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Abstract 
The electrical power industry is facing the prospect of integrating a significant addition of 
variable generation technologies in the next several decades, primarily from wind and solar 
facilities. Overall, transmission and generation reserve levels are decreasing and power system 
infrastructure in general is aging.  To maintain grid reliability modernization and expansion of 
the power system as well as more optimized use of existing resources will be required.  
Conventional and pumped storage hydroelectric facilities can provide an increasingly significant 
contribution to power system reliability by providing energy, capacity and other ancillary 
services. However, the potential role of hydroelectric power will be affected by another 
transition that the industry currently experiences�—the evolution and expansion of electricity 
markets. This evolution to market-based acquisition of generation resources and grid 
management is taking place in a heterogeneous manner.  Some North American regions are 
moving toward full-featured markets while other regions operate without formal markets. Yet 
other U.S. regions are partially evolved. This report examines the current structure of electric 
industry acquisition of energy and ancillary services in different regions organized along 
different structures, reports on the current role of hydroelectric facilities in various regions, and 
attempts to identify features of market and scheduling areas that either promote or thwart the 
increased role that hydroelectric power can play in the future. This report is part of a larger effort 
led by the Electric Power Research Institute with purpose of examining the potential for 
hydroelectric facilities to play a greater role in balancing the grid in an era of greater penetration 
of variable renewable energy technologies. Other topics that will be addressed in this larger 
effort include industry case studies of specific conventional and hydro-electric facilities, 
systemic operating constraints on hydro-electric resources, and production cost simulations 
aimed at quantifying the increased role of hydro.
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1 The Evolving North American Electricity Industry 
Structure 

1.1 Background 
U.S. Federal Energy Regulatory Commission (FERC) Orders 888 and 889�—landmark orders 
promulgated in the mid-1990s�–initiated the impetus to fundamental restructuring of the electrical 
power system. The basic thrust of these orders was to institute �“open access�” to the transmission 
grid and to generally introduce competition into the generation of electricity. The current mixed 
organizational status of the industry is a result of the variable response to these FERC orders by 
different regions of the country and their respective stakeholders; this partially evolved state 
denotes a dynamic transition to a future in which access to formal wholesale markets could 
expand across the United States. Generally, states in the Western and Southern U.S. regions have 
maintained their status as �“rate of return�” regulated utilities with an obligation to serve customers 
within a region, where the region is more-or-less coincident with state boundaries. In contrast to 
the supply side where markets are becoming more prevalent, the demand side of the industry 
remains one in which, for the most part, retail electricity prices are established administratively 
by Public Utility Commissions in each state. 

1.2 Configuration of the North American Transmission Grid 
Figure 1-1 displays the four physical interconnections that comprise the North American 
electricity grid: the Western, Eastern, Quebec, and Texas Interconnections.  The four 
interconnections are only weakly connected with each other through a handful of HVDC stations 
(Quebec is fairly strongly connected with the eastern interconnection through DC ties). Within 
each of these major blocks the electrical grid is more tightly interconnected but differences 
between each remain. For example, the transmission system in the west is relatively sparse and 
consists of long lines connecting major generation hubs to large population centers.   The major 
transmission lines in the U.S. portion of the Western Interconnection are configured in a large 
�“circular�” network or �“loop�”, as shown in Figure 1-2.  This allows a relative handful of phase 
shifting transformers to control flows on the loop. On the other hand, the transmission system in 
the Eastern Interconnection is much denser and is more web-like in structure with no single 
dominant continuous transmission path.  The lack of transmission infrastructure along the 
sparsely populated seams of the Eastern and Western Interconnections is clearly noticeable in 
Figure 1-1.   The configuration of the transmission system is a reflection of how the power 
system evolved over time and present demand density (population) and location of generation.  
For example, most of the western states are relatively sparsely populated and provide the 
generation capacity for the large demand sink on the west coast, mostly in California. Peak load 
in California in 2005 was about 37 percent of the total WECC peak load, and relies heavily on 
imports from the northwest and desert southwest regions. The transmission system is built to 
make these large transfers possible.   
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Figure 1-1: Interconnections of the North American Electricity Grid 

 

 
Figure 1-2: Transmission System configuration in the Contiguous U.S. 

In 2006 FERC formally designated the North American Electric Reliability Corporation (NERC) 
as its Electric Reliability Organization (ERO). The colored areas in Figure 1-1 represent the 
approximate boundaries of Reliability Entities that have been established under NERC auspices 
These reliability entities have the responsibility to implement minimum electric reliability 
standards appropriate for regional grid conditions yet meet the continental reliability standards 
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set by NERC1. The basic unit of operations in North America is the Balancing Area (BA) 
operated by a Balancing Area Authority (BAA). ISOs and RTOs are typically BAAs.  BAs are 
responsible for supporting interconnection frequency under normal and contingency conditions, 
as well as managing power and energy interchange with other BAs.  Figure 1-3 displays a map 
showing the structure of NERC�’s Regional Entities and the numerous BAs within each. In recent 
years, there is a trend of consolidation of BAs in some regions of the Eastern Interconnection.  
Responsibility for generation reserves is often shared across several BAs through Reserve 
Sharing Groups.  Finally, transmission planners and transmission operators, which include RTOs 
and ISOs, are responsible for planning and operating the transmission system to maintain the 
reliability of the grid by maintaining system voltage and flows within equipment limits, under 
normal and contingency conditions.  Regional coordination among BA operators and 
transmission operators are coordinated by regional Reliability Coordinators.  

 

 

 
Figure 1-3: NERC's Regional Entities and Balancing Area Authorities2 

1.3 Three Business Models 
The exchange of electricity products occurs through various market structures that overlay 
physical and operational organization of the grid discussed in the previous section. A map 

1 �“Reliability Standards for the Bulk Electric Systems of North America.�” Available at: www.nerc.com.
2 This map is available at the NERC website:
http://www.nerc.com/fileUploads/File/AboutNERC/maps/NERC_Regions_BA.jpg
It was current as of August 1, 2007. There may have been changes, particularly in the Midwest ISO where 23
balancing authorities were replaced with one, the MISO. The SPP area will undergo a similar change in the near
future as they consolidate their ISO/RTO.



4

delineating the areas of the North American Continent governed by formal markets for 
generation resource acquisition is shown in Figure 1-4 which also distinguishes areas wherein 
bilateral transactions approaches to generation resource acquisition govern.  In this document, 
areas that operate under the bilateral transaction paradigm are referred to as Traditional 
Scheduling Areas.  Generally, formal markets operate in conjunction with an Independent 
System Operator (ISO) or Regional Transmission Organization (RTO).  The large white area in 
the southeastern United States contains the SERC and FRCC Regions which have no formal 
markets, ISOs, or RTOs. The Western Interconnection represents a mix of the two approaches 
since it contains two ISOs (the California ISO and the Alberta ISO) with formal markets, while 
the rest of the Western Interconnection functions under the bilateral transaction paradigm.  

1.3.1  ISO/RTO with Formal Markets 
The colored areas in Figure 1-4 represent the geographic coverage of independent system 
operators and regional transmission organizations. These entities manage grid operations within 
their territories and also operate markets through which energy, ancillary services, and capacity 
resources are procured.3 Seven ISOs operate at the present time in the U.S. (one of them extends 
operations into Canada) and three in Canada.  Like all Transmission Service Providers, ISOs are 
required to file Open Access Transmission Tariffs (OATTs) with the Federal Energy Regulatory 
Commission (FERC). OATTs define and implement market definitions and operations and 
specify details of accounting and settlement procedures. Market participants within these areas 
must file substantial technical and financial paperwork with the ISO, have their generation assets 
tested and approved to meet the technical engineering standards required to implement NERC 
reliability standards, and demonstrate that they are financially sound. Individual generator 
owners operating in formal markets bid their services pursuant to a financial incentive as 
opposed to an obligation to serve load. 

  
Figure 1-4: Electric Industry Business Models in North America4 

3 The ISO-NE implemented a capacity market during 2010. The purpose of this market is to send longer term price 
signals to market participants to balance longer-term supply and demand to maintain system reliability. The ISO-NE 
market was an auction-style market in which both supply and demand resources bid to receive capacity payments. 
4 Source: ISO/RTO Council. http://www.isorto.org/site/c.jhKQIZPBImE/b.2604471/k.B14E/Map.htm
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1.3.2  Pure Traditional Scheduling Area 
The SERC Reliability Corporation and the Florida Reliability Coordinating Council are both 
comprised of utilities that have more-or-less maintained the status they had before the recent 
decade of restructuring in the electricity sector. They are regulated by state public utility 
regulatory authorities as well as by FERC and have an obligation to serve the load within their 
defined territory. They schedule energy and power transactions, and coordinate operations as 
well as system expansion planning to maintain grid reliability following the same NERC criteria.  
Entities may engage in bi-lateral trades with other adjacent utilities in order to meet their 
obligations. No formal markets exist in these traditional scheduling areas. 

1.3.3  Mixed Business Model among NERC Regional Entities 
The mixed business model is characteristic of the WECC, MRO, NPCC, and RFC in that each of 
these NERC Regional Entities contains a combination of market and non-market areas within its 
boundaries. The WECC represents a mixed model due to the presence of formal markets under 
the California Independent System Operator (CAISO) and Alberta Electric System Operator 
(AESO) with the balance governed by a system very much like that in the southeast. The 
presence of formal markets in WECC, particularly the CAISO market, presents opportunities and 
obligations to generation asset owners whose assets exist outside of the CAISO borders. They 
are still used to meet load serving obligation within their Balancing Areas, but they now also can 
bid their assets into the California market.  

As the competitive business model continues to expand into or influence non-market areas, 
change will continue to take place. This variety of physical, operational and market organization 
structures makes it difficult to generalize about the methods, procedures, and effects of hydro 
generation participation now and in the future.  The same can be said for the integrating large 
amounts of variable generation capacity into the existing capacity mix. However, one 
ameliorating factor tending to simplify this otherwise complex situation is that fundamental 
economic behavior driven by cost minimization provides a common foundation that underlies the 
behavior of participants in both market and non-market segments of the industry. 

1.4 An Important Distinction Regarding Business Model Incentives 
In an environment where retail electricity prices are established through an administrative 
process and wholesale prices are not established through open markets, Balancing Authorities 
will make an effort to minimize electricity production cost (including generation under their 
direct control and transfers from other BAs) to serve the load at any given time. Accordingly, the 
entity will deploy that grouping of generation, transfers and required transmission resources that 
represents the minimum cost of meeting the load. In the electrical power industry this process is 
commonly referred to as �“economic dispatch�”. A �“stack�” of resources is created by calculating 
the cost per unit of output for various operating circumstances for each of the generating units on 
the system. This establishes a �“merit order�” based on cost per unit of output. Generating units are 
ranked from lowest to highest cost per unit output and are dispatched in successive order of 
higher cost per unit of output as load increases, and in reverse order for load decreases. 

In contrast, an owner of generation assets in a market area where wholesale prices are 
transparently established (even if retail prices remain administratively determined) will compete 
to serve some portion of the load, generally over a wider geographic area, by bidding the services 
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of its generation assets into the market, according the best advantage of the facilities under its 
ownership. Such an entity does not have the obligation to serve the load, and may, indeed, 
withhold its generation assets from service if the entity perceives economic or financial gain 
from so doing (fixed costs exceed marginal prices). Such an entity can be portrayed as a profit 
maximizing entity. The element that brings these two different structures into alignment is that, 
mathematically, cost minimization (as in the case of the monopoly operator) is a necessary 
condition for profit maximization. The market business model is somewhat more flexible and 
permits new entrants and thereby stimulates competition. 

Thus cost minimization can be achieved with both business models. Among the advantages of 
organized markets is the possibility that costs may be minimized over a larger service territory 
with a wider variety of technologies, and costs of generation possibly leading to a situation in 
which the overall cost of service in the market area is lower than it would be in a smaller 
territory. This discussion provides a significant insight into one of the important issues behind 
the current project. Namely, the value that a specific generator of a specific technology type 
provides to the grid is determined by the next best alternative generator in the merit order. 
Intrinsic features of the generator or the technology are expected to be expressed in the cost per 
unit of output or the owner�’s bid for providing services from the generator. 

1.5 NERC Electric Grid Reliability Standards  
North American Electric Reliability Corporation (NERC) reliability standards are developed and 
promulgated by the organization with input from the regional organizations and approved by the 
U.S. Federal Energy Regulatory Commission (FERC) and the Canadian Provinces. NERC�’s 
mission is to ensure the reliability of the bulk power system in North America. To achieve that 
mission, NERC develops and enforces reliability standards; annually assesses reliability 
performance; monitors the bulk power system; and educates, trains, and certifies industry 
personnel. NERC is a self-regulated organization subject to oversight by the FERC and 
governmental authorities in Canada.  

NERC grid reliability standards have evolved over time and continue to do so. At present, out of 
the 100+ approved NERC reliability standards, several address performance expectations for 
Balancing Authorities with respect to load balancing, which define regulation, load following 
and contingency reserves ancillary services. These are part of the Resource and Demand 
Balancing (BAL) subset of NERC standards for which performance monitoring is required.  Key 
performance metrics contained in the NERC BAL standards are:  

 CPS1 �– Standard for contribution of balancing area to maintaining overall frequency of 
an interconnection  (BAL-001 R1);  

 CPS2 �– Performance standard for balancing (BAL-001 R2); 

 DCS �– Standard for balancing area responsiveness to large events such as generator or 
large load tripping (BAL-002 and BAL-002-WECC).  

NERC�’s Disturbance Control Standard (DCS) ensures that BAs are able to utilize contingency 
reserves to balance resources and demand and return interconnection frequency within defined 
limits following a disturbance. This standard is applied only to supply resources and not to loss 
of load because generator failures are more common than significant losses of load and because 
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contingency reserve activation isn�’t normally necessary in loss of load situations. Control 
Performance Standard (CPS1) requires a minimum contribution of the BA to maintaining overall 
frequency of the interconnection. CPS2 is a balancing performance standard and requires 
Balancing Areas to have sufficient regulating reserves to meet the performance requirement. 
Both CPS1 and CPS2 are statistical metrics related to Area Control Error (ACE) and frequency. 

At present, NERC is considering a change to these standards with a new set of BAL standards 
(BAL-007 through Bal-011) covering the following aspects:  

 Balance of Resources and Demand; 

 Frequency and Area Control Error; 

 Actions to Return Frequency to within Frequency Trigger Limits;  

 Frequency Bias Settings, and 

 Frequency Limits. 

These new proposed standards are a major change from the existing CPS and DCS performance 
metrics that exist today. Of note, a new Balancing Authority ACE limit (BAAL) standard would 
replace CPS2 and would require entities to maintain interconnection scheduled interchange 
within a certain tolerance that changes as a function of frequency. The basic idea is that, as 
frequency deviates from the schedule (normally 60 Hz) ACE deviations in the counter-
productive direction would be more restrictive. The proposed new BAL standards are designed 
to prevent unwarranted load shedding and to prevent frequency-related cascading collapse of the 
interconnected grid. While NERC is conducting BAAL field trials in the Eastern and Western 
Interconnections, the new standards have not been formally adopted.  

Frequency response is not a standalone product in any of the ISOs in the U. S., but it is a system 
reliability requirement enforced through NERC.  Frequency response is a function of system 
inertia and fast response of loads and generators.  NERC defines frequency response5 as an 
automatic and sustained change in the power consumption or output of a device that occurs 
within 5-30 seconds of and is in a direction to oppose a change in the Interconnection frequency.  
All large generators have speed governors that provide the automated response to frequency 
changes. Frequency response performance is considered a key indicator of the general resilience 
of an interconnected system to generation loss events. Similarly, there are standards that address 
voltage regulation and black-start capability, which are considered ancillary services. Standards 
for voltage control and black start capability are not discussed in this report. 

1.6 Acquisition of Ancillary Services to Meet NERC Standards 
Ancillary services are services provided by generators, control equipment and system operators 
to support the delivery of power and energy across the grid.  Ultimately, these services are 
required to ensure that reliability and service quality comply with performance metrics 
established by NERC and other reliability organizations.  For example, a portion of the NERC 
reliability standards references performance metrics for regulation and contingency response.  

5 Frequency response or primary frequency control is the term used by Balancing Areas. The physics and 
engineering of the interconnected grid provide three sources of frequency response: i. inertia of rotating 
synchronous equipment (with some from induction motors); ii. autonomous governor response or the equivalent 
from invertors; and iii., AGC response.
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Other standards define performance requirements for voltage and reactive power (var) control.   
These metrics provide the foundation for definitions of ancillary service products.  

Balancing Authorities maneuver the output of generation resources under their control and 
acquire grid support services as needed so that the supply and demand for electricity is balanced; 
NERC performance standards must be met no matter how the particular BA is structured.  Each 
BA has rules for acquiring grid support resources that reflect the particular organizational 
structure in that area.  Market settlement time determines how often a Balancing Area can re-
optimize the output of generating resources under their control. Bi-lateral contracts are the 
mechanism through which a majority of electricity flows, even in the restructured electricity 
markets. A great deal of effort goes into attempting to determine the current and future 
relationship between the supply of, and demand for, electric energy. The more closely these two 
independent factors can be balanced in the smallest increment of time, the less need there is for 
ancillary services.  

The Schematic in Figure 1-5 indicates how the NERC reliability requirements integrate within 
the operation of an interconnected system, and are procured as ancillary services in market and 
non-market areas. 

End User
Loads

 Regulation Forecast
 VAR Requirements
 Contingency Reserves

And/orGenerators
& DR

Balancing Area

 Forecast
Errors

 AS Supplier
Deviations

For Market Areas
Markets for Regulation and
Contingency Reserves �– Bids

and Actual

For Non market Areas

Unit Commitments and
Economic Dispatch from BAA
and/or Bi lateral Agreements

NERC Reliability
Performance
Standards

 CPS1
 CPS2
 DCS

WECC Voltage Stability

Efficiency of Markets

Minimization of non
market system costs

Change in
system
reliability
and AS
cost

Figure 1-5: Integration of Balancing Standards in Market and Non-Market Areas6 

The process starts with the preparation of an ancillary services forecast of system requirements 
such as regulation, contingency reserves, voltage/var capability, etc., based on the system needs 
and the particular market product defined for each Balancing Area. In market areas, generators 
use that forecast to develop their bids and present them in the ancillary services markets.  In non-

6 This figure has been re-drawn and adapted from a figure appearing in �“Functional/Design Specification and Data 
Requirements.�” Consortium for Electric Reliability Technology Solutions (CERTS). Reliability Adequacy Tool for 
Ancillary Services, Version 0.91, April 2000. 
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market areas, operating entities take ancillary services needs into account to make unit 
commitment decisions. Any errors in the forecast or operational discrepancies between actual 
quantity delivered and bid quantity promised could impact market efficiencies, cost of energy, 
and compliance with NERC�’s system performance standards. 

Design of ancillary services products was established by FERC as a few groupings that have key 
elements in common; regional variation in design nevertheless persists due to regional 
considerations. Three functional categories of ancillary services (AS) can be identified�—
regulation (up and down), reserve products (spinning, non-spinning, replacement), and others 
(black start, voltage support).  

Regulation �– Regulation is generation capacity capable of maneuvering up and/or down within a 
short time frame (seconds to minutes) to ensure that Area Control Error (ACE) complies with 
NERC CPS2. ACE is caused by continuous fluctuations of and generation (renewables, but also 
conventional), which flow on tie lines to deviate from scheduled levels.  Regulation is deployed 
through Automatic Generation Control (AGC).   

Reserve Products �– Reserve products are generation capacity (and sometimes load) set aside to 
deal with loss of generation or transmission contingencies. Requirements for short-term 
(spinning or fast-starting) and noon-spinning reserves are established system-wide, and are 
carried by individual BAs or reserve-sharing groups.  The requirements are based on compliance 
with NERC�’s CPS1 and DCS reliability standards.   

Voltage Control and Black Start Capability �– Voltage control is a service needed to maintain 
voltages within equipment tolerances during normal as well as contingency conditions.  Voltage 
control support is provided by generators, but also by static var devices (SVC, capacitors, and 
reactors) and other voltage regulators.  Black-start capability is the ability of a generator to 
energize the grid starting from a black-out state, to initiate the sequential recovery of service.  
Black-start capable plants are fitted with small diesel generators to energize plant auxiliary 
equipment (feed-water and fuel pumps, controls, etc) without relying on the grid.   

These products generally constitute less than 2% of the equivalent energy cost of an MWh of 
load served.7 Despite their relatively small value, AS are necessary to deliver the overall quality 
and consistency of service electric customers in the United States enjoy. 

Generally, hydro generators are excellent for providing regulation and load following and can 
also provide contingency reserves depending on their operating constraints (including 
commitments in the energy market)8.  Most hydro generating facilities use synchronous 
machines, and thus are capable of providing voltage regulation.  Hydro facilities are able to 
provide black-start capability.  In most regions, however, generator-based voltage regulation 
capability is not compensated like other ancillary services.  Therefore, hydro participation with 
respect to voltage regulation will not be discussed in detail in this study.   

7 Ibid
8 Due to the flexibility and quick response capabilities of hydro. Also, cycling of thermal facilities is generally 
considered to be more costly than cycling hydro facilities.
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2 Grid Operations in Areas with Formal Markets 
The organizational and technical advances that have resulted in the present stage of evolution of 
wholesale markets for electrical energy are complex. In particular, the integration of day-ahead 
planning markets with real time markets and the use of optimization techniques to perform 
simultaneous unit scheduling and commitment of capacity, energy, ancillary services, and 
congestion are features that have increased the functioning of markets9. The integration of all 
markets and the use of constrained optimization�—referred to as security constrained unit 
commitment (SCUC)�—is becoming the norm in most organized markets but its use is not unique 
to market environments; power pools and some vertically integrated utilities have been using 
these techniques for decades. This form of system planning and pricing is much more 
complicated than the uniform price auctions that were the initial instantiation of markets best 
exemplified by the Power Exchange of the California ISO, one of the first electricity markets to 
be established in the U.S. Most formally organized market areas in the U.S. have transitioned 
from zonal to nodal systems. In zonal systems power system management software calculated 
locational marginal prices for generators within established zones whereas nodal system software 
calculates locational marginal prices for every bus (node) in the system. 

2.1 Evolution of Ancillary Service Markets in North America 
In the traditional regulated utility business model, a single load serving entity (LSE) is granted 
exclusive right to provide electricity service to customers within that territory. The cost of 
electricity represents the �“bundled�” cost of the energy and all of the services required to deliver 
the energy. In return for this exclusive right the single entity agrees to provide the service for 
prices set through a regulatory process (as opposed to retail market) and to maintain the capacity 
and energy resources to perform that function. Delivery of the service must meet certain 
standards of quality, reliability, and stability. Each regulated utility is responsible for acquiring 
and deploying the resources necessary to accomplish these objectives. Electric industry 
�“restructuring�” led to �“unbundling�” of the services required to generate and transmit electrical 
energy. In ISO/RTO areas, control of the transmission grid is relinquished to an independent 
system operator (ISO) or regional transmission operator (RTO), and markets were devised as a 
means of procuring the resources necessary to supply the demand for electric energy and to keep 
the grid in a stable and reliable operating condition. In non ISO/RTO areas control of the 
transmission system is functionally unbundled from the generation market functions by FERC 
requirement. Smooth functioning of markets necessitated clear and explicit definitions of the 
services (often referred to as products) to be traded in the markets. FERC established the basic 
ancillary services when it introduced restructuring. While the basic services are fairly uniformly 
defined across the continent there are regional differences in specific implementations. These 
differences persist today; but change in market design is resulting in emergence of a more 
consistent model, although differences will likely persist due to regional differences in systems 
and historical operating practices. As we review the different market designs in use by ISOs 
across the country and the distinct methods of resource allocation in the regulated utility cases, it 
is worthwhile bearing in mind the close relationship between profit maximization and cost 
minimization discussed earlier in this report. 

9 Ibid
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2.2 Ancillary Services Market Design10 
A series of specific market design elements were identified that make it possible to compare and 
contrast the features of the organized market areas as to how their bidding, operational, and 
settlement procedures differ, and therefore how these differences affect pricing and performance.  

Cascading Procurement �– Ancillary services have a hierarchical nature in that response time 
is inversely related with quality�—the shorter the response time the higher the quality of the AS 
product.11 This feature allows unused bids to cascade down to lower quality products where new 
bids can be entered; this effectively expands the available supply of the product. 

AS Pricing �– Virtually all markets are uniform price auctions meaning that the market is 
cleared and settled in such a way that all participants receive the marginal bid price. Some 
markets prohibit price reversal that might result from cascading procurement (New York 
Independent System Operator [NYISO]) whereas others have adapted other mechanisms to avoid 
price reversal (PJM opportunity cost adder).  

Co-Optimization �– Simultaneous clearing, dispatching, and pricing of energy supply, reserves, 
and ancillary services bids while minimizing production costs and operating reserve costs while 
enforcing multiple security constraints. Most of the ISO/RTO organizations perform joint 
optimization in at least some of the markets and a few in all of the markets. 

Constraint-based Pricing �– Bids in AS markets contain two components�—an availability 
component and an opportunity cost bid. Some markets require bidders to include opportunity 
costs in their bid (CAISO) while others add the opportunity cost as part of the SCUC solution 
based on the marginal market clearing bid (PJM). In the new CAISO SCUC system a locational 
AS clearing price is determined as a zonal rather than nodal price reflecting the fact that a 
contingency may occur in a zone but it isn�’t possible to predict exactly where in the zone that 
contingency will occur.  

Bid Submission - The process of bid submission varies from one ISO to another with most, 
but not all, markets using one bid submission for each market.  

Number of markets/settlements �– Here again there is significant variation among the 
different markets with most using multiple markets and settlements. Most ISOs use day-ahead 
(DA) and real-time (RT) as categories. Four ISOs�—CAISO, ERCOT (Electric Reliability 
Council of Texas), Midwest Independent System Operator, Inc. (MISO), and NYISO�—use 
specific AS markets. PJM uses a RT market for procuring AS. The Independent System Operator 
- New England (ISO-NE) has a 30-minute forward reserve product in the day-ahead (DA) 
market.  

10 This section relies significantly on Isemonger, Alan G., �“The Evolving Design of RTO Ancillary Service   
Markets,�” Energy Policy, 37 (2009) 150-157.

11 While this is true for most generators it is not true for energy limited storage, many responsive loads, and some 
emissions limited generation. These resources cannot be successfully included in ancillary service and energy co-
optimization.
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Intertie Provision of ASs �– This criterion makes it clear that markets are structured to address 
topological issues of the system. For example, one unique aspect of the California situation is 
that some of the CAISO reserves can be held in a neighboring control area with generator owners 
having the capability to bid these reserves into the CAISO market where they clear just as 
internal reserves. If there is need to dispatch these reserves they are called from the neighboring 
control area. Another unique aspect is that certain units outside the CAISO market area are 
attached to dynamically scheduled interties allowing these generation resources external to the 
CAISO footprint to provide regulation and five-minute imbalance energy.  

Cost Allocation �– Most ISOs allocate the cost of providing reserves and regulation to the load 
based on load ratio share. This is recognized as somewhat inefficient because, for regulation, a 
volatile load imposes greater costs on the system than an equivalent quantity of a stable load. In 
the opinion of some researchers, cost allocation should be based on the principle of cost 
causation.12 

Scarcity Pricing  
Scarcity pricing is currently used only in the ISO markets that have integrated systems in which 
prices are determined in all markets simultaneously within the optimizations. It can be used in 
segregated markets but requires separate rules for each market. Scarcity pricing allows shortages 
in the energy markets to roll over to the AS markets with prices increasing as it solves. 

2.2.1  Handling of Ancillary Services Products in Market Areas  

Regulation  
The regulation product is defined by most ISOs as the ramp rate of a generator per minute 
typically with 5-10 minutes defining the period of time permitted for ramping to the agreed rate. 
The NYISO, PJM, and ISO-NE define a single regulation product that incorporates both up and 
down regulation that requires generators providing this product to move within a band of the 
normal operating rate, plus or minus the ramp capability (ramp rate per minute times 5 minutes). 
ERCOT and the CAISO have separate regulation products for up and down. One additional 
unique feature is the mileage payment provided by the ISO-NE. The logic is that regulation 
reserves should be compensated for quick response and the distance the power travels, thereby 
providing additional incentive to the more effective units. 

As noted, due to the physics and engineering nature of frequency response (by-product of 
inertia), ISOs in the U. S. treat frequency response as a portion of other market-acquired products 
as follows: 

PJM �– Frequency Response is acquired along with Regulation in the Market Based Regulation 
market. Resources bidding in this market must be electrically within the PJM RTO. 

12 Hirst, E. and B. Kirby, �“Allocating costs of ancillary services: contingency reserves and regulation�”, June 2003. 
Available at: http://www.consultkirby.com/ files/Tm2003-152_Allocate_Res_Reg_Cost.pdfS. Hirst, E. and B. 
Kirby, �“Creating competitive markets for ancillary services,�” Available at: 
http://www.ornl.gov/sci/btc/apps/Restructuring/con448.pdfS, p.25.



13

ERCOT �– ERCOT acquires frequency response both from its Regulation Products (up and down 
are separate) and also from its Responsive Reserve Product. 

CAISO �– Frequency Response is acquired together with the Regulation product. 

NYISO �– Frequency Response is acquired together with the Regulation Product. 

MISO �– Frequency Responsive Reserve is defined as Regulating Reserve and Spinning Reserve. 

ISONE �– Frequency Response is acquired along with the Regulation product in the market. 

AESO �– Frequency Response is acquired along with Regulating Energy.  

IESO - Frequency Responsive Reserve is provided as part of the Regulation Product wherein 
response times vary between tens of seconds to a few minutes. 

Contingency Reserves 
Technical requirements specifying the reserve product are set by a combination of reliability 
organizations such as NERC, WECC, and the ISO tariffs that are approved by FERC. The 
minimum quantity of reserves required by an ISO is specified by reliability organizations. Two 
categories of reserves are typically designated�—spinning and non-spinning reserves. The 
difference between the two is that spinning reserves are already synchronized to the grid and can 
be frequency responsive while non-spinning reserves are not. Reserve products are usually 
specified as the capacity that can be delivered in ten minutes.  ISO-NE, ERCOT, and NYISO 
also have a thirty-minute response reserve product. 

Comparing and Contrasting the Areas with Formal, Multilateral Markets13 
Table 2-1, which contains a summary of the market features listed and briefly described in this 
section, provides a ready comparison that distinguishes the differences among and between the 
various market areas. Appendix A contains a somewhat more detailed presentation of the NERC 
standard for grid reliability including definitions of response times and rates for standard 
ancillary services products. Appendix B contains a compilation of unique features of ancillary 
services products for each ISO and scheduling area. 

13This table is due to A.S. Isemonger who kindly granted permission for its inclusion in this report. 
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Table 2-1: Summary Table of Market Areas and Their Features 
Feature/Market ISO NE NYISO PJM MISO

ASM
ERCOT
nodal

CAISO
nodal

Cascading
Procurement

Yes Yes Yes Yes Yes Yes

Constraint
based Pricing

Yes Yes Yes Yes Yes Yes

Co optimization DA/RT DA/RT DA DA/RT DA DA/RT
AS Settlements LT/RT DA/RT DA/RT DA/RT DA/RT DA/RT
Intertie
provision

No No No No No Yes

Regulation
Products

Single Single Single Single Up/down Up/down

Reserves SP/NS/30 SP/NS/30 Supp/Sync�‡ SP/NS SP/NS* SP/NS*
AS Scarcity
Pricing

Yes Yes Likely Yes Probably
Not�†

Anticipated

AS from Load No No Yes No Yes NS only
 

Notes to Table: LT=long-term; RT=real time; DA=day-ahead; Single=single product as opposed to dual product 
with separate up and down; SP=spinning (synchronized or responsive) reserve. NS=non-spinning reserve; 30=30-
minute replacement reserve; Replacement=ERCOT has a capacity product requiring energy bid submissions. 

*ERCOT and CAISO have Residual Unit Commitment (RUC) products that are capacity payments requiring bid 
submission in other markets. 
�†ERCOT has an energy only market that has an outcome similar to scarcity pricing. 
�‡Synchronized reserves in PJM are similar to spinning reserves and are procured in RT. Supplemental reserve is 
PJM�’s only DA product. 

Table 2-1 demonstrates a great deal of similarity in the features and market characteristics that 
have been adopted by most of the ISOs. ERCOT transitioned to a nodal system from its zonal 
system on December 1, 2010. California has already implemented its Market Redesign and 
Technology Upgrade (MRTU) that transitioned from a zonal to a nodal system. California is 
further distinguished by the fact that the CAISO is the only ISO to permit AS to be provided 
from outside balancing areas. Control areas hold reserves for one another for a price, of course. 
The CAISO allows up to 50% of its spinning and non-spinning reserves to be held in 
neighboring control areas.  The CAISO is further differentiated in that certain units outside of the 
ISO�’s footprint are permitted to provide regulation via dynamically scheduled interties, rendering 
these resources effectively the same as internal resource. This complicates pricing of ancillary 
services because transmission line capacity must be reserved for delivery which means that AS 
competes with energy for the limited capacity on the line. 

All of the ISOs operate five-minute markets. What this means is market participants submit bids 
in both the day-ahead and real-time markets in five-minute increments somewhat in advance of 
the hour-ahead. All three markets are cleared: day-ahead hourly, hour-ahead hourly, and the five-
minute markets with a marginal price for each segment. The bids can be in the form of a 
schedule of MW with associated prices or could be for a single price, whatever is preferred by 
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the generator. Some five-minute markets are cleared every five minutes but settled at the hourly 
average price and output. NYISO settles each five minutes. Data indicates significantly more 
volatility of five-minute from hourly prices and from day-ahead prices as shown in Figure 2-1. 

A more extensive discussion of economic incentives provided by the variability within integrated 
energy markets can be found in a paper by Kirby and Milligan. The authors study the 
relationship between prices in the hourly and sub-hourly energy markets and find that, �“. . .if 
sufficient ramping capability is available from units on the margin of the energy market, then 
there is no additional need for a ramping service�—it is provided as a by-product of the energy 
market.�”14 

 

Figure 2-1: January 2006 Five-minute and Hourly Prices, CAISO15  

14 Kirby, B., and M. Milligan, �“Examination of Capacity and Ramping Impacts of Wind Energy on Power Systems.�” 
National Renewable Energy Laboratory Technical Report NREL/TP-500-42872. July 2009.
15 Source: �“Market Performance Report, January 2006�” California ISO, February 22, 2006.
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Additional data showing AS price fluctuations across the day for several ISOs is contained in 
Figure 2-2. Note that regulation prices remain high throughout the 24-hour day while, in general, 
spinning reserves, non-spinning reserves, and supplemental are lower in price and less expensive 
in off-peak times. Also, note that ERCOT and NYISO regulation prices are significantly higher 
than prices in the other two ISOs.  

 
Figure 2-2: Daytime-Nighttime prices for Ancillary Services in Four ISOs16 

16 The author is indebted to Brendan Kirby for providing these charts.
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3 Grid Operations in Regions Operated Without Formal 
Markets 

Two areas within the Continental U.S. operate the grid through a traditional organization 
structure based in large part on bi-lateral agreements between generation asset owners to support 
each other in the achievement of the same grid reliability standards that market areas are required 
to achieve. They do this through a hierarchical structure based on balancing areas very similar to 
those in the market areas. A difference is that in areas without formal markets the balancing 
areas are smaller and more numerous. Figure 1-4 shows the two main areas of the U.S. that 
currently have no formal markets; these are the southeast where the Florida Reliability 
Coordinating Council (FRCC) and the SERC Reliability Corporation (SERC) are the regional 
entities.  

3.1 Florida Reliability Coordinating Council  
The FRCC is the designated Reliability Coordinator for the region and performs this function 
through an agent, the Florida Power & Light investor-owned, publicly regulated electric utility in 
the state of Florida. This arrangement is a traditional bundled structure wherein the utility is the 
generation and transmission asset owner and, as the Reliability Coordinator�’s agent, is 
responsible to the FRCC for the maintenance of reliability standards as set out by the FRCC and 
ultimately by NERC.  

The FRCC Reliability Process identifies three primary functions�—the Real Time Operating 
Function, the Operations Planning Function, and the State Capacity Emergency Coordination 
Function. The RC has the responsibility and authority to perform real-time operating actions as 
necessary to maintain the reliability of the Bulk Electric System (BES) in the FRCC region, to 
perform operations planning actions as necessary to maintain reliability, and has the 
responsibility and authority to direct State Capacity Emergency Coordination actions as 
necessary to implement the FRCC generation Capacity Shortage Plan. 

3.2 The SERC Reliability Corporation 
The Southeast Reliability Corporation is a non-profit corporation responsible for promoting and 
improving the reliability, adequacy, and critical infrastructure of the bulk power supply systems 
in all or portions of sixteen central and southeastern states. SERC serves as a regional entity with 
delegated authority from NERC for the purpose of proposing and enforcing reliability standards 
in particular regions of the country by entering into delegation agreements with regional entities. 
SERC is one of eight regional entities with delegated authority from NERC; the regional entities 
and all members of NERC work to safeguard the reliability of the bulk power systems 
throughout North America.  

3.3 Ancillary Services Provision in Areas Lacking Formal Markets 
Within geographic areas in which grid reliability is managed according to traditional methods 
ancillary services must be delivered to the grid along with energy in order to achieve the required 
grid performance standards. Generation asset owners in these areas may consider such services 
as part of their general obligation to meet load with the required performance. 
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3.3.1  Regulation 
SERC �– The Southeast Reliability Council is organized traditionally and each BA would obtain 
frequency responsive reserve from resources located within its boundary area or from within the 
rest of the footprint area. 

FRCC �– The Florida Reliability Coordinating Council is also organized traditionally and would 
obtain frequency responsive reserve from within each BA or, as permitted, from outside a given 
BA but still within the footprint of the FRCC. 

3.3.2  Contingency Reserves 
Each BA is expected to meet contingency obligations based on the largest single contingency 
within the BA. This could be met through generation resources internal to the BA or entities 
within the BA could enter reserve sharing pools to combine resources in an effort to achieve 
greater efficiency. 
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4 Grid Operations in Regions with Hybrid Business Models  
The Western Electricity Coordinating Council (WECC) is the largest of the NERC regions in 
terms of square miles of geography. The WECC area, outside of CAISO and AESO, also 
contains no formal markets but, by virtue of CAISO and AESO, is somewhat of a hybrid.17As 
indicated by the map in Figure 1-1 the WECC encompasses the entire area of ten western states 
(New Mexico, Arizona, Colorado, Utah, Wyoming, California, Nevada, Idaho, Oregon, and 
Washington) and most of Montana. It also includes two Canadian provinces (Alberta and British 
Columbia), and a small portion of the Mexico�’s Baja California. Excluding California, the 
WECC area is the largest geographic area that does not have organized formal, wholesale 
markets for trading electricity. WECC is unique in that it represents a mixed business model that 
combines the features of traditional grid scheduling, via bilateral cooperation of participating 
utilities, together with centralized grid scheduling. For these reasons and also the detailed 
simulation modeling of the WECC that is being performed in this study, more detail on the 
organization and structure of WECC and the CAISO is presented. 

The California Independent System Operator (CAISO) operates the grid and formal energy 
markets serving large parts of California. Exceptions are the service territories of the Los 
Angeles Department of Water and Power, the Sacramento Municipal Utility District, and some 
other smaller municipal utilities, co-operatives, and irrigation districts. The Alberta Electric 
System Operator (AESO) in Canada also operates a formal market.18  Interesting seam issues 
result from the fact that a significant portion of the load in California is met with the use of 
generation resources from outside California�’s borders. This combined structure is labeled a 
�“mixed�” business model.  

4.1 WECC Organization  
Within the WECC, but outside most areas of California and Alberta, utilities operate on the 
traditional regulated public utility business model. They are required to serve the load, in turn for 
which they have an exclusive service territory. Retail electricity rates are regulated by public 
utility commissions, as is the generation capacity expansion plan. Day-to-day operations are 
coordinated within the utility organizations using utility-owned generation assets, but also by 
trading with neighbors and purchasing energy from Independent Power Producers. 

Outside CAISO and AESO but within the WECC19, member utilities are organized into BAAs as 
shown on the map in Error! Reference source not found. In order to meet its load responsibly 
each BAA is expected to marshal the resources it owns directly or has obtained from a Merchant 
Generator via an Interconnection Agreement the parties have signed. In addition, output from 
generation assets outside the BA can be obtained by a bilateral agreement between the entities 
concerned. Each BAA will have a control room wherein system condition data is continuously 
acquired and monitored. This includes information on all of the online generation facilities and 

17 Note that the MRO is the NERC regional entity for the Midwest ISO or MISO.
18 System resources in British Columbia and Alberta are considered part of the generation asset base in the UPLAN 
model and will be incorporated within the simulation exercises.
19 The Sacramento Municipal Utility District (SMUD) and the Los Angeles Department of Water and Power 
(LADWP) are organized as municipal utilities and are not included in the CAISO-governed territory.
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the condition of transmission facilities it controls. Generally speaking, operations at a BAA 
control room would be governed by a combination of good business practice, electrical and 
mechanical engineering protocols, protection of valuable capital equipment, NERC, FERC, and 
other reliability oversight organizations�’ standards.  

4.2 Regional Reliability Centers  
In an interconnected grid, physics and mechanical problems can occur in remote locations 
beyond the boundaries of a particular balancing authority�’s area that can have implications for 
continued stable operation of the transmission grid. Accordingly, there is need for coordination 
between balancing areas. NERC has established Reliability Coordinators as the entities with 
reliability responsibility and a broad geographic scope. In the current structure of the WECC this 
is provided by one Reliability Center with two office locations that cover the entirety of WECC 
grid operations. Either of the two offices is fully capable of performing all reliability 
coordination functions.  Operations guidelines followed in each of these offices are provided 
through a combination of NERC Policy 9 on Security Coordinator Procedures, and the WECC 
Regional Reliability Plan. Figure 3-1 displays the current Reliability Coordination Areas. 

 

Figure 3-1: Regional Reliability coordination Areas within WECC 

4.2.1  Role of Regional Reliability Centers 
The Regional Reliability Plan defines the roles and responsibilities of each of the centers and 
provides the procedures by which they must operate and establishes the standards to which they 
must operate. Basically, this plan adopts the standards established by NERC in its Security 
Process Task Force recommendations, first published in 1996 and as amended subsequently. The 
WECC Regional Reliability Plan (Plan) describes how the WECC complies with the 
recommendations contained in the NERC report. The Plan originally designated a Reliability 
Coordinator for each of the four different sub-regions of WECC but during implementation in 
1998 the Rocky Mountain and Desert Southwest Reliability Coordinators were combined. As 
stated above subsequently the three offices were reduced to two. All employees became WECC 
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employees. Facilities were moved from collocation with BAs to stand-alone facilities. The two 
centers operate as a single RC responsible for all of WECC and back each other up. 

4.3 The CAISO within WECC 
The key focus of interest for modeling purposes of the operation of the CAISO existing within 
WECC is the differences of the two independent entities and how, given these differences, they 
interact. The fundamental difference between the two areas is the difference in incentives that 
governs how the two areas function. The CAISO markets promote competition between 
generation asset owners who are therefore compensated based on value of service delivered. In 
the rest of the WECC the basis for deployment of the assets is cost of production with generation 
asset owners compensated based on cost of service delivered. Furthermore, given that California 
is supply constrained, meaning that demand or load cannot be met under certain conditions only 
with generation resources located within the CAISO footprint; asset owners outside California 
are simultaneously operating under both incentive structures. This is the explanation for why the 
CAISO�—unique among ISOs�—allows external generation asset owners to bid into their 
ancillary services markets. It�’s a matter of necessity. 

4.4 Some of the �“Seam�” Issues 

4.4.1  Contingency Reserve Tracking 
Business rules in WECC require that the G-FC Energy Product Code (NERC e-Tag) clearly 
identify the entity responsible for contingency resources associated with an energy import or 
export as either the source or sink BA. The CAISO relies on the �“unit contingent�” orNERC e-
Tag as the primary determinant for identification of any imports designated as firm energy 
without reserves; this assures that the CAISO complies with the applicable NERC and WECC 
Standards, and procures the requisite contingency reserves to maintain grid reliability. The G-FC 
Energy Product Code serves as a �“proxy�” for firm imports that do not carry reserves until CAISO 
software can be modified, tested, and deployed to use the new Contingency Reserve Tracking 
data field; this data field enables validation and proper accounting for the contingency reserves 
obligation for imports that do not carry reserves. It is possible that the software may have already 
been deployed so that this is no longer an issue. 

4.4.2  Energy Price Caps in CAISO and WECC 
On May 20, 2010 FERC issued an order initiating a proceeding to investigate the price cap in the 
WECC outside the CAISO. FERC�’s concern is aimed at eliminating the potential for market 
distortions that might arise from a difference in the energy bid caps in the two areas. The CAISO 
energy bid cap rose to $750/MWh on April 1, 2010, and will rise to $1,000/MWh on April 1, 
2011. The Current energy bid cap in the WECC spot market is $400/MWh. While it was 
acknowledged that the price caps in the two markets operate somewhat differently�—the CAISO 
cap is a �“hard�” cap and the WECC is �“soft�”. The �“soft�” cap means that market participants can 
make transactions above the cap but such transactions are subject to justification and refund. 
FERC conducted a preliminary review of the price cap in the WECC and found that it may no 
longer be just and reasonable. The Commission reiterated that California is important to trade 
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and reliability in the west and, furthermore, interdependent markets necessitate consistent caps in 
the CAISO and the rest of WECC.20 

4.5 Ancillary Services in WECC 

4.5.1  Regulation 
WECC is in the process of defining a Frequency Responsive Reserve (FRR) criterion and is 
currently collecting data to aid in development of the standard. The proposal likely will have it 
be a subset of spinning reserve and define the standard on a NERC �“category C�” event21. The 
proposal is to share the total WECC FRR obligation among the respective BAs proportional to a 
BA�’s load and generation. 

4.5.2  Contingency Reserves 
The reserve requirement for WECC is usually described as that sufficient to cover the largest 
credible event or 5 percent of the load served by hydro and wind and 7 percent of the load served 
by thermal generation, whichever is larger. The responsibility for demonstrating compliance with 
the reserve requirement is accounted for at the level of load serving entities which may include 
reserve sharing pool arrangements between two or more such entities. If reserve sharing pools 
exist it is this entity that must demonstrate compliance. Spinning reserves and non-spinning 
reserves (up to 50 percent of the reserve requirement for the latter) are eligible to be accounted 
towards the requirement. Nothing precludes individual BAs or Reserve Sharing Groups from 
carrying more Contingency Reserve than the WECC Board interpretation of the WECC Standard 
Operating Reserve. 

4.6 Southwest Power Pool 
Currently the Southwest Power Pool (SPP) is a hybrid of a type somewhat different from the 
WECC in that the SPP is in transition to a complete formal market structure; currently however, 
there is only an energy market implemented while ancillary services markets are planned for the 
future. The ancillary services market will have regulation reserves, spinning reserves, and 
supplemental reserves products. 

In the current structure each entity responsible in a BA (usually a utility) decide on which 
generation it needs to run to meet its load and provide the support services needed to meet grid 
reliability standards. This approach is similar to other areas where formal markets are not in 
effect. However, the SPP energy market does provide an additional option to acquire generation 
resources so each entity in a BA can now self-supply, purchase generation in the energy market 
or make a bi-lateral deal with another adjacent entity (utility). 

4.6.1  Regulation 
Regulation is part of the spinning reserve product; all resources providing spin must be 
synchronized and be frequency responsive. SPP currently operates with 17 BAs and does not 

20 Troutman Sanders LLP, Washington Energy Report: �“FERC Initiates an Inquiry into Spot Market Energy Price 
Caps in WECC�” June 18, 2010.

21 A NERC category C event involves a frequency below the Low Frequency Trigger Limit for more than five
minutes.
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operate any ancillary services markets. SPP has plans to operate as a single BA and establish 
ancillary services markets along with a five minute energy market. 

4.6.2  Contingency Reserves 
Spinning reserves must be synchronized and frequency responsive. Supplemental reserves must 
be capable of meeting the overall reliability performance standards and are judged to be capable 
of such by each entity responsible within each BA. 
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5 Current Contributions of Hydro22 
In order to make the claim for having increased the contribution of hydro, there is a requirement 
to document the current and recent past contribution of hydro�—to provide a benchmark for what 
that contribution has been. That is the focus of this section. This section also presupposes the 
establishment of some metric or metrics that define what is meant by the contribution of hydro. 
Does this phrase refer to the amount of energy generated by hydro? Does it refer to the amount 
of different ancillary service products provided by hydro? Does it refer to the profitability that 
hydro owners obtain from their asset? Or does it refer to some other metric not mentioned? 
These questions will be addressed in the next section. 

5.1 National Metrics Reflecting Use of Hydro Facilities 
Reference to Energy Information Administration (EIA) historical data indicates that, in aggregate 
for the contiguous 48 states, hydro-electric facilities produced 5.9% of total net generation23 
(MWh). Net summer capacity of the hydro-electric facilities that produced this quantity of net 
generation was approximately 9.9% of net summer installed capacity (MW) of the electric 
system of the contiguous 48 states.24. These data further show that the net generation contributed 
by pumped storage was a negative 6.3 million MWh. Net generation data for the year 2009 
shows that hydro contributed approximately 10% of that for all generation technologies.25 

Regional data shows that the relative importance of hydro facilities varies from region to region. 
Hydro provides the largest percentage of total net generation in the WECC. This is due largely to 
the numerous and very large hydro facilities on the Columbia River in the Pacific Northwest. For 
many years electricity from these facilities has been so cheap that a preponderance of electricity 
consumers in Seattle and Portland utilize electricity to provide space heating. Other regions 
where hydro is important include the Middle Atlantic and the Mountain region. 

Net generation data are published by the EIA for all U.S. generation facilities; one of the 
variables collected for generation facilities is the NERC region in which the plant is located. This 
data has been sorted in order to identify the hydro (conventional and pumped storage) facilities, 
NERC region, and net generation for 2008. These data are shown in Table 3-1.Using the NERC 
region and plant name combination, hydro nameplate capacity data was extracted from another 
EIA data file for 2008. Net Generation and nameplate capacity data for conventional hydro are 
displayed for each NERC region. Using this historical data and assuming that hydro capacity has 
a 100% availability factor and a conventional hydro annual capacity factor for each region has 

22 In this report any reference to hydro-electric energy includes both conventional hydro (impoundment and run-of-
river) and pumped storage unless a specific modifier is used to refer to one or the other.

23 Net generation is the algebraic sum of gross generation minus plant use. For pumped storage hydro, pumping is 
considered plant use. Net summer capability is the steady hourly output which generating equipment is expected 
to supply to system load exclusive of auxiliary power as demonstrated by tests at the time of summer peak 
demand.

24 The Energy Information Administration�’s (EIA) �“Electric Power Annual�” is the source for the aggregate figures 
referenced in this section. This report is available at http://www.eia.gov/cneaf/electricity/epa/epa_sum.html#one.

25 Generation by prime mover, fuel type, and much more is available at: 
http://www.eia.doe.gov/cneaf/electricity/page/eia906_920.html
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been calculated. This could be interpreted as a potential upper bound estimate of the capacity 
factor. It is an upper bound estimate because of the likelihood that hydroelectric capacity does 
not, in fact, have a 100% availability factor. Hydro plants operate under significant legal and 
regulatory constraints and thus are unlikely to be 100% available. Note that the WECC contains 
by far the largest amount of capacity, and obtains the largest quantity of net generation from its 
hydro facilities as compared with all the other areas. However, it ranks third in terms of the 
capacity factor obtained from hydro facility operations. It is noteworthy that the NPCC achieves 
such a high capacity factor. It is noteworthy that for the WECC area, conventional hydro 
accounts for 23.6% of total nameplate generation capacity. 

Table 3-1: Conventional Hydro Capacity, Net 
Generation, and Capacity Factor by NERC Region 

NERC
Region

Nameplate
Capacity
(MW)

Net
Generation
000 (MWh)

Capacity
Factor

WECC 49,359.3 167,599 38.8
SERC 13,001.0 24,456 21.5
NPCC 6,548.7 35,990 62.7
MRO 3,224.4 7,123 25.2
RFC 2,842.6 8,684 34.8
SPP 2030.2 8,565 48.2
TRE 493.2 694 16.1
FRCC 85.7 206 27.5

 

 

Table 3-2 displays similar data for pumped storage plants by region. This table does not contain 
a capacity factor calculation for these plants because it is more difficult to calculate pumped 
storage facility utilization. Net generation for the NPCC, RFC, and SERC regions was negative, 
while SPP and WECC had slightly positive net generation for their pumped storage facilities. 
This indicates that some SPP and WECC pumped storage facilities also have significant water 
inflows (rivers) feeding the reservoirs so they may not be purely pumped storage facilities. 

Table 3-2: Nameplate Capacity of Pumped Storage Facilities by NERC Region 

NERC
Region

Nameplate
Capacity
(MW)

WECC 4,369.2
SERC 8,369.0
NPCC 2,811.0
MRO 0.0
RFC 3948.1
SPP 449.4
TRE 0.0
FRCC 0.0
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The United States Bureau of Reclamation (USBR) operates sixty federal dams in the Rocky 
Mountain west, California, and Pacific Northwest. Data for these sixty facilities indicate that 
approximately half of them have been used in the past to provide spinning and non-spinning 
reserve, replacement reserve, and regulation or load following. More than half have been used to 
provide black start, and most have provided voltage support in the past. Unfortunately data is not 
available to determine how much any of these facilities have been used to provide these ancillary 
services.26 USBR also publishes rolling ten-year net generation data for each of its sixty facilities 
all located within the footprint of the WECC. These data have been compiled and for the period 
1999-2009, the most recent period for which the data is available. The ten-year average net 
generation for all of these facilities is 57.4 million MWh. 

5.2 Hydro Contributions to Generation by ISO/RTO 
The ISO/RTO organizations have combined to produce a report reflecting the results of their 
operations over the past five years, 2005-2009. That report was issued in response to a review 
undertaken by the U.S. Government Accountability Office (GAO) in 2008. The GAO 
recommended that FERC work with ISOs/RTOs, stakeholders and other interested parties to 
standardize measures that track the performance of ISO/RTO operations and markets and report 
the performance results to the Congress and the public. A variety of metrics are included in the 
report. Of pertinence to this project is the reporting of hydro generation by ISO over the five-
year time horizon of the report. Figures 5-1 through 5-7 in this section are taken from that 
report.27 The charts make it clear that hydroelectric generation varies significantly, not only by 
ISO but also across time for a given ISO. 

 

 
Figure 5-1: California ISO Hydroelectric Megawatt Hours as a Percentage of Total Energy 

2005-2009 

26 Bureau of Reclamation data is available at: http://www.usbr.gov/ The date are shown in a table to be found in 
Appendix B at the end of this report.
27 �“2010 ISO/RTO Metrics Report.�” Produced collaboratively by the CAISO, ISO-NE, MISO, NYISO, PJM 
Interconnection, and SPP. December 7, 2010.  Available at: http://www.isorto.org/atf/cf/%7B5B4E85C6-7EAC-
40A0-8DC3-003829518EBD%7D/2010%20ISO-RTO%20Metrics%20Report.pdf
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Figure 5-2: ISO-NE Hydroelectric Energy Produced as a Percentage of Total Energy 

Produced, 2005-2009 

 

 
Figure 5-3: Midwest ISO Hydroelectric Megawatts as a Percentage of Total Capacity 2005-

2009 

The NYISO hydroelectric chart includes renewables generation mostly from wind. In order to 
properly interpret the chart the growth of wind generation is included. 

 
Figure 5-4: NYISO Hydroelectric Renewables Megawatt Hours as a Percentage of Total 

Energy 2005-2009 
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Figure 5-5: NYISO Non-Hydroelectric Renewable Megawatt Hours as a Percentage of 
Total Energy 2005-2009 

 
Figure 5-6: PJM Hydroelectric Megawatt Hours as a Percentage of total Energy 2005-2009 

 

 
Figure 5-7: SPP Hydroelectric Megawatt Hours as a Percentage of Total Energy 2005-

2009 
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5.2.1  What is the Full Value Contribution of Hydro? 
Examining the historical data leads to the conclusion that hydro facilities represent about ten 
percent of electric generating capacity and produce about ten percent of net generation in the 
U.S. By one criterion it could be concluded that hydro facilities have contributed to generation in 
proportion to their capacity. Furthermore, one could conclude that hydro operators have, in the 
past, operated their hydro and other generation assets according to criteria that served the needs 
and requirements of the time. However, acknowledging that the electric power business 
environment is changing, is it possible that hydro facilities might produce more value by 
changing the mode of operation to take advantage of some of the major changes that have 
already taken place and others that are currently evolving? Noteworthy changes are introduction 
of wholesale electric power markets and the introduction of new generation technologies with 
characteristics that potentially increase the value of features of hydro facilities. The potential for 
increasing the value contribution of hydro may be there but demonstrating this potential requires 
data and careful analysis. And it requires these in the context of each facility and possibly in the 
context of facilities that are related to it either through the grid system or through a watershed. 
Examination of a case study will make this clearer. 

5.3 Hydro Contributions to Ancillary Services 
Aggregate national data covering all regions of the country do not provide sufficient detail to 
demonstrate objectively the contributions that hydro facilities make to meeting requirements for 
ancillary services. The Bureau of Reclamation binary data shown in Appendix B do demonstrate 
objectively that many of the hydro facilities within their system in the western U.S. have been 
used in the past to provide all of the various ancillary services. Thus, the potential for greater 
participation by hydro in ancillary services provision is certainly evident. The case studies below 
demonstrate further that there is potential for increasing the revenues hydro facilities can receive 
by adjusting their operation to recognize the varying time-value of kilowatt hours of electricity. 
It�’s quite likely that case studies being conducted by others on the project team will also 
demonstrate the potential to increase revenue streams to hydro by more optimal management. 
Thus it should be possible to generalize from this evidence the potential for nation-wide 
improvement in the contributions from and revenues to hydro facilities. 

Provision of ancillary services requires power plants to possess a certain degree of dynamic 
flexibility. Some generation technologies possess this dynamic flexibility but, for fossil plants in 
particular, they must be operated below their design-rated capacity in order to have the room to 
increase output. This may result in inefficient operation, waste of fuel, and increased pollution. 
Hydro facilities are the most efficient source of ancillary services because of their good dynamic 
flexibility and may earn a substantial profit if ancillary services are purchased in a competitive 
market. For hydro facilities the direct cost of energy generation is close to zero. But the amount 
of water that can be used for generation is limited for conventional and pumped storage hydro 
plants; thus generation bids for hydro must be based on the opportunity cost of water usage 
which depends on particular parameters of the hydro project including generation and ancillary 
services production capability, flow and reservoir constraints, inflow, and expectations of future 
energy and ancillary services prices. In most formal market areas energy and ancillary services 
prices are jointly determined so that the market prices for the two products are interdependent. 
Models are available to support calculation of economically optimal bids from hydro facilities 
for such markets, making it possible for and providing incentives to hydro operators to 
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participate in such markets.28 The authors apply their model to realistic situations and find that 
participation in ancillary services markets can increase or decrease the water opportunity cost 
(shadow price) depending on water availability. However, hydro units with water availability 
translating to a capacity factor of 0.6 increases the value of existing generating capacity by 25% 
and nearly double the value of incremental generating capacity. 

5.4 Case Studies of Glen Canyon Dam 

5.4.1  Bureau of Reclamation Study 
A USBR study of Glen Canyon Dam shows the potential gain from pursuing different operating 
regimes. 29  This study utilized detailed reservoir data for the Glen Canyon Dam to construct a 
�“representative water year focusing on a short-run analysis approach.�” The representative water 
year included monthly releases of water from the dam and end-of-month reservoir elevations.  

Harpman examines two regimes for operating the dam, one in which strict adherence is 
maintained to hourly ramp rates, flow minima and maxima, and the daily change in flow; the 
other regime adapts the dam operations to changing demand for and price of electricity, yet 
results in the same amount of water released and energy generated during the year. In short, this 
study examines the difference in outcomes due to alternative options governing the timing of 
water releases for energy generation. Under the restricted operations case, more energy is 
generated during off-peak periods, and under the adaptive management regime, more energy is 
generated during peak demand periods. The difference in value of the energy sold under the two 
regimes amounts to over $5 million dollars over the course of the year simulated, based on 
energy prices as shown on the NYMEX energy commodity market. This incremental revenue 
represents an approximately 6.7 percent increase over the �“historical�” revenue the plant would 
generate employing the base case operating regime. 

The possibility that repeated ramping of the turbine-generator sets, as required in a load 
following operating regime, leads to increased wear and tear and therefore maintenance costs 
were not examined in this study.  The author mentions that differential costs of the evaluated 
operating regimes examined are substantially mitigated by the assumption that each strategy 
results in the same quantity of water released and the same physical quantity of electric power to 
be produced over a period of time. The only variation in either of these two simulations 
concerned the timing of releases of water and electrical power production. The flow regime 
tested against the base case fluctuated in response to energy prices but did not specifically 
address the provision of ancillary services to the market. 

28 See for example, Perekhodtsev, Dimitri and Lester Lave, �“Efficient Bidding for Hydro Power Plants in Markets 
for Energy and Ancillary Services.�” Center for Energy and Environmental Policy Research, Sloan School of 
Management, MIT. June 2006.

29 Harpman, David A., �“Glen Canyon Dam, Colorado River Storage Project, Arizona: The short-Run Economic Cost 
of Environmental constraints on Hydropower Operations.�” Report Number EC-97-02. U.S. Bureau of 
Reclamation, Policy Analysis Office, Denver, Colorado. Available at: 
http://mysite.du.edu/~dharpman/glenpage2.htmhttp://mysite.du.edu/~dharpman/glenpage2.htm
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5.4.2  Argonne National Laboratory Study 

Context of the Study  
A more recent study of Glen Canyon Dam using a more detailed, longer-term data series reached 
similar general conclusions as the study described above.30 This more recent study documented 
the financial results of actual, but nevertheless experimental releases of water from the reservoir 
that took place over the course of the years 1997-2005. These releases were scheduled to support 
scientific investigations of the effects of the releases on various environmental criteria 
downstream from the Glen Canyon Dam. This study, therefore, was based on the actual results of 
operation of the dam according to five different regimes designed to address non-power, non-
market objectives. The authors then compared the actual revenues from sales of electric power 
attributable to each of these operating regimes to the actual power production revenues during 
the time it was operated in a financially more optimal mode prior to the year 1996.  

The following experimental releases were actually carried out at the dam during 1997-2005: 

 Non-Native Fish Suppression Flow 

 Habitat Maintenance Flow 

 Low Summer Steady Flow 

 Aerial Photography Steady Flow 

 Beach/Habitat-building Flow 

The definitions of these experiments are fairly self-explanatory. Financial impacts were 
computed as the difference in the value of Glen Canyon Dam energy production between two 
simulated operating scenarios as follows: 

 A �“Baseline�” Scenario that assumed compliance with Record of Decision (ROD) 
operating criteria including the experimental releases that actually took place during the 
study period;31 

 A �“Without Experiments�” scenario that assumed ROD operating criteria but that no 
experimental releases took place. 

Ancillary Services 
This study demonstrates that hydro facilities can be used to provide ancillary services even in the 
presence of operating constraints. Study authors decided that the Glen Canyon Dam would 
provide regulation and spinning reserves during the �“Without Experiments�” and the �“Baseline�” 
scenarios except that during experimental releases it was assumed that another facility provided 
these services. The authors state that Glen Canyon Dam is well-suited to providing regulation 

30 Veselka, T. D., et al �“Financial Analysis of Experimental Releases Conducted at Glen Canyon Dam during Water 
Years 1997 through 2005�”. Western Area Power Administration, April 2010. 

31 The Record of Decision refers to the decision of the Interior Department Secretary in 1996 regarding future 
operations of the Glen Canyon Dam. He announced that the facility would be operated under minimum low 
fluctuating flows which were given specificity in the form of minimum and maximum periodic releases and 
release ramp rates.
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because one of its turbines is always on-line and any sudden decreases in load will not reduce 
generation below technical or regulatory minima. Glen Canyon Dam can provide regulation 
down service at zero opportunity cost so long as the release rate is greater than the minimum 
release rate. The authors of the study assume the provision of a 40 MW level of regulation down 
service because the ROD minimum flow requirement is always significantly greater than 40 
MW. 

To provide regulation up service, the dam and power plant must be operating below maximum 
capability in order to respond rapidly to need for increased generation. For the Glen Canyon 
Dam the authors calculate a 200 MW capability to provide regulation up service without 
incurring opportunity cost. Based on conversations with the Western Area Power Administration 
who markets the power from the Glen Canyon Dam, a regulation up and down commitment of 
40 MW can be provided. 

The authors also assume that the Glen Canyon Dam provides spinning reserves where the service 
requirement in the facility must be synchronized to the system and ready to take immediate load 
within ten minutes and run for at least two hours. Again, based on personal communications with 
the staff of WAPA, a spinning reserve level of 80 MW can be provided by the Glen Canyon 
Dam. This assumption is reasonable as reported by the authors because under most hydrologic 
conditions the exception criteria spelled out in the ROD permit this level of service to be 
provided at little or no opportunity cost. In other words, the ROD release regulations require that 
the power plant at Glen Canyon Dam be operated significantly below its physical capability. 

5.4.3  Financial Results of Simulations 
The authors provide a summary table showing the changes in revenues from the sale of 
electricity for the �“Baseline�” scenario (�“with experiments�”) normalized against the sales of 
electricity in the �“without experiments�” case for each of the water years (October 1- September 
30) from 1997 to 2005. The cost of the experiments in terms of reduced revenues from electricity 
sales was $11.9 million in nominal terms over the nine year study period. The authors observe 
that, for the most part, the difference in revenues between the two cases has mainly to do with 
the timing of sales of electricity. Adhering to experimental flows resulted in the generation of 
relatively more electricity when its price was comparatively low�—shifting sales from peak 
periods to off-peak periods. This is the same general conclusion reached in the Bureau of 
Reclamation study reported above. 

5.5 Observations on the Studies 
These two case studies provide a clear indication that there is an optimal strategy for operating a 
hydroelectric facility. Both of the studies examined a specific facility within a system of 
interconnected hydroelectric facilities and took care to model the system configuration and the 
extent of their mutual interdependence. However, optimality can only be judged in relationship 
to some specific goal. Both studies referenced a financially optimal strategy in which the facility 
was assumed to be operated to generate the largest monetary revenue. That is one objective and 
is the one that a private operator would likely employ for operation of the facility. But is this the 
best objective? 
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Many of the hydroelectric facilities, particularly those in the western states within the footprint 
of the WECC, were built with multiple objectives in mind. To the extent that benefit-cost studies 
were performed to justify the dams, such studies were as inclusive of as many �“values�” as could 
be included among the benefits of the facilities. Primary purposes for building these facilities 
were typically irrigation and flood control together with power production and recreational 
values leading to the conclusion that these were indeed multi-purpose facilities. From this 
perspective it�’s not surprising that operating regimes for the facilities have sacrificed in favor of 
a broader range of �“values�”.32 

That many of these �“values�” are not traded in markets and therefore do not have market-
determined prices attached to them doesn�’t necessarily make them less valuable than �“values�” 
(electricity) that do have market-determined prices. While the financially optimal strategy for a 
private operator (if such an entity were to operate the Glen Canyon Dam) might be to pursue the 
�“without experiments�” strategy, for a publicly-owned facility sacrificing $11.9 million over the 
course of nine years to achieve other objectives might possibly be economically optimal.  

Another perspective on hydroelectric facilities is that at the same time that electricity prices are 
reflecting growing demand against a slower growing capacity, the value of water is also 
increasing, particularly, but not exclusively in the arid, mountain west. This reflects the 
competition for water among its many uses. 

Finally, several more minor points about the studies are worth noting, particularly in the context 
of the use of hydro facilities in a more flexible operational context. Both studies did not actually 
examine the (possibly) increased costs of maintenance and operation that may result from 
cycling the turbine-generator sets in the manner of load following and provision of ancillary 
services. While inclusion of such costs is unlikely to significantly alter the optimal financial 
strategy it would be likely to alter the net returns from such a strategy. 

Neither study optimized the supply of energy and ancillary services within the physical 
capabilities of the plants. 

32 A large and growing literature in resource and environmental economics deals with methods of valuing non-
market resources including �“option�” and �“existence�” values that include the value of the option to use the resource 
in the future and the value of knowing that the resource exists.
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6 Increasing the Value Contribution of Hydro 
Several recent studies have investigated high penetrations of renewable generation 
technologies�—mostly wind turbines�—and have analyzed strategies for offsetting the increase in 
net-load variability and uncertainty that this would introduce into reliability management of the 
interconnected electrical grid. The link between renewable energy technologies (primarily wind 
and solar) and hydro facilities and operations is the possible capability of hydro facilities to cycle 
in such a way as to offset the increase in net-load variability and uncertainty that results with 
high wind and solar generation penetration. The assumption is that hydro facilities would be able 
to provide a more valued service to the grid than the manner in which they have historically been 
used and that hydro facilities would, accordingly, be compensated more for this service. Further, 
greater compensation, should it occur, would then provide the economic impetus for more hydro 
facilities to be developed.  

This is a matter of great concern to the industry and these investigations provide some insight 
into the capability and potential of hydro to increase the value of its contribution to generation 
and ancillary services markets and possibly to increased revenue flows as a result. Two key 
studies, both commissioned by the Department of Energy (DOE) through the National 
Renewable Energy Laboratory (NREL), have focused on integration of significant new wind 
electrical generation capacity. The first of these studies focused on the Eastern Interconnection 
while the latter focused on a major portion of the Western Interconnection. The Eastern 
Interconnection study was initiated first and, at that time, was the first of its kind in terms of 
scope, scale, and process. The Western Interconnection study was initiated somewhat later and 
both studies released findings and reports during 2010.33 

6.1 The Eastern Wind Integration and Transmission Study (EWITS)34 
The study utilized meso scale atmospheric modeling to generate ten minute wind speeds at wind 
turbine hub height on a 2kM grid spacing for most of the U.S. portion of the Eastern 
Interconnection.35  Wind speed data was converted to ten minute time series of potential wind 
plant MW output. Sites constituting a total of 700 GW of wind energy capacity in the eastern 
U.S. were selected for analysis within the wind integration study. These sites were identified 
using high spatial and temporal resolution meteorological models and large quantities of data 
covering three historical years, 2004-2006. The time series wind data was synchronized with 
actual load data to facilitate accurate power system modeling. Three scenarios were developed 
involving 20% wind energy penetration (high capacity onshore, hybrid with offshore, and local 
with aggressive offshore); a fourth scenario involved 30% energy penetration with aggressive 
offshore and onshore sites. These scenarios were developed and sited using the information 
provided by the meso scale modeling. These scenarios/sites then became the subject of the 
remainder of the modeling process.  

33 Another study conducted by the European associations of transmission system operators with the European 
Commission is also on the scale and scope of these two studies for portions of the North American grid.
34 Eastern Wind Integration and Transmission Study: Executive Summary and Project Overview. Prepared for the 
National Renewable Energy Laboratory by EnerNex Corporation. January 2010. Both the executive summary and 
full reports can be found at: http://www.nrel.gov/wind/systemsintegration/ewits.html
35 Most of SERC was excluded because of low on shore wind resource potential.
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The study process is depicted graphically in Figure 6-1 the core of which is the production cost 
simulations that are conducted for a full future year on the assumption of hypothetical load and 
generation forecasts. 

 

 
Figure 6-1: EWITS Study Process36 

The study uses a security constrained unit commitment and economic dispatch production cost 
model to run hourly power system operational simulations using the transmission overlays 
(developed for the study) for each scenario and the wind plant outputs and actual load data for 
2004-2006. Sub-hourly variability and ancillary service requirements were included through 
statistical analysis and reserve requirements. Basically the model uses the wind generation at 
each injection point closest to the wind facility and dispatches non-wind generation for each 
market region while solving at the model node for the locational marginal price. The model first 
solves the unit commitment to determine which generation units will be used and then dispatches 
each of the units hourly according to how much generation is required to meet the load. This 
simulation is performed over the entire study region and the wind plant and load time series data 
capture geographic diversity. 

6.1.1  Key Study Findings 
In general the study concludes that all scenarios considered are technically feasible given the 
required additions to transmission capacity. Without the additional transmission capacity, wind 
curtailments would be required for all of the scenarios. Wind integration costs are manageable 
with large operating pools but would require changes to markets and tariffs. The additional 

36 Ibid, p. 18.
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transmission helps reduce the impacts of wind variability thereby also reducing integration costs, 
increases the reliability of the electrical grid and makes it possible to more efficiently use all 
generation resources, not just wind resources. While the most aggressive expansions of the grid 
add significantly to costs they are judged to make up a relatively small portion of annualized 
costs for the scenarios studied. Figure 6-2 presents a summary of the costs by scenario showing 
the major cost components for each. 

 
Figure 6-2: System Cost by Scenario and Cost Component 

6.1.2  Discussion of Study Results 
The generation expansion portion of the study did not deploy additional hydro �“. . . and hydro 
facilities as options because they were not economically competitive with the conventional 
resources under the assumptions applied to the analysis.�”37 Perhaps it is the case that hydro 
facilities�’ contributions to wind integration were not examined in more depth because the Eastern 
Interconnect simply has less hydro capacity (as a proportion of total capacity) than exists in the 
WECC. 

6.2 Western Wind and Solar Integration Study38 
The Western Wind and Solar Integration Study (WWSIS) was conducted more-or-less 
simultaneously with the EWITS, its �“sister�” study, and under very similar contractual 
arrangements. The WWSIS focused on a major portion of the WECC grid often referred to as the 
West Connect region which includes virtually all of Wyoming, Colorado, Arizona, and Nevada, 
and most of New Mexico. High penetrations of wind and solar generation were also modeled in 
the remainder of the U.S. portion of WECC. Because western weather patterns are more 
amenable to solar power this technology was also included in the WWSIS study along with wind 
energy technology. Also, because hydro facilities play a more important role in western energy 
generation, the WWSIS study included a component analysis that focused specifically on hydro 

37 Eastern Wind Integration and Transmission Study. Prepared for the National Renewable Energy Laboratory by 
EnerNex Corporation. P. 96.
38 Western Wind and Solar Integration Study. Prepared for the National Renewable Energy Laboratory by GE 
Energy. May 2010. Both the executive summary and full reports are available at: 
http://www.nrel.gov/wind/systemsintegration/wwsis.html
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operations and investigated the role that could be played by hydro assets, likely a reflection of 
the existence of a larger percentage of hydro capacity in the WECC. 

The two studies are technically similar in approach in that they both developed three years of 
high resolution wind output data that was time-synchronized with historic load data and used 
security constrained unit commitment and economic dispatch production cost modeling as a 
means of comparing scenarios. Scenarios are constructed with similar modeling procedures to 
define the wind and solar potential in particular regions. Similar assumptions about the 
operations of are made with both studies modeling sub-hourly dispatch and scheduling over a 
broad geographic area. Other differences include the modeling of both wind and solar in WWSIS 
but only wind in EWITS and more attention to the role of hydro facilities in WWSIS. A separate, 
companion study focusing strictly on the potential for hydro to assist in the integration was 
conducted. 

6.2.1  Key Findings of the Study 
A study of this scope and scale clearly will have many findings; of most pertinence to this study 
is the modeling of, observations about, and findings with respect to hydro facilities, providing 
rationale for focus on this topic. Wind forecasting was used to improve the unit commitment and 
economic dispatch of all conventional generation. Hydro facilities were assumed to meet minima 
and maxima of monthly power output levels. 

 Output patterns shift somewhat but major changes in hydro operation were avoided. A 
base case (no wind) and the wind penetration cases were compared directly; wind 
forecasts did not seem to cause significant hydro up or down ramps.  

Then the authors examined the benefits of wind forecasting for hydro scheduling. They use spot 
price duration curves for hydro for the various renewable penetration levels as compared to when 
hydro is scheduled on load alone to show that the spot prices don�’t vary that much even for the 
higher penetration levels. 

 Hydro spot prices for scheduling hydro net of wind do not vary significantly nor do they 
vary much from the spot prices for scheduling hydro on load. 

The effects of scheduling hydro before renewables was then investigated using total system 
operating costs differences as a metric; costs increase for all three penetration levels as compared 
with scheduling hydro after renewable. While differences are fairly small for the ten and 20 
percent penetration cases they climb to over $200 million for the 30% case. 

 There are advantages to use wind forecasts to improve hydro scheduling.  

A case study comparison of operations at Glen Canyon dam based on recent historical data 
shows that nameplate capacity and maximum generation are very sensitive to head behind the 
dam. These data are used to show that available capacity at Glen Canyon is currently well below 
its historical maximum due to low levels of Lake Powell. To reflect realistic constraints on hydro 
facilities simulations were run in which all hydro facilities in the model were set to generate the 
same monthly energy as in the base cases. Nameplate capacities of all plants were reduced to this 
value with the result that there was no spinning reserve support from these facilities. For each of 
these simulations, a base case compared with each of the renewable penetration cases, showed 
operating costs were higher with the �“flat�” hydro assumptions. 
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 Restricting the flexibility of hydro (no spinning reserve service) adds significantly to total 
system operating costs 

 Restricting the flexibility of hydro actually increases the value of renewables because the 
no-wind case with flat hydro results in shortages and higher use of peaking units. 

The companion study conducted further investigations to obtain a more complete picture of the 
potential hydropower role and provide a more robust foundation for the findings from the main 
study.39 A number of the questions addressed as well as the analysis methodology are directly 
pertinent to the present project. Among the most pertinent questions addressed are: 

 What is the effect of major renewable penetration on hydro operations? 

 How do the wind scenario build outs affect hydro generation dispatch? 

 What is the value of hydropower as a balancing resource? 

 What is the value of participation in wind integration to hydro asset owners? 

Three renewable penetration scenarios were investigated; as the penetration level increased very 
little change in hydro generation pattern was observed at the system level. Nevertheless, at 
certain larger hydro plants, their use increased as the penetration level increased. The use of 
hydro flexibility was found to increase at each of the two larger plants investigated in detail. The 
greatest differences in hydro operations occurred during the spring months when high winds 
occur in the west leading to full use of the storage and flexibility of hydro facilities. 

Several different scenarios for siting the renewable facilities involved different combinations of 
in-area and out-of-area locations. As more of the new renewable projects were located in remote 
regions outside of the study footprint, less of the flexibility of hydro was needed due to the lower 
variability of net load. This led to changes in operations at the plants as between different 
scenarios of build-out strategies. 

The focus among hydro advocates today is the capability of hydro to provide added value by 
acting as a counter-balance to the variability of renewable energy technologies. Simulations were 
conducted to test this proposition by severely restricting the flexibility and reserve capabilities. 
This resulted in significant increases in total production cost for the WECC thereby 
demonstrating the cost-reducing potential in the hydro facilities. A valuable insight was gained 
when comparing revenue value for hydro at the lower penetration level for the whole WECC 
system. Total revenue losses for this scenario were about $3.5 billion (revenue value declined 
due to restrictions on the flexibility of hydro), but at the higher penetration levels wind resources 
are able to provide sufficient generation such that hydro flexibility is less valuable in the system 
with the result that value losses decline as compared with the low penetration scenario. The more 
wind resources that are introduced, the lower the average cost of a MWh on the system. The 
effect on ancillary services was not addressed in the study. 

To test the proposition that hydro units could increase value by participating in wind integration 
simulations were run on the assumption that hydro served load before renewable generation was 
introduced. This required any variability introduced by renewable to be served by gas-fired units 

39 �“Western Wind and Solar Integration Study: Hydropower Analysis.�” Prepared for National Renewable Energy 
laboratory, National Wind Technology Center; prepared by Dr. Tom Acker and Mr. Carson Pete, Department of 
Mechanical Engineering, Northern Arizona University. Draft. October 2010.
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that also have the flexibility to ramp up and down but generally carry a higher production cost 
than hydro. Indeed, at the higher penetration levels particularly, total system costs increased as 
expected demonstrating the value of flexible hydro. 

The study briefly described is the broadest-scoped study of the effects of introducing significant 
additional renewable capacity into the electric grid that has been conducted to date in the U.S. It 
has the additional feature of a close examination of the effects of this investment strategy on 
hydro facilities and on how hydro can help ease the transition into this new future. While it has 
valuable insights into the role that hydro could perform, that role may be restricted by site-
specific requirements on how much hydro flexibility is actually available. Modeling 
requirements typically required general specification of operating rules for facilities and most 
models cannot deal effectively with the types of operating constraints that pertain to hydro. 
Whether hydro can play a larger role in the new grid future may depend on the willingness of 
hydro facility operators to operate their facilities to provide the maximum amount of flexibility 
to the power system.  
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7 Summary and Concluding Observations 
This report has presented a survey of the approaches to generation resource acquisition in 
practice in different regions around the U.S., including background information helpful to greater 
understanding of the approaches, their similarities and distinctions. The survey encountered a 
situation in which the organizational structure is in a state of partial transition which has been 
represented as differences in business models. The end goal of all the various procedures and 
practices for resource acquisition and grid reliability management in effect around the Country is 
common, leading to the possibility that the different approaches result in different efficiencies 
which may result in economic pressures to continue the evolution. The structure evolved during 
the writing of this report (ERCOT transitioned to a nodal from a zonal system in December 
2010) and is likely to continue to evolve, likely rendering some of this report obsolete. 

Review of the status of the transition from deliberative planning of grid reliability management 
to implementation of formal market mechanisms was generation technology independent in that 
only limited references to specific technologies was made where required by specific provisions 
(e.g., the WECC specification of contingency reserve portion based on hydro capacity). 
Nevertheless, it is understood that the focus of the project in on the current and possible future 
(increased) contribution of hydro facilities. Toward that end, effort was expended to quantify the 
current contributions of hydro by applying national metrics and data to reflect it use. It was 
found that data for this quantification effort was severely lacking except at the most aggregate 
levels. No data was found to express the contributions of all hydro facilities to ancillary services 
versus generation. Case study information did shed some light on this issue but was not the focus 
of the effort. Recent aggregated renewables integration studies on the one hand, more or less 
dismissed the role of hydro in balancing the grid, while the other limited the contribution. 
Evidence was found that many hydro units in the WECC had at some time contributed to all of 
the ancillary service categories. The author judges the evidence to suggest that the potential for 
hydro to contribute more certainly exists whether it can be realized will require changes. 

It is an inescapable fact that many of the hydro facilities that exist today, particularly those in the 
western U.S., were built as multi-purpose projects using public capital and managed by public 
authorities to serve many perceived needs including flood control, irrigation and drinking water 
supply, and recreation. Case studies examined suggested that even respecting these other uses, 
more can be obtained from hydro facilities in their electricity generating role. This is hopeful. 

In areas governed by non-market acquisition of generation resources incentives for increasing the 
role of hydro need strengthening. In planning simulation models of such areas the concept of 
minimizing the cost of system-wide total cost of meeting a hypothetical and exogenously-
specified load forecast is notional at best to entities charged with the responsibility of managing 
hydro resources. In contrast, in market areas the incentives are apparent. Data is accessible on the 
prices for energy and ancillary services of different qualities at different times of the day, week, 
month, and year. 

Markets emerge in response to perceived needs and requirements. Therefore as grid reliability 
management and markets become more sophisticated needs that previously went unidentified 
may become more evident. Thus it may be the case that flexibility in response time and ramp rate 
that appears to be an advantage of hydro facilities may become generalized enough that a market 
for flexibility or for the parameters of flexibility may arise. This has been suggested in recent 
literature.  
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Appendix A - NERC Standard Definitions of Reliability Pertinent to Ancillary Services 

Regulation 
4 secs �– 5 mins 

Balancing 
4 secs �– 5 mins 

Spinning Synchronized Reserve 
10 mins �– 105 mins 

Non-spinning, non-synchronized 
Reserve 

10 mins �– 105 mins 

Cleared in the hourly day-ahead 
market.  

Defined as the amount of AGC)-
capable reserve sufficient to 
provide normal regulating 
margin. 

QSE�’s or LSE bid a two-part bid 
price including a no-load bid and 
an energy bid in$/MWh for a 
specific amount of capacity.   

Regulation is used to correct for 
frequency response, to match 
actual interchange and 
scheduled interchange within 
required limits, and to control 
flows on transmission lines. 

For most ISOs regulation is 
supplied by resources located 
within the metered electrical 
boundaries of the ISO (except 
CAISO);  

No requirement on a BA to carry 
a set amount of regulating 
reserve; however, a BA is 
required to carry sufficient 
spinning reserve, immediately 
responsive to AGC to provide 
sufficient regulating margin to 
allow the BA to meet NERC 
control performance criteria.  

Balancing Energy Service is 
used to minimize the net 
energy deployed for system 
control and to reduce zonal 
congestion. 

 

Cleared in the hourly day-ahead 
market. 

QSEs or LSEs bid a two-part bid 
price including a no-load bid and an 
energy bid in $/MWh for a specific 
amount of capacity.   

Synchronized Reserve can be 
converted fully into energy or load 
within 10 minutes of a dispatch 
request. 

Must be provided by equipment 
electrically synchronized to the 
system. 

Synchronized Reserve and 
Regulation are jointly optimized in 
market clearing to minimize the total 
cost of supplying energy, regulation, 
and synchronized reserves. 

Resources cannot be committed for 
both synchronized and regulation 
during the same hour. 

Load following energy and non-spin 
reserves will be deployed as 
practicable and, if necessary, to 
minimize the use of the 10-minute 
reserves. 

Regulating Reserves in excess of 
requirement may be used for 
spinning reserves. 

Cleared in the hourly day-ahead 
market.  

Non-Synchronized Reserve can 
be fully converted into energy or 
load that can be delivered to or 
removed from the system within 
10 minutes of a dispatch request. 

 Can be provided by equipment 
not electrically synchronized to the 
system. 

Suppliers of generation may 
submit availability bids. 

Off -line generation resources are 
able to be loaded or Interruptible 
Load resources must be removed 
within the DCS recovery period. 

Resources that generally qualify in 
this category are currently 
shutdown hydro, pumped hydro, 
aero derivative combustion 
turbines, reciprocating engine 
plants, and interruptible demand 
resources. 

Market participants have the 
option to self-supply or to 
purchase from market. 

 



48

Regulation 
4 secs �– 5 mins 

Balancing 
4 secs �– 5 mins 

Spinning Synchronized Reserve 
10 mins �– 105 mins 

Non-spinning, non-synchronized 
Reserve 

10 mins �– 105 mins 
Dispatched through a BA�’s 
energy management system 
every 4 seconds (some entities 
allow slight deviation from 4-
second response. 

Regulation service is priced on 
the basis of the marginal bid 
adjusted for opportunity cost of 
energy that the specific resource 
might forgo if required to provide 
service. It is adjusted for 
regulation demand curves to 
ensure that the price paid is no 
greater than that indicated by the 
demand curve. 

Market participants have the 
option to self-supply or to 
purchase from market. 

 

 

Operating Reserve: Spinning 
Reserve must be fully restored within 
90 minutes from the end of the DCS 
recovery period, 15-minutes from the 
initial event. Ten-minute spinning and 
non-spinning OR must be provided 
by resources available within 10 
minutes of the contingency to restore 
the supply/ demand balance. Ten-
minute spinning OR can be offered 
by generators that are actually 
synchronized to the power grid. 

A BA must have documentation that 
it maintained at least 100% of 
minimum spinning contingency 
reserve required, based upon data 
averaged over each clock hour. The 
exception would be within the first 
105 minutes following an event 
requiring the activation of 
contingency reserves. 

Market participants have the option 
to self-supply or to purchase from 
market. 
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Appendix B - Unique Features and Definitions of Ancillary Services Products by ISO and 
Scheduling Area 

ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

PJM40 Regulation is a single 
market product supplied 
by self-scheduled 
resources or purchased 
in the regulation market; 

Regulation units must be 
prequalified and meet 
standards; 

Regulation for each 
control zone is supplied 
from resources within that 
zone. 

Regulation market 
cleared simultaneously 
with synchronized 
reserve and energy 
market. 

For hydro units having no 
energy bids a substitute 
opportunity cost is based 
on an average LMP at 
the unit bus for the 

Uses synchronized 
resources through AGC 
(automatic generator 
control) to achieve real 
power balance and meet 
NERC standard. 

 

Synchronized Market 
Clearing is a joint 
optimization between 
regulation, synchronized 
reserves, and energy 
designed to minimize 
total cost. 

Tier 1 resources are on-
line following economic 
dispatch and able to 
ramp from current output 
level, including load 
capable of reducing 
within 10 minutes. 

Tier 2 resources are 
synchronized and 
operating at a point that 
deviates from economic 
dispatch, including 
generators operating in 
condensing mode as well 
as dispatchable load with 
controls in place to 

PJM is planning to add 
the 10-minute, non-
synchronized reserves 
into the existing ancillary 
service market in 2010.   

Supplemental, 30-
minute reserves are 
cleared in a day-ahead 
scheduling reserve 
market;  

 

 

40 Scarcity pricing is implemented. Scarcity pricing is triggered when demand exceeds supply bids. Trigger is violation of minimum requirements for the AS 
region or sub-region. When scarcity pricing is triggered, prices of AS will rise automatically to the values determined by the Scarcity Reserve Demand Curves 
(Regulation up, spinning and non-spinning reserves).
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

appropriate off-peak or 
peak period. 

Regulation resources are 
offer-capped at the lesser 
of cost-based or market-
based regulation offer 
price. 

Demand resources are 
limited to 25% of 
regulation requirement. 

automatically drop.  

 

ERCOT 
(TNM) 41 

  

Regulation up and down 
constitute two separate 
market products. 

The MW requirement for 
each daily hour is 
determined monthly. The 
quantity of MWs procured 
is based on the amount 
historically deployed and 
the amount of time in 
which regulation service 
was exhausted.  

Resources must be 
qualified to provide 
regulation. 

No evidence of price 
caps on regulation. 

Balancing energy 
service bids (up and 
down are separate 
products) must be 
specific to congestion 
zone, a resource, a 
ramp rate, and service 
time period. Awarded for 
each 15-minute interval 

ERCOT is going to a 
nodal market December 
1, 2010 with 5-minute 
market for SCED but 
settlement will still be for 
15-minute intervals. 

Price cap of $2,250/ MW 
for energy.   

Demand-side resources 
can provide up to 50% of 
this MW requirement. 

Responsive  Reserve 
Service may be provided 
from:  

 Unloaded on-line 
generation resources,  

 Resources controlled 
by high- set under-
frequency relays, or 

 Direct Current (DC) 
tie-line response. The 
DC tie-line response 
must be fully 
deployed within 15 
seconds on the 
ERCOT System after 

 Non-spinning reserve 
service is a 30-minute 
product provided by : 

 Off-line Generation 
Resource capacity, or 

 Reserved capacity 
from on-line 
generation resources, 
or 

 Loads acting as a 
resource capable of 
being interrupted 
within 30 minutes and 
capable of running (or 
being interrupted) at 
a specified output 
level for at least 1 
hour. 

,41 Scarcity pricing mechanism is in place.
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

the under- frequency 
event. 

 

CAISO
42 

Regulation up and down 
are separate AS 
products. A regulation 
procurement forecasting 
tool calculates the 10-
minute peak regulation 
up/down for each hour of 
the day.  

 Spinning Reserves 
provided only from 
generating units;43 (see 
notes below regarding 
WECC limitation) system 
resources that submit 
bids to provide spinning 
reserves from imports, or 
system units certified and 
tested. 

Spinning reserves is a 
minimum of 50% of the 
operating reserve (OR) 
requirement. 

Following WECC 
(Western Electric 
Coordinating Council), 
the AS operating reserve 
requirement is the 

Non-spinning Reserves 
may be provided from 
curtailable demand, on-
demand rights from 
other entities, or 
Balancing Authority (BA) 
areas, plus the same 
categories as identified 
under Spinning 
Reserve. 

 

42 Scarcity pricing mechanism is in place.
43 The current WECC contingency reserve requirement represents a holistic approach to carrying contingency reserves for the entire western interconnection. The 

load responsibility calculation is used to �“transfer�” contingency reserve responsibility between BAs. Energy with associated contingency reserve can be 
exported and imported between balancing authority areas. However, if contingency reserve is associated by agreement with the energy transaction, the 
responsibility for the contingency reserve obligation will remain with the source BA. In other words, the BA exporting energy that has associated contingency 
reserve would increase its �“load responsibility�” by the amount of the energy being exported. The BA importing the energy has the ability to reduce its �“load 
responsibility�” by the same amount. This has the effect of maintaining the appropriate amount of contingency reserve on a western interconnection-wide basis. 
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

greater of : 

 Most severe single 
contingency 

 Sum of 5% of load 
responsibility served 
by hydro + 7% of 
remaining load 
responsibility 

Additional reserves are 
procured to cover 
interruptible imports and 
on-demand obligations 
minus firm exports. 

NYISO 

 

Regulation includes 
balancing resources and 
load as well as frequency 
response services. 

Regulation is adjusted for 
regulation demand 
curves to ensure that the 
price paid is no greater 
than that indicated by the 
demand curve. 

Regulation service is 
provided by qualified 
market participants who 
voluntarily submit bids to 
provide the service. 

Payments to providers of 
regulation service are 
based on actual 

The NYISO  is 
responsible for providing 
energy imbalance 
service; it includes: 

 Internal energy 
imbalance under the 
NYISO services 
tariff, addressed 
through real-time 
market and 
settlement; 

 Internal energy 
imbalance taking 
services under the 
open- access 
transmission tariff 
that pays the NYISO 
the greater of 150% 

Synchronized Operating 
Reserve. Suppliers of 
generation and demand 
side bidders may submit 
availability bids.  

Demand side bids may 
also be submitted if their 
supply conditions meet 
the reserve category 
requirements.  

At least one-half of the 
10-minute contingency 
reserve must be from 
spinning reserves. 

The 10-minute operating 
reserve requirement shall 
be greater than or equal 
to the largest single 

Non-synchronized Ten-
Minute Operating 
Reserve: The remainder 
of the 10- minute 
contingency reserve 
may be composed of 
non- synchronized 
resource capacity.  

Demand side bids may 
also be submitted if their 
supply conditions meet 
the reserve category 
requirements.  

The 10- minute 
contingency reserve 
requirement is the 
greater of the capacity 
losses caused by the 
most severe 

30-minute spinning 
reserves are provided 
by synchronized 
generators and qualified 
demand side resources 
within the NY control 
area.  

30-minute non-spinning 
reserves are provided 
by generators and 
demand side resources 
where the demand 
response is provided by 
a local generator. 
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

performance in response 
to signals from the ISO. 

Energy, Regulation, and 
Operating Reserves are 
co-optimized in a real-
time commitment process 
that minimizes costs. 

of the LMP at the 
delivery point or 
$100/MWh; 

 External energy 
imbalance--the 
difference between 
scheduled and 
actual flows between 
the NY control area 
and other control 
areas. It is 
implemented under 
NERC inadvertent 
energy guidelines. 

contingency 

Demand side resources 
can bid synchronous or 
non-synchronous 
services, but not both. 

 

contingency, or the 
largest energy loss 
caused by the 
cancellation of an 
interruptible energy 
purchase from another 
system. 

Demand side resources 
can bid synchronous or 
non-synchronous 
services, but not both. 

 

MISO 
 

Regulation resources 
must be pre-qualified and 
can be 

 Committed internal 
market generation 

 External pseudo-tied 
market generation; 

 Committed �“behind 
the meter�” generators 
or controllable loads 
that respond to MISO 
instructions 

 Available external 
asynchronous 
resources 

External asynchronous 
resources may offer 

 On-line generation and 
qualified responsive load 
resources are able to be 
loaded within the DCS 
recovery period.  

A BA must carry 40% of 
their contingency reserve 
requirement as 
�“Operating Reserve. 
Eligible spin resources 
are the same as for 
regulation with the 
addition of interruptible 
load that will respond to 
instructions from the 
MISO.  

Offer price cap of 
$100/MWh 

 Supplemental reserve is 
contingency reserve not 
classified as spinning 
reserve. 

Supplemental resources 
must be qualified 

Offer price cap of 
$100/MWh 
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

energy, regulation, and 
contingency reserve. 

Regulation resources 
must supply the system 
for a continuous duration 
of 60 minutes. 

Offer price cap of 
$500/MWh 

 

ISO-NE Regulation is acquired 
through a real-time, 
formal market from 
resources electrically 
connected to NE Control 
Area, responsive to AGC, 
and capable of meeting 
minimum performance 
standards as set out in 
procedures.  

Regulation clearing price 
determined in real time 
market rather than in day-
ahead market. 
Generator�’s actual 
response to regulation 
signals sent by the ISO is 
used to determine 
settlement amounts 
(mileage payment). 

Energy and AS markets 
are co-optimized. 

The energy market has 
an offer cap of $1,000 

 Ten-Minute Spinning 
Reserve (TMSR) is 
provided with resources 
already synchronized and 
capable of achieving 
claimed ramp rate and 
capacity within 10 
minutes. 

Ten-Minute Non-
Spinning Reserve 
(TMNSR) is provided 
using resources not 
currently synchronized. 

Commitments for 
TMNSR are acquired 
through the Forward 
Reserve for delivery in 
real-time. 

Commitments for 30-
minute reserves are 
acquired through the 
Forward Reserve 
Market. This market is 
held four times yearly 
two months in advance 
of the Forward Reserve 
Procurement Period. 

Forward reserves 
market is locational, 
allows for bilateral 
trading and demand 
response participation.  
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

per MWh. 

WECC WECC does not operate 
formal markets outside of 
those operated by the 
CAISO. 

Must meet NERC Control 
Performance Criteria. 

WECC is focused on 
interpretation of 
reliability criteria, not 
energy market products. 

Contingency Reserve is 
spin and non-spin 
reserve sufficient to meet 
the NERC Disturbance 
Control Standard (DCS) 
and is the greater of : 

 The loss of 
generating capacity 
resulting from the 
most severe single 
contingency, or 

 The sum of 5% of the 
load responsibility 
served by hydro 
generation and 7% of 
the load responsibility 
served by thermal. 

 

A BA may carry 
Spinning Reserve 
equivalent to 50% of its 
Contingency Reserve 
obligation. 

Non-FRR contingency 
reserve does not have 
to be synchronized to 
the grid. 

For generation-based 
reserves, an off-line 
resource must be able 
to be synchronized to 
the grid and generate up 
to its awarded non-
spinning reserve 
capacity within 10 
minutes.   

Acceptable types of 
non-spinning reserve 
(non-FRR contingency 
reserve) : 

 Load which can be 
interrupted within 10 
minutes of notification 

 Interruptible exports 

 On-demand rights 
from other BAs 

 Spinning reserve in 
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

excess of 
requirement 

 Off-line generation 
that qualifies as non-
spinning reserve 

SERC Standard NERC rules 
apply 

Standard NERC rules 
apply 

Standard NERC rules 
apply 

Standard NERC rules 
apply 

Standard NERC rules 
apply 

SPP AS markets not in place 
yet are in the planning 
stages. 

Regulating Reserve will 
be separated into two 
products.  

An Energy Imbalance 
Market was launched in 
2007. Market 
participants may 
purchase the service 
from the transmission 
provider or can make 
bilateral arrangements. 

Spinning reserve 
allocated to any 
generating unit shall not 
exceed the amount of 
capacity increase that will 
be realized by prime-
mover governor action 
due to a drop in 
frequency to 59.5 Hertz 
(less than or equal to 
16.7% of unit capability at 
a 5% droop setting). At 
least half of the 
contingency reserve shall 
be spinning reserve. 

Responsive load cannot 
provide spinning reserve. 

Non-spin/Supplemental 
Reserves are called 
Ready Reserves in 
Southwest Power Pool 
(SPP). Ready reserve is 
that amount of operating 
capacity or the 
equivalent, some or all 
of which, may not be 
connected to the 
interconnected network 
but which can be 
connected and fully 
applied to meet the 
NERC requirements. 

 

 

IESO 
 

Regulation Service is 
obtained from generators 
on the basis of an RFP 
(request for proposal) 
and contracting process 
that requires meeting 
pre-qualification 

 The IESO administers 
markets for 10-minute 
spinning reserve 

Ten minutes operating 
reserve is based on the 
largest single 

The IESO administers 
markets for 10-minute 
non-spinning reserves. 

The IESO administers 
markets for 30-minute 
supplemental reserve  

In addition, the IESO 
procures 30-minute 
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ISO Regulation 
4 secs �– 5 mins 

Balancing Energy 
4 secs �– 5 mins 

Synchronized, spinning 
Reserve 

10 mins �– 105 mins 

Non-synchronized, 
non-spinning Reserve 

10 mins �– 105 mins 

Supplemental 
Operating 

standards and 
specifications.  

Terms and conditions of 
the contract include:  

 A minimum overall 
ramp rate requirement 
for Ontario is 50 
MW/minute. 

 Payments comprise 
fixed and variable 
cost components. 

 Settlement basis is 
the lesser of the 
amount of regulation 
service scheduled or 
the amount delivered. 

contingency with 25% 
Supplied by spinning 
reserves. 

10-minute contingency 
reserve is the equivalent 
of the largest first 
contingency loss that 
could occur under a 
given IESO-controlled 
grid configuration. 

IESO is also part of a 
shared activation of 
reserve group with PJM, 
NYISO, NBSO (New 
Brunswick System 
Operator), and ISO-NE 
(Independent System 
Operator-New England). 

reserves based on half 
of the largest second 
contingency that could 
occur under a given 
IESO-controlled grid 
operating configuration.  

 

FRCC Standard NERC rules 
apply 

 Standard NERC rules 
apply 

Standard NERC rules 
apply 

 

Notes 
WECC - The current WECC contingency reserve requirement represents a holistic approach to carrying contingency reserves for the 
entire western interconnection. The load responsibility calculation is used to �“transfer�” contingency reserve responsibility between 
BAs. Energy with associated contingency reserve can be exported and imported between balancing authority areas. However, if 
contingency reserve is associated by agreement with the energy transaction, the responsibility for the contingency reserve obligation 
will remain with the source BA. In other words, the BA exporting energy that has associated contingency reserve would increase its 
�“load responsibility�” by the amount of the energy being exported. The BA importing the energy has the ability to reduce its �“load 
responsibility�” by the same amount. This has the effect of maintaining the appropriate amount of contingency reserve on a western 
interconnection-wide basis.
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Appendix C: Ancillary Services Utilization of Bureau of Land Management Hydro-electric Facilities 

Hydro Facility State Spin Non-Spin Replacement  
Reg/Load 
Following 

Black 
Start 

Voltage 
Support 

Alcova   WY Yes Yes Yes Yes No Yes 
Anderson Ranch   ID Yes Yes Yes Yes Yes Yes 
Big Thompson   CO No No No No No No 
Black Canyone   ID Yes Yes Yes Yes Yes Yes 
Blue Mesa   CO Yes Yes Yes Yes No Yes 
Boise Mesa   ID No No No No No No 
Boysen   WY No No No No No Yes 
Buffalo Bill   WY No No No No No Yes 
Canyon Ferry   MT Yes Yes Yes No Yes Yes 
Chandler   WA No No No No No Yes 
Crystal   CO Yes Yes Yes Yes Yes Yes 
Davis   AZ Yes Yes Yes Yes Yes Yes 
Deer Creek   UT No No No No Yes Yes 
Elephant Butte   NM No No No No Yes Yes 
Estes   CO Yes Yes No Yes Yes Yes 
Flaming Gorge   UT Yes Yes Yes Yes Yes Yes 
Flatiron   CO Yes Yes Yes Yes Yes Yes 
Folsom   CA Yes Yes Yes Yes Yes Yes 
Fonteneel   WY Yes Yes Yes Yes Yes Yes 
Fremont Canyon   WY Yes Yes Yes Yes No Yes 
Glen Canyone   AZ Yes Yes Yes Yes Yes Yes 
Glendo   WY No No Yes No No Yes 
Grand Coulee   WA Yes Yes Yes Yes Yes Yes 
Green Mountain   CO No No No No Yes Yes 
Green Springs   OR No No No No No Yes 
Guernsey   WY No No No No No Yes 
Heart Mountain   WY No No No No No Yes 
Hoover   AZ Yes Yes Yes Yes Yes Yes 
Hungry Horse   MT Yes Yes Yes Yes Yes Yes 
Judge Francis Carr   CA Yes Yes Yes Yes No Yes 
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Keswick   CA No No No No Yes Yes 
Kortes   WY Yes Yes Yes Yes Yes Yes 
Lewiston   CA No No No No Yes No 
Lower Molina   CO No No No No Yes Yes 
Marys Lake   CO No No No No Yes Yes 
McPhee   CO No No No No Yes Yes 
Minidoka   ID No No No No Yes Yes 
Morrow Point   CO Yes Yes Yes Yes Yes Yes 
Mount Elbert   CO Yes Yes Yes Yes Yes Yes 
New Melones   CA Yes Yes Yes Yes Yes Yes 
Nimubs   CA No No No No No Yes 
O'Neil   CA No No No No No No 
Palisades   ID Yes Yes Yes Yes Yes Yes 
Parker   AZ Yes Yes Yes No No Yes 
Pilot Butte   WY No No No No No No 
Pole Hill   CO No No No No Yes Yes 
Roza   WA No No No No No Yes 
San Luis   CA No No No No No No 
Seminoe   WY Yes Yes Yes Yes No Yes 
Shasta   CA Yes Yes Yes Yes Yes Yes 
Shoshone   WY No No No No No No 
Spirit Mount   WY No No No No No No 
Spring Creek   CA Yes Yes Yes Yes No Yes 
Stampede   CA No No No No No Yes 
Towaoc   CO No No No No Yes Yes 
Trinity   CA Yes Yes Yes Yes No Yes 
Upper Molina   CO No No No No Yes Yes 
Yellowtail   MT Yes Yes Yes Yes Yes Yes 
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