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5 Operational Analysis

The purpose of the operational analysis is to evaluate the operational feasibility of integrating
large amounts of variable renewable generation into the study area footprint. A range of
renewable penetrations was considered as well as various system sensitivities such as fuel
prices, Carbon price impacts, and transmission expansion. The analysis was performed using
the GE Multi Area Production Simulation program, MAPS, which performs a day-ahead unit
commitment and an hourly dispatch recognizing transmission constraints within the system
and individual unit operating characteristics. Details of the model are included in Appendix C.
Except where noted, day-ahead wind power forecasts were used in the commitment process. As
a by-product of the analysis, the production cost and emission impact of wind power was also
determined. While that information is useful and of interest to many, it is important to
recognize that it is not the intent of this study to economically justify wind generation. This
study seeks to determine the overall feasibility of incorporating large amounts of wind
generation into the operation of ISO-NE, what operational challenges might arise, and what
changes might be required to facilitate this integration.

5.1 Assumptions

The operational analysis for NEWIS was simulated for a year to approximate the year 2020. The
underlying NEWIS base database, which includes ISO New England, New York ISO, PJM Mid-
Atlantic and the Maritimes were modeled in detail based on sources from 2009 CELT report for
ISO New England and Velocity Suite of Ventyx Vintage 2009 for the rest. Figure 5-1 below
outlines the system modeled.
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be due to the fact that the wind generation in the neighboring systems of NYISO and PJM were
also expanded at these higher levels. The lowest cost hours for the 20% and 24% scenarios drops
to $10/MWh. As noted in section 5.1, the $10/MWh price is based on the wind dispatch cost.
During hours when the LMP is $10/MWHh, the wind was curtailed to not allow it to displace
nuclear generation. This would be classified as minimum generation events. Note that although
not modeled in this study, changes in market rules to allow negative energy market offers, as is
currently done in NYISO and PJM, would likely result in LMPs less than zero, as wind
resources would compete to stay online to earn Renewable Energy Credits (REC) or other
incentives.

219























































New England Wind Integration Study Oparational Analysis

The ramp down capability may be deficient a few hours and possibly require either changes to
the unit commitment or spilling of some wind energy. Table 5-7 shows the number of hours
when the ramp down capability is less than 100 MW/minute for the various wind penetration
scenarios. Although relatively small at the lower penetrations the number of hours becomes
more significant at the higher penetrations.

Table 5-7 Number of hours with ramp down capability < 100 MW/minute.

Scenario # Hours
No Wind 0
2.5% Energy 3
9% Energy Queue 43
14% Energy Best Sites Onshore 185
20% Energy Best Sites Onshore 374
24% Energy Best Sites Onshore 537

5.21.3 Weekly Dispatch and Ramp/Range analysis

The previous section examined the operational impacts of renewable generation from an annual
basis. This section examines a spring and summer week to look at the changes in operation

more closely.
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Figure 5-38  ISO-NE dispatch, week of July 6, no wind
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Figure 5-39  ISO-NE dispatch, week of July 6, 2.5% Energy, S-o-A forecast
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Figure 5-40  1SO-NE dispatch, week of July 6, 9% Energy, S-0-A forecast
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Figure 5-41  ISO-NE dispatch, week of July 6, 14% Energy_Best Sites Onshore, S-0-A forecast
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Figure 5-42 ISO-NE dispatch, week of July 6, 20% Energy_Best Sites Onshore, S-0-A forecast
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Figure 5-43  ISO-NE dispatch, week of July 6, 24% Energy_Best Sites Onshore, S-0-A forecast
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increase from roughly 80 MW to 310 MW at 20% penetration, as seen in section 4.6.1. Over a 5-
minute period, 310 MW would translate to 62 MW/min, which is less than half of what is
available, indicating that the increased regulation requirement could easily be met. The ramp
down maximum is roughly 2,200 MW/min and the minimum is 0 MW/min. As expected, the
hours at 0 for the ramp down is the same as the range down.

Figure 5-83 compares the hourly ramp up/down capability against the ISO-NE hourly load for
all of the 20% scenarios. The upper figure shows the total range and the bottom figure expands
the graph to just show the hours with less than +/- 100 MW/min ramping capability. The ten-
minute spinning reserve for ISO-NE is 700 MW, which would correspond to a ramp up
capability of 70 MW/min. As can be seen from the curve, the ramp up capability never falls
below 165 MW/min. Again, from the ramp up side this does not appear to present any
difficulty. However, the ramp down capability may be deficient several hundred hours and
possibly require either changes to the unit commitment or spilling of some wind energy.
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Table 5-12 shows a summary of the number of hours with less than 100 MW/min of ramp down

capability for the various 20% scenarios.

Table 512 Number of hours with ramp down capability < 100 MW/minute, 20% scenarios.

Scenario # Hours
20% Energy Best Sites By State 612
20% Energy Best Sites 479
20% Energy Best Sites Maritimes 225
20% Energy Best Sites Offshore 451
20% Energy Best Sites Onshore 374
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the use of the 4 GW overlay for the 20% penetration cases essentially eliminated the congestion
within the system. Although congestion was more of a factor in the 14% it did not seem to
significantly affect the operating costs. This is likely due to the fact that gas is on the margin on
both sides of the constraints, so that while the constraint is limiting there is not that much of a
cost difference behind it. Because the costs were relatively unaffected by the congestion that did
occur, the operation of the system was similar to the operation of the system with 20% wind
energy.

5.2.4 Value of Forecasts

Figure 5-88 examines the value of the wind forecast as wind penetrations increase. The figure
shows the difference in system operating costs between using no forecast and a case with a
perfect day-ahead forecast and the corresponding case using a State-of-the-Art forecast.

In the production cost simulation, if no wind forecast is provided, the commitment phase of the
model does not include this energy. It shows up in the dispatch phase only. This causes over
commitment of thermal units and can lead to excessive spinning reserve and curtailment of the
wind. If a perfect forecast is used, the model has perfect knowledge of the wind produced in
both phases of the model. When a S-0-A forecast is used, the commitment phase uses an
imperfect but relatively accurate day-ahead forecast of the wind. This forecast will be low or
high of the actual wind used in the dispatch phase of the program. If the forecast is low
compared to the actual wind, over commitment of thermal units will occur and potentially not
enough thermal units will be committed. This can lead to increased quick start operation and
spinning reserve violations.

Not surprisingly, the importance of the forecast increases at higher penetration levels. But even
at the lowest level of penetration using the wind forecast can reduce operating costs by $50
million per year. Another important aspect is that implementation of wind forecasting in the
day-ahead commitment and real time dispatch early in the actual wind integration process will
allow the system operators to gain experience and comfort levels before it reaches the billion
dollar level of impact. The study results show that improving the forecasting can have some
benefit, but that the critical aspect is in using the best level of forecasting that is currently
available. At higher penetrations the 5-0-A forecast appears to provide roughly 94% of the value
of using a forecast with perfect knowledge.

282






















New England Wind tntegration Study Operational Analysis

Table 5-14 summarizes the number of hours that the ISO-NE interfaces were limiting or at their
maximum value. The table shows the number of hours each interface was limiting, in the No
Wind scenario and the 20% Energy_Best Sites Onshore scenario, for the 2020 simulation when
the 2004, 2005, and 2006 load and wind shapes were used. As shown in Table 5-13, using the
2004 load shape has the highest load factor of the three years. Not surprisingly, the No Wind
scenario using this shape has the highest amount of hours with the interfaces limiting. The No
wind scenario using the 2005 and 2006 shapes has considerably less limiting hours. The 20%
Energy_Best Sites Onshore scenarios with the different shapes have similar much lower hours
limiting than the no wind. Although some hours still exist with the interfaces limiting, the
Governors’ 4 GW overlay was built adequately to handle the varying load amounts when using
the different shape years.

Table 5-14 ISO-NE Interface Hours Limiting

2004 20% | 2005 20% | 2006 20% |
2004 12005]2006] Energy_Bes |Energy_Best| Energy_Best
No No | No t Sites Sites Sites

Interface wind Jwind]wind] Onshore Onshore Onshore
North-South 3653] 1784]1795 542 460 326
Boston Import 0 0 0 3 2 4
New England East-West 0 0 0 0 0 0
Connecticut Export 0 0 0 0 0 0
Connecticut Import 0 0 0 0 0 H
Southwestern Connecticut Import 0 0 0 0 0 0
Norwaik-Stamford Import 0 0 0 0 0 0
New York-New England 455] 731] 119 357 910 412
Orrington South 3026] 1293] 656 0 0 0
Surowlec South 81 55 37 575 410 311
Maine-New Hampshire 27 0 2 0 0 0
SEMA Export g 0 0 0 0 0
West - East 0 0 0 0 0 0
NB -NE 631] 518] 283 683 523 559
SEMA/RI Export 63 0 6 0 0 0
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5.2.5.1 Ramp and Range Capability

Figure 5-98 compares the hourly ramp up/down capability against the hourly load for the No
Wind and 20% Energy_Best Sites Onshore scenarios for the three years of shapes. The upper
figure shows the total range and the bottom figure expands the graph to just show the hours
with less than +/- 100 MW/min ramping capability. The ten-minute spinning reserve for ISO-NE
is 700 MW, which would correspond to a ramp up capability of 70 MW/min. As can be seen
from the curve, the ramp up capability never seems to be a problem. The regulation
requirement at the 20% wind penetration level is roughly 400 MW (see section 4.4.1). Again,
from the ramp up side this doesn’t appear to present any difficulty. However, the ramp down
capability is deficient several hundred hours and may possibly require either changes to the
unit commitment or spilling of some wind energy.

Table 5-15 shows a summary of the number of hours with less than 100 MW/min of ramp down
capability for the six cases shown. While none of the No Wind cases showed any hours with the
ramp down capability less than 100 MW/minute there was considerable differences between the

three years for the 20% cases.

Table 5-15 Number of hours with ramp down capability < 100 MW/minute, various study years.

Scenatio # Hours
2004 No Wind 0
2005 No Wind 0
2006 No Wind 0
2004 20% Energy Best Sites Onshore 103
2005 20% Energy Best Sites Onshore 208
2006 20% Energy Best Sites Onshore 374
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The assumed ISO-NE generation portfolio appears to be compatible with the studied
penetrations of wind. Even up to 24% energy there were no significant operating issues
observed, like running out of ramp/range up capability. There were few hours where the
ramp/range went to 0, roughly 16 hours. Potentially, this can be addressed by curtailing wind.
The generation displacement in ISO-NE is primarily combined cycles for all levels of
penetration with some coal displacement occurring at higher penetrations. There were
relatively small changes in PSH utilization across all levels of penetration. 20% wind
penetration also had the following impacts:

o  NOx-~6,000 tons
o  50x-~4,000 tons
s CO2 - ~12 million tons
e LMP-$5to $11/MWh

For a given penetration of wind energy, differences in the locations of wind plants had very
little effect on overall system performance. For example, the system operating costs and
operational performance were roughly the same for all the 20% wind energy penetration
scenarios analyzed. This is primarily because all the wind layout alternatives had somewhat
similar wind profiles (since all of the higher penetration scenarios included the wind generation
from the Full Queue), there was no significant congestion on the assumed transmission systems,
and the assumed system had considerable flexibility, which made it robust in its capability of
managing the uncertainty and variability of additional wind generation across and between the

studied scenarios.

The individual metrics (e.g,., prices, emissions} are useful in comparing scenarios, but should
not be used in isolation to identify a preferred scenario or to predict actual future results.

There were very few hours when transmission congestion was an issue given assumed build-
outs. Refinement of transmission build outs should be evaluated. The investment costs required
for both the wind generation and transmission expansion were not considered in this analysis
and will be an important factor in deciding which of the development paths suggested by the
scenarios might be pursued. Some scenarios that showed the least transmission congestion also
required the greatest investment in transmission, so congestion results should not be evaluated
apart from transmission expansion requirements. Some scenarios that showed the greatest
reductions in LMPs and generator emissions also used wind resources with low capacity
factors, which would result in higher capital costs.
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The impact on generation displacement and revenue reduction increased gradually with
increasing wind penetration from the 2.5% through the 24% level. There appeared to be no
major step change in the impact across this range.

The existing ISO-NE generation fleet is dominated by natural-gas-fired resources, which are
potentially very flexible in terms of ramping and maneuvering. As shown in the upper left pie
chart of Figure 5-127, natural gas resources provide about 50% of total annual electric energy in
New England assuming no wind generation on the system. Wind generation would primarily
displace natural-gas-fired generation since gas-fired generation is most often on the margin in
the ISO-NE market. The pie charts show that as the penetration of wind generation increases,
energy from natural gas resources is reduced while energy from other resources remains
relatively constant. At a 24% wind energy penetration, natural gas resources would still be
called upon to provide more than 25% of the total annual energy (lower right pie chart). In
effect, a 24% wind energy scenario would likely result in wind and natural-gas-fired generation
providing approximately the same amount of energy to the system, which would represent a
major shift in the fuel mix for the region. It is unclear, given the large decrease in energy market
revenues for natural-gas-fired resources, whether these units would be viable and therefore
continue to be available to supply the system needs under this scenario. Revenue reduction for
units not being displaced by wind energy is roughly 5%-10%, based on lower spot prices. For
units that are being displaced, their revenue losses are even greater. This will likely lead to
higher bids for capacity and may lead to higher bids for energy in order to maintain viability.
The correct market signals must be in place in order to ensure that an adequate fleet of flexible
resources is maintained. During peak hours, wind has a much lower than nameplate capacity
value, even though up to 24% of energy is produced. Capacity value is discussed further in
Chapter 6 of this report.

Incorporating the day-ahead wind forecast, even if it is imperfect, in the commitment decision
was shown to make a significant impact at all levels of penetration. Analysis performed for the
NEWIS indicates that these effects, and hence the case for implementation of a wind power

forecast, grows as wind power penetrations increase.
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6 Reliability Analysis
6.1 Introduction

A capacity value analysis was performed on the various wind generation scenarios being
examined in New England. As with the operational analysis, multiple yearly wind profiles and
load shapes were considered. The variation in results between the different annual patterns
tends to be more pronounced in the capacity valuations as compared to the production
simulations because the capacity value is much more a function of the wind performance for a
few critical hours and days whereas the production value is a function of the generation
throughout the year. This analysis considered variations in wind penetration, scenario layout
and annual load shapes and wind profiles for all of the wind scenario aggregations. The
capacity values were developed for each aggregation and no attempt was made to isolate the
capacity value of wind resources by individual geographic area. It is also important to
differentiate the “capacity value” from the similar sounding “capacity factor.” The “capacity
factor” is the annual energy production divided by the nameplate rating and the number of
hours in the year. The capacity factors for the individual wind plants ranged from 27% to 47%
based on their location. The “capacity value” is the expected amount of capacity that can be
counted on to meet the installed capacity requirements needed to satisfy the system reliability
criteria. As will be discussed later, the capacity values are often approximated by the average
capacity factors during just the peak load hours. The capacity values for the various scenarios
examined ranged from 20% to 36%.
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