











The four synchronous interconnections in the United States and Canada each
comprise one or more BAAs (the Electric Reliability Council of Texas [ERCOT]
and Quebec are single BAAs). The original BAAs—except for the three “tight”
power pools in the Northeast (the New England Independent System Operator
[ISO-NE], the New York ISO [NYISO], and the PJM Interconnection {PJM])—
were previously individual electric utility control areas.

The restructuring of the electric power industry over the past two decades and
the emergence of wholesale energy markets have reduced the number of both
BAAs and balancing authorities (Figure 5-1). Further consolidation is expected
over the coming years. The Midwest ISO and the Southwest Power Pool (SPP)
regional transmission organizations (RTQOs) are examples. Balancing authorities
that are part of the Midwest ISO (shown as MISO RTO in Figure 5-2) energy
market, located in the Midwest Reliability Organization (MRO), Mid-American
Interconnected Network (MAIN), Southeastern Electric Reliability Council
(SERC), and ReliabilityFirst Corporation (RFC) regional reliability organizations,
were consolidated under a single BAA when the Midwest ISO ancillary services
market started up. The SPP RTO began market operations with an Energy
Imbalance Service and is transitioning to other offerings that could eventualty
supplant conventional individual balancing authority functions within its
market footprint.

In this Eastern Wind Integration and Transmission Study (EWITS), the subset of
reliability-related services that involve the control of generation to meet demand,
facilitate the delivery of wind energy, and maintain the security of the bulk
power system is of primary interest. All are covered in this section, which also
focuses on the control of generation in real time in response to changes in wind
generation and load. The generation capacity assigned to serve these roles is
generally known as reserves, and specific categories of reserves are designated to
fulfill specific functions.

The terminology for reserves is not rigidly defined, and varies by region and
country. For example, common definitions for operating reserve categories used
in the Union for the Co-ordination of Transmission of Electricity (UCTE) in
Europe are different than those used in the United States. Even within the United
States, variations in operational practice have led to reserve definitions that are
not uniform across the country.

Table 5-1 lists relevant definitions from the NERC Glossary of Terms Used in
Reliability Standards.* The definitions are somewhat overlapping—operating
reserve comprises regulating reserve and contingency reserve—and not
completely consistent or precise; “operating reserve—spinning” does not seem to
include regulating reserve, and the general category of operating reserve
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Figure 5-2. U.S. RTOs
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Subhourly market clearing points are based on short-term forecasts of demand.
In an existing 5-minute energy market, for example, the clearing point is based
on projections of demand made 15 to 20 minutes before the interval. Participating
units are instructed to move to cover the projected change in load; any difference
between the forecast load and the actual load for the interval (assuming that all
generating units follow dispatch instructions precisely) will effectively “spill
over” into the regulation bin.

Very-short-term aggregate forecasts of large amounts of load can be quite
accurate. For wind generation, the variations over these same time periods
are less so. Errors in the short-term forecast of wind generation will therefore
increase the requirement for regulation.

The wind generation profile data at a 10-minute resolution for each scenario were
used to estimate this impact on regulation. Using a persistence forecast, where
the average production for the last several intervals (six intervals in this case)

is the forecast for the next 10-minute interval, the expected error in this simple,
short-term wind generation forecast can be easily calculated and characterized.
Persistence performs reasonably well as a forecast technique for limited horizons,
on average. Other techniques might be better for predicting significant ramps,
but over all the intervals in a year, those techniques might not outperform simple
persistence. The team’s objective here was to employ a simple, yet reasonable,
approximation to a more sophisticated approach that would be used in practice.

Figure 5-7 illustrates the short-term forecast errors for load and wind generation
with dafa from one of the scenarios and operating regions. Here the study team
assumed that the subhourly market operates on 10-minute intervals (to match
the resolution of data available for this study), and the load forecast is generated
one interval prior. A simple regression-extrapolation technique performs very
well for forecasting load; this is most likely caused by the smoothness of the
variations. In reality, more sophisticated techniques are used, and can account
for the expected load shape and other factors that would further improve
performance near peak intervals.

The persistence forecast for wind generation performs reasonably well, but the
variations at 10-minute intervals for even this large amount of wind generation
exhibit more volatility than is observed in the aggregate load. Consequently, the
errors in wind generation forecasts dominate the net error, as Figure 5-8 shows.
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Finally, the importance of the assumptions about the structure for operations
in this 2024 scenario must be reiterated. Functional subhourly markets are

the most economic means to compensate for short-term changes in load and
wind generation that can be forecast. Very large balancing areas with adequate
transmission take maximum advantage of diversity in both load and wind
generation. By contrast, the Western Interconnection, with the exception of
California, comprises smaller, less tightly interconnected balancing areas. Even
modest penetrations of wind generation, mitch smaller than those considered
here, can have very significant operational and cost impacts because of the
additional requirements they bring for regulation and balancing.

The penetrations of wind generation considered in EWITS are well beyond what
experience can speak to definitively; further analysis is certainly warranted. The
knowledge gained from operating experience around the country and the world
as wind generation penetrations continue to grow will build an increasingly
better foundation for technical insights into this important challenge.
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Production simulation results from this study could be used to identify times
of binding constraints. The EWITS results could also be used to explore

other periods of interest, such as times when there are large changes in wind
production, periods of minimum load, and conditions where loss of significant
generation would raise questions about the security of the system. For such
periods, the state of the system —in terms of, for example, loads, committed
generation and dispatch level, and wind generation—would be transferred to
an appropriate AC power system model. A variety of power system engineering,
analyses could then be conducted to determine what additional equipment or
operating limitations would be necessary to maintain system reliability. Two
examples follow:

* An AC analysis could examine in more detail the power transfer limita-
tions assumed in the production modeling. The production simulations
in EWITS used a DC power flow that does not consider the wide range of
issues associated with voltage control and reactive power dispatch. This
would involve power flows that look at voltage and reactive compensa-
tion issues, dynamic and transient stability, and HVDC terminal control.
Local and regional transmission needs could then be analyzed in much
greater detail.

¢ Longer term dynamic analysis would allow more detailed simulation and
analysis. For example, the actions of automatic generation control (AGC),
load tap changing on transformers, and capacitor or reactor switching for
voltage control could be simulated and analyzed in much greater detail.
This, in turn, would enable examination of subhourly market operation
and the response of generation to either AGC or market dispatch in-
structions. And that examination would allow investigators to consider
limitations caused by prime mover or governor response, HVYDC control
actions, or special protective schemes. These types of analyses could be
used to zoom in on the operation of the system in real time, resulting in
higher confidence estimates of the operating reserve requirements and
policies needed to maintain performance and reliability.

The analysis suggested for the large footprint considered in EWITS would
require participation and collaboration from a large number of entities across the
interconnection. Personnel engaged in running similar studies with a regional
focus would need to be involved, at a minimum, in a review capacity and for
interpretation of results. National entities such as the North American Electric
Reliability Corporation (NERC) would also need to be engaged to oversee the
development of the data sets and models. The size and scope of the system
models might also require computational power beyond what is used today

in the power industry, and therefore could involve universities or national
laboratories with appropriate resources.
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resource, thereby relaxing the constraints on scheduling and dispatch of
conventional generating units. The implications for wind generation are
potentially very significant, which is why alternative 2024 scenarios that
consider the range of smart grid implications for the bulk electric system
merit further study.

PHEVs (nighttime charging of plug-in electric vehicles): Widespread
adoption of electric vehicles has the potential to alter the familiar diurnal
shape of electric demand. Because the wind resource is abundant at night
and during the low-load seasons, increases in electric demand during
these times could ease some of the issues associated with integration.
Commitment/optimization with high amounts of wind: The approach for
scheduling and dispatching generating resources used in the production
simulations was based on current practice. In the future, new operating
practices and energy market structures might be implemented that take
advantage of the fact that uncertainty declines as the forecast horizon is
shortened (for both load and wind generation). Intraday energy markets
that allow more frequent reoptimization of the supply resources could
offer some advantage for accommodating large amounts of variable and
uncertain wind energy.

Fuel sensitivity: In this phase of EWITS, the study team considered a
single “future” for prices of other fuels used for electric generation. As
history attests, there is much uncertainty and volatility inherent in some
fuel markets, especially for natural gas. Alternate scenarios that explore
the impacts of other fuel price scenarios on integration impacts and
overall costs would be valuable.

The role and value of electric energy storage: With the substantial
transmission overlays and the assumption of large regional markets, the
EWITS results show that large amounts of wind generation might be
accommodated without deploying additional energy storage resources.
The ability to store large amounts of electric energy could potentially
obviate the need for some of the transmission and reduce wind
integration impacts, though. Analysis of bulk energy storage scenarios
with generic storage technologies of varying capabilities would quantify
the costs and benefits of an alternate means for achieving high
penetrations of renewable energy.

Transmission overlay enhancement: As described earlier, the analytical
methodology was based on a single pass through what is considered an
iterative process. Further analysis of the existing results could be used to
refine the transmission overlays, which would then be tested in additional
production simulations and LOLE analyses, along with AC power flow
and stability analysis. This could reduce the estimated costs of the overlay,
and bolster the view of the required regional transmission expansion that
would be needed to deliver the large amounts of wind energy to load.
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Energy penetration: The ratio of the amount of energy delivered from one type
of resource to the total energy delivered. For example, if 200 megawatt-hours
(MWHh) of wind energy supplies 1,000 MWh of energy consumed, wind’s energy
penetration is 20%.

European Wind Integration Study (EWIS): An initiative established by the
European transmission system operators in collaboration with the European
Commission. EWIS partners are developing, where possible and appropriate,
common solutions to wind integration challenges. They are also identifying
arrangements that will best use the pan-European transmission network to deliver
the benefits of wind generation across Europe.

Eastern Wind Integration and Transmission Study (EWITS): A project that
evaluated the power system impacts, costs, and conceptual transmission overlays
attendant with increasing wind generation capacity to 20% and 30% of retail
electric energy sales in 2024 for the study area, which includes a large fraction of
the U.S. Eastern Interconnection.

Federal Energy Regulatory Commission (FERC): An independent agency that
regulates the interstate transmission of electricity, natural gas, and oil.

Financial transmission right (FTR): A right to congestion credits or charges along
a specific path during a given time frame for a certain amount of power flow.
FTRs are tradable financial instruments that allow market participants to hedge
againsi the cost and uncertainty that can arise from congestion in the market.

GE Energy’s Multi-Area Reliability Simulation (GE-MARS): A transportation-
style model based on a sequential Monte Carlo simulation that steps through time
chronologically and produces a detailed representation of the hourly loads and
wind profiles, generating units, and interfaces between the interconnected areas.

Gigawatt (GW): A unit of power that is instantaneous capability equal to 1 million
kilowatts.

Gigawatt-hour (GWh); A unit or measure of electricity supply or consumption of
1 million kilowatts over a period of 1 hour.

Grid: A common term for an electricity transmission and distribution system. See
also power system and utility grid.

Hurdle rate: Rates used in the production-cost model to allow regional
transactions during the security-constrained unit-commitment and dispatch
process. Two separate hurdle rates are defined for dispatch and for unit
commitment. The dispatch hurdle rates are the economic adders between
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Loss of load probability (LOLP): The probability that the load will exceed the
generation at a given time. When this probability is summed over a time frame (
e.g., 1 year), itis known as LOLE.

Megawatt (MW): The standard measure of power plant electricity-generating
capacity. One megawatt is equal to 1,000 kilowatts or 1 million watts.

Megawatt-hour (MWh): A unit of energy or work equal to1,000 kilowatt-hours or
1 million watt-hours.

Mesoscale: Atmospheric phenomena (temperature, pressure, precipitation, and
wind, for example) on scales of several kilometers to several hundred kilometers.

Nameplate rating (or nameplate capacity): The maximum continuous output
or consumption (in megawatts) of an item of equipment as specified by the
manufacturer.

Power: The rate of production or consumption of energy.

Power system: A common term for an electricity transmission and distribution
system. See also utility grid.

Production-cost model: A model that captures all the costs of operating a fleet of
generators. The model has been developed into an hourly, security-constrained,
economic commitment and dispatch simulation. It uses an hourly chronological
dispatch algorithm that minimizes costs while simultaneously adhering to

a number of operating constraints. It calculates hourly production costs and
location-specific market-clearing prices.

Ramp rate: The rate of change in output from a power plant.

Regional Transmission Organization (RTO): An independent organization
established to operate the transmission assets and deliver wholesale transmission
services within a defined geographic region. Typically, the RTO does not own
transmission facilities but operates them on behalf of the transmission-owning
utilities. A RTO can operate a central energy market in addition to furnishing
transmission services. (Note: RTO can sometimes stand for regional transmission
operator, depending on context.)

Reserves
Contingency Reserves: Reserves to mitigate a contingency, which is defined
as the unexpected failure or outage of a system component such as a
generator, tfransmission line, circuit breaker, switch, or other electrical element.
In the formal North American Electric Reliability Corporation (NERC)
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Wind integration costs: Incremental costs incurred in operational time frames
that can be attributed to the variability and uncertainty introduced by wind
generation,

Wind power: Power generated by using a wind turbine to convert the mechanical
power of the wind into electrical power.

Wind power plant; A group of wind turbines interconnected to a common utility
system.

Wind resource assessment: The process of characterizing the wind resource and
its energy potential for a specific site or geographical area.

Wind speed: The rate of flow of wind when it blows undisturbed by obstacles.

Wind turbine: A device that converts wind energy to electricity.
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