congestion; c) addresses parallel flow; d) is supplier of last resort for ancillary services; e) is the single OASIS site, independently calculated TTC and ATC; f) monitors the market; and g) plans transmission.  





In addition, the RTO also operates integrated forward and spot markets for energy, as well as for markets for reliability-related or ancillary services (while, at the same time, respecting market participant’s right to self-provide some services).  The RTO contracts for call options to provide reliability-related services needed in near- and real-time using various competitive solicitation approaches that it also manages. 





A defining feature of the market mechanisms employed by the RTO is their formal organization and centralized management.  For example, based on information from the forward markets, the RTO performs and then makes available information from a globally optimized unit commitment that it then uses to schedule the dispatch of generators and set nodal transmission prices.





Finally, in addition to operation, the RTO also owns all transmission assets and is solely responsible for transmission planning and investment.





In this scenario, ultimate responsibility for maintaining system security rests firmly with the RTO.  The RTO is the provider of last resort for ancillary services (principally through call options on generators).  The RTO also retains ultimate authority to order re-dispatch in response to various contingencies.   As required by FERC, the RTO is also the NERC security coordinator. 





A key challenge in this scenario lies in the incentives provided to the RTO for efficient operation.  One the one hand, a final guarantor of reliability, the RTO should have incentives to ensure reliability cost-effectively.  On the other hand, as market-manager, the RTO should also have incentives to maximize efficient trade.  To the extent these objectives are in conflict with each other, appropriate trade-offs will have to be made and reflected in the system of incentives faced by the RTO.





Key Driving Forces





Significantly increased economies from expanded trade within large geographic regions.





Wealth created by trade leads to mutually agreed-upon sharing formulas that facilitate rapid working off of stranded assets.





Unified, strong, domineering federal or regional leadership; comparatively weaker (politically speaking) state and corporate entities (which no longer have stranded assets to protect).





Faith in centralized market-operating bodies to perform in a competent, transparent, and fair manner.





Faith that such integrated and centralized approaches will be more efficient, in part by lowering transaction costs otherwise faced by parties contracting in less centralized market settings.





Political acceptance that these market outcomes may eventually lead to large inequities in the distribution of wealth, which may be more publicly observable due to the centralized nature of the markets.





System Reliability RD&D Needs





System reliability RD&D needs under this scenario build upon the RD&D needs identified in Scenario 1.  However, creation of such enormous RTOs places greater emphasis on several of RD&D needs, and operation of centralized markets create new RD&D needs unique to this scenario. 





The greatly increased size of the RTO considered in this scenario places greater emphasis on RD&D needs identified for the Scenario 1.  These include:


Increased demand for advanced monitoring technologies to collect, process, and share data over larger geographic areas;


Better, faster algorithms and more powerful computational platforms for solving traditional power system problems, such as state estimation, security-constrained optimal power flow, and integrated optimal power flow and unit commitment, however, now considering greatly increased network sizes; and


More powerful methods for efficiently evaluating more possible contingencies, including new approaches that consider multiple and correlated contingencies, again due to the significant increase in geographic scope of responsibility.





In addition, reliance on centralized market mechanisms to acquire many system reliability services creates new RD&D needs, including:


Design and operation of efficient and coordinated centralized markets (e.g., settlement procedures);


Market interface technologies (i.e., communication) to enable broad participation and secure operations;


Costing methodologies for services that must be provided centrally, in particular assignment of losses within the transmission system;


Transmission planning tools that incorporate distribution impacts of different investment alternatives;


Revisions to system protection philosophies that appropriately balance desires for increased trade against desires to prevent damage to equipment (and maintain system security); and


Private risk and financial management tools.





While it is assumed that appropriate incentives for efficient RTO behavior are created, there will be a need for greater transparency in the manner in which these tools and technologies are used.  This need will be driven by the need to provide greater accountability to market participants for decisions that affect their economic well-being.  Particularly in view of the dual-responsibility of the RTO for market operation and system reliability, there will be a need to document and justify inevitable trade-offs that will be made in carrying out these responsibilities. 





Rationale for Federal RD&D





In steady-state, a system of well-designed and smoothly-functioning large RTOs should have ample and powerful incentives to invest adequately meet many reliability RD&D needs. An exception would be those that at the extremes of being very distant, highly uncertain, or especially difficult to capture.  However, in order to reach steady-state, substantial investments in RD&D will be required to design appropriate institutional structures and systems of incentives for RTOs.  In the interim, it is likely that gaps in technology RD&D will develop while the industry is in transition.  In this state of transition, there is a compelling rationale for federal RD&D to maintain inertia in reliability RD&D until more stable structures for supporting RD&D are created and put into place. 


�
Scenario 3.  Minimum ISO consistent with FERC NOPR





Description





This scenario, while also consistent with the FERC NOPR RTO characteristics and functions, is offered as a sharp contrast to the previous scenario.  The previous scenario was predicated on a philosophy of centralized market organization and operation.  It combined two design objectives, welfare maximization through market operation and maintenance of system reliability.  In contrast, this scenario is predicated on a minimalist philosophy that actively seeks to reduce or eliminate the need for centralized coordination wherever possible, consistent with agreed upon standards of performance.  The RTO in this scenario is focussed solely on maintenance of system reliability. 





A major point of departure from the Maximum ISO scenario is that the Minimum ISO has limited or no responsibility for organizing or operating markets for trade.  Instead, the primary job of the RTO is to execute orders for trade, monitor the state of the system, and provide information to market participants on system conditions in order to inform their decisions to engage in trade toward outcomes that can be accommodated reliably by the system.  Market participants are then left to negotiate among themselves toward these outcomes.





The primary objective of the RTO is maintaining short-term system reliability.  With respect to many near-real and real-time operations, there are of course limits to the ability of decentralized markets to self-organize and sustain themselves.  Thus, the RTO must stand ready to intervene physically as a last resort when markets fail to (or inadequately) respond in order to mitigate contingencies or take emergency actions.





A key feature of the minimum ISO design philosophy is reliability-related decision-making that is devoid of economic considerations.  Of course, there is an inevitable tension between impartially established rules of the road and economic efficiency.  For example, in response to an emergency, the RTO would invoke control actions according to well-defined rules.  However, the resources it would call upon to respond to these situations would likely be procured ahead of time through competitive solicitations.  Similarly, in order to manage congestion, assuming private markets to manage congestion fail to clear in response to information about the need for relief (and an institution, which may still be distinct from the RTO, is not organized to step-in to manage this situation), the RTO would need to invoke protocols to relieve congestion.  Obviously, invoking these protocols would have economic implications for affected parties.  However, by assumption, we are assuming that these implications will not considered in implementing the protocols (at least not at the time they are being invoked).





Consistent with the minimalist philosophy, the RTO does not own nor engage in planning for transmission assets.  As with the short-term markets it supports, the sole responsibility of the RTO is to provide un-biased information on system conditions to allow market participants to make (and take full responsibility for the consequences of) these decisions. At the same time, a key un-resolved question is what (if any) institution (likely, distinct from the RTO) is needed to stand ready as supplier of last resort should inadequate transmission capacity arise (although, put another way, the key question here might be how would one define inadequacy in transmission capacity).  Siting, of course, will still require some form of government authorization.





Regional scope is important un-resolved issue under this scenario.  Under an idealized minimum ISO, the only limits on (minimum or maximum) size is the market size necessary to support efficient and self-sustainable trade among market participants.  Indeed, minimum ISO could, in principle, accommodate several, small maximum ISOs (i.e., private pools) that organize trade on behalf of different groups of market participants, while at the same time accommodating bilateral trade among other groups of market participants.





Finally, the RTO is a for-profit entity.  Its compensation is tied to how well it supports market operations with a minimum of intervention in them, as well has how well it responds to contingencies that cannot be addressed by markets.





Key Driving Forces





Many of the same driving forces that lead to Maximum ISO also lead to Minimum ISO.  Foremost among them is the significant economic gains from trade, which in turn makes politically acceptable the wealth sharing necessary to permit an equitable and quick elimination of stranded assets.





However, under this scenario, there also remain sufficient parochial concerns (e.g., state’s rights) and distrust of centralized planning approaches that no party is willing to accept the assumed impartiality and benevolence of a centralized market operator.  There are concerns that the optima sought by centralized market operators are too elusive (or do not offer substantial gains over other solutions).  Others simply believe it is more appropriate politically speaking to devolve responsibility for market outcomes to the collective prowess of self-interested market participants (i.e., the “invisible hand”).  Still others argue that centralized solutions stifle innovation and that the underlying doctrine that short-term economic efficiencies will lead naturally to longer-term efficiencies is more a matter of faith than fact.





System Reliability RD&D





In the maximum ISO scenario, system reliability RD&D needs were framed in the context of RD&D needs of the RTO, itself.  Under the minimum ISO scenario, many of these needs remain, although the scale of the problems to which they are applied may change.  In other words, the users for many of tools and technologies may no longer be solely the RTO, but the market participants, themselves.





For example, the RTO will not perform unit commitment.  Instead, market participants will bargain among themselves and submit schedules to the RTO.  Development of these schedules may, in turn, involve unit commitment decisions that are made by or on behalf of subsets of the generation system. As noted, the minimum ISO design philosophy is consistent with the emergence of multiple, private pooling arrangements (akin to maximum ISO) within the RTO.  Similarly, the RTO, itself, will not have need for transmission planning tools, but those parties that assume or are charged with responsibility for building transmission will need these tools.





The RTO retains ultimate responsible for system security.  Hence, all the tools identified in earlier scenarios will remain relevant.  Depending on the regional scope of the RTO, the measurement, communication, and computational requirements of these tools may be similar to than that faced under the Maximum ISO scenario.





A key difference from the Maximum ISO scenario is reliance on the market to self-provide many reliability services.  Accordingly, a core responsibility of the RTO in this scenario is to convey information on system conditions efficiently and accurately over several time horizons in order to guide market participants toward feasible solutions.  This can range from a solved power flow in the very short-term to information in near-real time following system disturbances (e.g., frequency).





The requirement for timely and accurate information provision will place even greater requirements on computational and communication techniques and technologies needed by the RTO.  Information management between the RTO and the market will be a critical RD&D need.





Because the RTO will have even less information on which of the many feasible market outcomes is most likely to occur (than will the Maximum ISO on its single internally-calculated, optimal market outcomes), greater demands are placed on contingency analysis.  Here, the contingencies do not derives solely from un-predictable physical events but instead from un-predictable market events (some of which may be infeasible, but also possibly an even greater class of events, which may be highly volatile or even unstable).  This need will be supplemented by increased needs for market monitoring and performance verification systems.





On the market-side, as with the previous scenario, there is a need for financial risk management and forecasting tools and techniques that can account for the unique features of electrical networks and power system operation.  There will also be a need for systems that support the development and operation of innovative private markets (e.g., scheduling tools).





Rationale for Federal RD&D





The rationale for federal RD&D in this scenario is similar to that for the second scenario.  That is, in steady-state, a system of well-designed and smoothly-functioning RTOs and market participants should have ample and powerful incentives to invest adequately to meet most of their reliability RD&D need.  However, in order to reach steady-state, substantial investments in RD&D will be required to design appropriate institutional structures and systems of incentives for these RTOs.  Again, because it will take some time before many of these institutional issues are settled, it is more likely that gaps in technology RD&D will develop, while the industry is in transition.  In this state of transition, there is a compelling rationale for federal RD&D to maintain inertia in reliability RD&D until more stable structures for supporting RD&D are created and put into place.


�
Scenario 4.  Distributed or Dispersed Energy Resources





Description





Up to this point, the scenarios we have considered have focussed on organizational and structural alternatives for the operation of the high-voltage or bulk power system.  In this final scenario, which may be thought of as one that is potentially compatible with any one of the first three scenarios, we consider a scenario that envisions greatly increased market penetration by distributed or dispersed energy resources over that observed today. The size, fuel source, or even whether the technology generates electricity (e.g., storage, or load management), is secondary in importance to the issues raised by placement of significant numbers of these technologies on the distribution system.  Hence, this scenario is offered a dramatic alternative to conventional wisdom regarding the future operation of the low-voltage, distribution power system.  Nevertheless, this scenario still assumes the presence of high-voltage bulk power system as a major source of electricity (although, it will also consider instances of islanded operation over various time-scales).





In sharp contrast to the previous scenarios in which investment is driven by system or supply-side market participants, investment in this scenario is driven by demand-side market participants.  We assume, for example, that state regulatory authorities bar investment in small-scale generation sources by distribution companies because it violates the functional separation between generation and distribution that is a fundamental tenet of restructuring.  At the same time, we assume regulation of distribution companies makes them financially indifferent to loss of load to small-scale customer- or privately-owned generators.





New business models evolve to support or facilitate decisions by power consumers, individually or as part of formally organized or externally aggregated groups, to invest in, lease, or purchase electricity from small-scale generation sources offered by non-utility parties.  Some customers/groups choose to leave the grid entirely.  Others rely on the grid to supply residual demands and as a backup source of power.  Still others operate in a dual-mode, in which separation into islanded operation can take place automatically in response to system disturbances, with automatic re-synchronization at some future time when system stability is restored.





Responsibility and incentives to provide or, rather, ensure reliability in this scenario is essentially now borne primarily by the customer.





Key Driving Forces





Greatly reduced capital costs and higher operating efficiencies for smaller-scale generating sources.  To some extent, these are being driven by developments in the automotive and defense industries (fuel cells and micro-turbines). 





Low natural gas prices, which is a primary source of fuel for many smaller-scale generating sources.





Increased customer demand for more reliable sources of power (uninterrupted power systems) and/or higher quality sources of power (e.g., custom power devices).  On the supply-side reduced power system reliability and poor power quality will also fuel these demands.





Changes in distribution company organization (divestiture from generation-owning and, possibly transmission-owning parents) and, more importantly, state regulation (e.g., fuel adjustment clauses, infrequent rate cases, or price caps), which create strong financial incentives to discourage loss of load (e.g., sales or revenues).





New, integrated energy services providers seeking to a bundle of energy-related commodities, capital goods, and services.





System Reliability RD&D





Distribution system protection philosophies (and associated relaying and breaker specifications) must be re-examined and modified to accommodate injections of power along or at the ends of radial lines.





There is a need for new methods to assessing the impacts of large numbers of distributed technologies (e.g., storage) on local area and system reliability. Conventional transmission planning models treat the entire distribution system as individual loads at substation buses, while distribution system planning models treat the transmission network as a voltage source at the substation low voltage bus. Transmission models are based on the assumption of an interconnected network but one in which all voltages, loads and impedances are balanced.   The best distribution models explicitly address unbalances, including single-phase loads, but do not allow for interconnection between circuits or adjacent substation areas.  In order to assess the impact of large numbers of distributed resources on the dynamics of a regional electric grid as well as on local service conditions during a disturbance, it will be necessary to develop methods that treat the distribution system in a consistent (if not integrated) fashion with the transmission network.  





To support the use of these models, better information on the performance characteristics of inertia-less, distributed generation resources must be made available for analysis. Many distributed technologies are fundamentally different from conventional central station generation technologies.  For instance, fuel cells and battery storage devices have no moving parts and are linked to the system through electronic interfaces. Microturbines have extremely lightweight moving parts and also use electronic system interfaces.  The dynamic performance of such inertia-less devices cannot be modeled simply as if they were scaled down central station units.  Other issues such as permissible ramp rates and reactive power capability also must be determined in order to model the behavior of these devices accurately.  Knowledge of these performance characteristics is beginning to emerge from laboratory test facilities, but may need to be supplemented by additional testing to fully characterize the impacts of these technologies on distribution system reliability.  Once obtained, performance models for individual technologies must be developed that can be incorporated into system simulation models.





There is a need for new technologies and methods/control (and communication) strategies for locally managing the operation of distributed technologies (e.g., load tracking and load-sharing) in a distribution system that contains large numbers of distributed technologies, including operation in satellite and island modes.  Decentralized (rather than centralized) dispatch methods must be explored, as it is unlikely that formal dispatch of hundreds of very small sources can be effectively coordinated through centralized approaches. 





The cost and quality of the power electronic interfaces must be lowered and improved, respectively. Most advanced distributed resource options (fuel cells, storage devices, microturbines) require power electronic inverters to interface to the power system, with the dynamic performance of the distributed resource being largely determined by the characteristics of the interface.  In many cases, the cost of currently available power electronic interfaces rivals that of the generating or storage technology, and their performance characteristics are rarely, if ever, optimized.  This is the result of using of modified commercial units that were designed originally for other purposes.  Advanced inverter topologies that can be easily cost- and performance-optimized by manufacturers for the specific requirements of distributed technologies are necessary, along with better definition of performance characteristics needed to ensure desirable dynamic response. Considerable work is underway in support of transportation and other high volume applications of power electronics.  Large scale procurement of these devices by other industries may well bring costs down, allowing them to form the basis for a new generation of advanced distributed technology inverters with characteristics that can be specifically tailored.





The potential role of distributed generating technologies as custom power devices to enhance customer power quality must be examined. Embedded in the recognition that power electronic interfaces represent a key enabling technology for distributed technologies, is a more subtle, but equally powerful, recognition that these interfaces can also be used as custom power devices to enhance customer power quality.  Establishing this linkage should increase consumer interest in distributed generation technologies.





Develop new methods and technologies to enhance demand-side response. Recent studies also suggest increasing demand-side response (i.e. price elasticity) is an effective tool for mitigating supply-side market power in generation markets.  However, with the exception of load management and time of use pricing, there has been limited appreciation of the role of demand-side resources in enhancing system reliability.  Some of the reasons are regulatory (customers cannot yet see a price for reliability-related services), however, some of the reasons are technological (the ability of demand-side resources to provide reliability services has not yet been explored).  Work must be done to better understand the short-time interval load characteristics and controllability of demand-side resources in order to determine whether it is possible, and if so, to what extent they can be relied on to enhance system reliability.





Rationale for Federal RD&D





The rationale for federal RD&D investments under this scenario must take account of the dramatic improvements in small-scale generation technologies that are derivative of RD&D investments having been made in other industries and of the consumer-led decisions that are currently fueling their deployment.





However, from a reliability RD&D perspective, there remain compelling rationales for federal investments.  First and foremost, current utility regulation creates powerful incentives to discourage customers from leaving the system.  There is a need for public interest RD&D to overcome the huge informational advantages that distribution utilities have when it comes to assessing and determining the system-wide benefits (and costs) provided by increased penetration of smaller scale sources of generation by customers. For example, in the face of these dis-incentives, distribution utilities will not pursue RD&D that would create the technologies and systems needed to accommodate greater numbers of these systems.  Those would do have these incentives, private developers and customers, will not be able to obtain the information needed to determine these benefits (and develop these technologies) independently.


�
Key Uncertainties for the Scenarios





For each of the four scenarios, we have identified the driving forces, which we believe would tend to lead toward one scenario versus the others (although, as noted, the fourth scenario, is to some extent compatible with all of the first three scenarios).  In this section, we consider, in a preliminary fashion, the potential effects of other driving forces, which were not considered explicitly in the development of the scenarios.  We expect that consideration of these additional driving forces will tend to tip the balance toward one scenario versus another.  However, it is also important to understand the ways that they might shape, but not fundamentally change, individual scenarios.





The point of considering additional driving forces is that they represent potentially large, un-accounted for uncertainties that could dramatically influence the scenarios.  We are concerned here primarily with the consequences they may have on the system reliability RD&D needs identified in the previous sections.  The analysis in this section, then, is best thought of a reality check on our preliminary findings.





While a complete examination and thorough treatment of uncertainty is beyond the scope of this white paper, we consider four key uncertainties that we believe are especially significant for the scenarios:


A global treaty limiting emissions of greenhouse gasses;


Greatly increased growth in the demand for electric services;


Dramatic consolidation among market participants;


Malicious cyber attacks on communication and computer networks relied for power system operations


For ease of tractability, we consider each key uncertainty separately.





Greenhouse Gas Emission Limitations





Limitations on emissions of greenhouse gasses will shift reliance on fossil fuels as fuel source for electricity production toward non-fossil fuels (renewables, and nuclear – although the likelihood of changes in public acceptance of nuclear power remains yet another critical unknown) and greater energy efficiency.  Coal-plants would be affected relatively more than gas-fired power-plants.  Both central station and smaller-scale power-plants that burn fossil fuels would be affected.  There are significant differences of opinion on the magnitude of the macro-economic effects that these limitations may have on the demand for electricity (save for pressure to increase energy efficiency).  





In the short-run, these restrictions would tend to increase in the price of fossil-fueled electric generation relative to other sources. Changes in the price of fossil-fueled electricity would, in turn, alter the patterns of electricity trade on the bulk power system.  In particular, the relationship between gas- and coal-fired electricity trade might change. However, given that fossil-fueled electricity generation almost always sets market prices, the overall effect would be primarily to increase the price of electricity.





In the longer run, these limitations would also lead to more expensive electricity in the form of increased reliance on cleaner electric generation technologies.





In both the long- and short-run, higher prices will tend to lower demand growth rates.


Lower demand would tend to alleviate the rate at which pressures to support increased trade would influence the operation and planning of the bulk power system.  





We believe that the net effect of these factors would be a slowing down of movement toward any one of the last three scenarios.  In other words, the final three scenarios can all be viewed as responses to pressures to change the status quo.  As indicated in our review of the driving forces for these scenarios, the economic gains from increased trade in electricity is responsible for these pressures.  Lower demand growth would dampened these pressures somewhat.





Greatly Increased Demands for Electricity





Greatly increased demands for electric services may come about for any one of a number of reasons, including a) dramatic improvements in electricity storage technologies, which increases market adoption of electric vehicles; or b) increased electrification of end-uses due to environmental considerations or health/safety restrictions.


 


The likely effect of these increases would be increased pressure for trade or additional demands on the bulk power system to move electricity from generators to consumers.  In contrast to the previous key uncertainty, these pressures will likely accelerate movement toward any one of the final three scenarios.  If movement toward the second or third scenario is stalled for other reasons (such as, political stalemates over the resolution of stranded assets), it is likely that movement toward the fourth scenario would be accelerated.  That is, if increased pressure for trade cannot be met adequately (or securely) by the bulk power system, there will be increased pressured for distributed or dispersed generation as a means of by-passing (or augmenting) supply from the bulk power network.





Rapid Consolidation Among Market Participants





Consolidation will increase the political and market power of certain firms. The effects of consolidation may be two-fold depending on the starting point for these consolidations.





On the one hand, to the extent the interests of these firms is not well-served by movement toward more open markets, they will tend to slow movement from the first scenario toward either the second or third scenario.  This may, in turn, lead customers to independently accelerate movement toward the fourth scenario, although this will likely be tempered by an inability to ensure financial neutrality for the distribution utility toward customer-driven decisions to leave the system.





On the other hand, to the extent the interests of firms is well-served by movement toward more open markets, they will tend to adopt strategies to accelerate movement toward them.  The public policy issue would then become which of the two scenarios (scenario two or scenario three) is best equipped to deal with market power.  It is difficult to answer this question in the abstract.





Cyber Attacks on Power System Market and Physical Operations





There is growing awareness of the potential for malicious attacks on the market and physical systems that support operation of the electric power system.  Responding to these threats may both influence movement toward one scenario versus another, as well as affect the priorities for RD&D within each.





For all scenarios, there would be increased interest in RD&D for critical infrastructure protection.  However, both scenarios three and four reflect designs that are inherently more robust because they are decentralized.  Scenario two would be more vulnerable in this regard than either scenarios one (because it is bigger) or three (because it involves greater centralization).








�
Summary





This white paper has outlined four scenarios for the future of U.S. electric power system and for each scenario identified key areas of needed reliability RD&D.  The white paper has also considered appropriate rationales and principles for federal funding to support these needs under each scenario.  Finally, the white paper has also considered how four key uncertainties might affect movement toward and the RD&D priorities within each of the scenarios.  In doing so, this white paper has provided an introduction to and framework within which the five following white papers in this project will examine these RD&D needs in greater detail.





In the first scenario of continued vertically integrated, but functionally unbundled utilities, we find an absence of incentives for the private sector to support any system reliability related RD&D, except that which is very short term and which can guarantee competitive advantage.  In particular, there are no incentives for investments in RD&D to increase the market-enabling capabilities of the system.  In conclusion, we find many traditional reliability RD&D needs that will no longer be undertaken by the private sector, acting alone. 





In the second and third scenarios of regional transmission operators constituted along the lines envisioned in the recent FERC NOPR, we find that many if not all traditional RD&D needs remain, but they must now be directed to support a greatly increased role for market mechanisms to manage decisions that were formerly made solely by the vertically integrated utility.  We are optimistic that, if constituted properly, RTOs will emerge with ample and powerful incentives to invest adequately in their reliability RD&D need.  However, in order to reach steady-state, we see a need for substantial investments in RD&D to design appropriate institutional structures and systems of incentives for these RTOs.  Importantly, because it will take some time before many of these institutional issues are settled, it is more likely that gaps in technology RD&D will develop, while the industry is in transition.  In this state of transition, there is a compelling rationale for federal RD&D to maintain inertia in reliability RD&D until more stable structures for supporting RD&D are created and put into place.





In the fourth scenario, we find many new RD&D needs associated with accommodating substantial amounts of small-scale generation and storage technologies on the distribution system.  Here, the role of federally funded RD&D is to advance knowledge in support of the integration of these technologies at a time when the over-riding incentive of distribution utilities is to discourage their adoption.





We considered four key uncertainties that might influence movement toward or otherwise shape aspects of the scenarios.  We find that an important influence of two of the uncertainties is on the demand for electricity; greater demand tends to increase the likelihood of all scenarios but the first; lower demands tends to dampen movement away from the first.  The effect of the third uncertainty, consolidation among market participants, depends on the extent to which their near-term interests are served by the current situation (scenario one) or by more open markets (the second and third scenarios). The effect of the fourth uncertainty, malicious cyber attacks, argues for an increased emphasis on infrastructure protection in all scenarios, dampens movement toward the scenarios involving more open markets (especially the second), and increases the attractiveness of the decentralized features of the third and four scenarios.





The future will always be uncertain.  In view of these uncertainties, it is the responsibility of the federal government plan reliability RD&D investments strategically in order to capture public benefits that will otherwise be lost.  It is our hope that this white paper and the other five that have been prepared in this project will contribute positively to development of these plans.


� The original inspiration for the scenarios and much of the analysis presented in this white paper is “Underlying Technical Issues in Electricity Deregulation,” which was prepared by R. Thomas and T. Schneider as a summary of a collaborative writing exercise involving the Power Systems Engineering Research Center and the Electric Power Research Institute.


� The other five white papers are “Recent Reliability Events,” by J. Hauer and J. Dagle, Pacific Northwest National Laboratory; “Organization of Bulk Power Markets,” by B. Kirby and J. Kueck, Oak Ridge National Laboratory; “Treatment of Risk and Uncertainty,” by M. Ivey, Sandia National Laboratories; “Real Time System Control,” by G. Gross, A. Bose, C. Demarco, J. Thorp, T. Overbye, Power Systems Engineering Research Center; and “Integration of Distributed Resources” by M. Kondragunta, Edison Technologies Solutions.


� This hypothesis may be tested as distributed generation increases as a source of generation. See scenario 4.


� High-voltage DC is a form of electric energy in which flows can be controlled.  It is used for some long distance transportation of electricity.


� Note: this discussion has focussed on the operations involved in the supply of electricity; similar decisions on roughly equal time-scales also take place for many aspect of the demand for electricity (e.g., acquisition of electricity-using equipment, scheduled, and un-scheduled usage, etc.)


� Availability contracts and call options are also means for obtaining services in the mid- to very-short-term.


� Of course, the legal system is always available under either form of market operation as a forum for dispute resolution.
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