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1 Statistical Analysis of Load and Renewable Data

1.1 Objectives of Statistical Analysis

In this section, the report provides information in charts and tables that describe and
characterize the PJM system load data and renewable resource data. Renewable resources
analyzed consist ® Wind and PV generation where PV consists of Single Axis Solar PV,
Commercial Fixed Axis Solar PV, and Distributed Residential Rooftop Solar PV. Wind
generation is variable across time scales ranging from second to seasons and cannot be
perfectly forecag over any horizon. PV generation like wind is variable across a smaller time
scale,i.e.,daylight hours, and is influenced by numerous factors such as cloud cover, haze,
humidity, aerosol and others. Balancing Area load also exhibits variability anctenainty
across many operational time frames. Renewable resource variability and uncertainty
increase the overall variability and unceainty of net load (system load net ofenewable
generation).

The mainpurpose of the analysis provided in this sectiois to convey familiarity to the
reader of the chronological load and renewable (Wind and PV) data which are the primary
inputs to the technical analysis described in the report. In general it is not possible to extract
guantitative conclusions about opeaiting impacts directly from statistics of windPV and
load data. While certain features may stand out from a system operations perspectiye
such as a difference in time when peak and net load peak ocaluseveral other factors must

be considered to detemine the magnitude of the impact. Production simulations take many
of these other factors into account as they seek to mimic the actual operation of the system
against the array of operating constraints, and therefore are the better framework for
drawing operational conclusions.

Renewable generation scenarios consisting of different penetrations of wind and PV were
defined for the study and are shown iable1-1. Renarios were definedin consultation
with PJM, and renewable wind and PV sites were selected from the data available in the
NREL databases. Chronological production data at-bfinute intervals over the calendar
years of 2004, 2005 and 2006 were extraaeand aggregated by generation type for this
analysis.

In the GE MAPS production simulations, individual sites were assigned to existing or planned
network buses in the PJM model. The statistical analysis and characterization of the
renewable resourcesexamine the aggregate production i.e. the total generation of all wind
and PV sites in each scenario.

Pl ease see PJM BehaBoDbwwlepmentandrdmalyas t : 0
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PJM provided Bminute resolution load for the same calendar years as the renewable
production data, sincesystem load can be affected by weather conditiaand renewable
generation is also weather related.The load data was escalated with PIJM guidance to make
the data sets representative of the future study year.

Table 1-1: Renewable Scenario Descriptionswith Wind and Solar Installed Capacity

Installed

Scenario Abbreviation Capacity
2% Business as Usual 2% BAU 5,193
14% Renewable Portfolio Standard 14% RPS 40,188
20% High Offshore Best Onshore Wind 20% HOBO 62,704
20% Low Offshore Distributed Onshore Wind 20% LODO 64,284
20% Low Offshore Best Onshore Wind 20% LOBO 62,794
20% High Solar Best Onshore Wind 20% HSBO 73,278
30% High Offshore Best Onshore Wind 30% HOBO 103,939
30% Low Offshore Distributed Onshore Wind 30% LODO 105,812
30% Low Offshore Best Onshore Wind 30% LOBO 102,357
30% High Solar Best Onshore Wind 30% HSBO 108,903

The first row ofTable1-2 summarizes the PJM load for 2004, 2005 and 2006 profjlssaled
for the study year. The remaining rows show statistics pertaining ttenewable geneation
for each scenario. Load Net of ddewable geneation (LNR) is summarized ihable 1-3.
Both tables present the aggregate annud energy statistics,contribution of renewable
energy during peak load hours for each scenariand the minimum net load.
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Table 1-2: Summary Statistics for PJIM 2026 Load and RenewablEnergy Production byScenario

Average

Std. Annual
Maximum Minimum Average Deviation Energy

Scenario Abbreviatior (MW) (MW) (MW) (MW) (TWh)

Load Load 200,278 66,583 110,684 19,762 969,596
2% Business as Usual 2%BAU 4,894 29 1,956 1,139 17,132
14% Renewable Portfolio Standard 14%RPS 34,444 802 13,864 6,991 121,445
20% High Offshore Best Onshore Wind 20%HOBO 51,705 685 20,456 8,632 179,199
20% Low Offshore Distributed Onshore W 20%LODO 53,203 1,198 20,579 9,673 180,273
20% Low Offshore Best Onshore Wind 20%LOBO 52,095 1,042 20,432 10,025 178,984
20% High Solar Best Onshore Wind 20%HSBO 60,598 883 20,574 10,659 180,230
30% High Offshore Best Onshore Wind 30%HOBO 85,643 1,026 32,634 13,933 285,878
30% Low Offshore Distributed Onshore W 30%LODO 87,687 1,728 32,558 15,314 285,204
30% Low Offshore Best Onshore Wind 30%LOBO 85,706 1,473 32,539 16,209 285,039
30% High Solar Best Onshore Wind 30%HSBO 91,152 1,218 30,715 16,278 269,061

Table 1-3: Load and LNR Statistics over all 3 Years of Data
Net

Average

Std. Annual

Maximum Minimum Average Deviation Energy

Scenario Abbreviatior (MW) (MW) (MW) (MW) (TWh)

Load Load 200,278 66,583 110,684 19,762 969,596
2% Business as Usual 2%BAU 198,082 65,183 108,729 19,967 952,464
14% Renewable Portfolio Standard 14%RPS 182,294 47,251 96,821 21,200 848,151

20% High Offshore Best Onshore Wind 20%HOBO 170,399 37,322 90,228 20,783 790,397
20% Low Offshore Distributed Onshore W 20%LODO 169,571 36,202 90,105 21,575 789,323
20% Low Offshore Best Onshore Wind 20%LOBO 169,504 37,548 90,252 21,758 790,612

20% High Solar Best Onshore Wind 20%HSBO 171,033 30,876 90,110 20,075 789,366
30% High Offshore Best Onshore Wind 30%HOBO 160,917 9,117 78,050 22,421 683,718
30% Low Offshore Distributed Onshore W  30%LODO 156,136 9,387 78,127 23,690 684,392
30% Low Offshore Best Onshore Wind 30%LOBO 159,229 7,010 78,146 24,368 684,557
30% High Solar Best Onshore Wind 30%HSBO 164,967 1,927 79,970 22,319 700,535

Operationally, the loadnet of renewable generation (i.e., LNRuvill drive the decisions and
algorithms for deployment of controllable resources (e,gonventional generating units,
energy transactions with neighboring markets and areas, and demand response). The LNR
analysis does not consider energy transactionsith neighboring markets and systems, so
the minimum hourly LNR values for each scenario cannot be used directly to assess
implications for the PJM generation fleet. The price of the excess energy during these
periods would be very low, and therefore presuwably attractive to outside purchasers;
energy sales could add significantly to the demand served by PJM resources.
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Table 1-4 depicts the maximum and minimum LNR hoursy year. The minimum net load
hour mentioned above (i.e. changing the minimum load from 66.6 GW to 30.9 GMVINR
occurs for the 20% HSBO scenario for load and renewable generation based on calendar
year 2005 profiles. With profiles from other calendayears, the minimum LNR for this
scenario is higher (35.9 GW and 36.5 GW). It is interesting to note that these absolute
minimum net loads have occurrences in the spring and fall seasons while the maximum net
loads trend to the summer mostly around July& 29 and August 4 for profiles 2005, 2006
and 2004 respectively.

Maximum net loads are also of interest. Looking at the maximum net load hour, it can be
seen from the tables that renewable generation in all of the scenarios reduces the PJM peak
net load (i.e., the portion of the load that must be served by generation other than wind and
solar) The amount of this reduction varies by scenario and year as would be expected from
the differing portfolios of wind and solar resources ireach scenario and thevariability
between years in terms of load, wind and PV resources. Scenarios with a greater proportion
of offshore wind do not reduce system peak load as much as the LOBO and LODO scenarios.
It should also be noted that a shift in the peaket load hourfrom noon to 2 PM to later in the
day (56 PM) occurs as penetration levels increase. This may be attributed to the effects of
solar PV being able to provide generation during the daylight hours.
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Table 1-4: Maximum and Minimum Net Load by Profile Year and Hour

LNR - 2004 Profile Year

Maximum Minimum
Scenario (MW) Maximum Hour (MW)  Minimum Hour
Load 170,758  08/04/2026 14:00 70,163 04/19/2026 1:00
2%BAU 170,420 08/04/2026 14:00 66,961 04/19/2026 1:00
14%RPS 163,364 08/04/2026 14:00 47,986 04/20/2026 0:00
20%HOBO 152,386  08/04/2026 15:.00 37,322 09/20/2026 2:00
20%LODO 156,276  08/04/2026 15:00 37,189 04/20/2026 0:00
20%LOBO 157,205 08/04/2026 15:00 38,137 04/20/2026 0:00
20%HSBO 154,650 08/04/2026 17:00 35,899 04/19/2026 11:0(
30%HOBO 143,827 08/04/2026 17:00 13,333 03/29/2026 12:0(
30%LODO 150,470 08/04/2026 17:00 16,966 04/20/2026 0:00
30%LOBO 150,772 08/04/2026 17:00 11,820 03/29/2026 12:0(
30%HSBO 151,154  08/04/2026 17:00 6,054 04/19/2026 11:0(

LNR - 2005 Profile Year

Maximum Minimum
Scenario (MW)  Maximum Hour  (MW)  Minimum Hour
Load 182,076  07/21/2026 12:00 66,583 05/25/2026 1:00
2%BAU 179,514 07/29/2026 13:00 65,183 05/25/2026 0:00
14%RPS 170,147 07/28/2026 13:00 47,251 11/01/2026 2:00
20%HOBO 161,057 07/28/2026 14:00 37,431 04/18/2026 1:00
20%LODO 160,433 07/28/2026 14:00 36,202 11/11/2026 1:00
20%LOBO 160,374 07/28/2026 14:00 37,548 11/11/2026 1:00
20%HSBO 157,986 07/28/2026 17:00 30,876 04/26/2026 11:0(
30%HOBO 153,800 07/28/2026 17:00 17,457 11/05/2026 0:00
30%LODO 152,228 07/28/2026 17:00 9,387 04/26/2026 12:0(
30%LOBO 153,336  07/28/2026 17:00 7,010 04/26/2026 12:0(
30%HSBO 154,216 07/28/2026 18:00 1,927 04/26/2026 11:0(

LNR - 2006 Profile Year

Maximum Minimum
Abbreviatior (MW)  Maximum Hour (MW)  Minimum Hour
Load 200,278  07/29/2026 13:00 69,178 04/12/2026 1:00
2%BAU 198,082 07/28/2026 13:00 66,282 04/12/2026 1:00
14%RPS 182,294  07/28/2026 13:00 49,870 03/28/2026 1:00
20%HOBO 170,399 07/27/2026 15:00 40,047 03/28/2026 1:00
20%LODO 169,571 07/28/2026 13:00 39,980 03/28/2026 1:00
20%LOBO 169,504 07/28/2026 11:00 40,767 04/12/2026 0:00
20%HSBO 171,033  07/29/2026 18:00 36,523 04/26/2026 11:0(
30%HOBO 160,917 07/29/2026 18:00 9,117 04/26/2026 11:0(
30%LODO 156,136 07/29/2026 18:00 13,312 10/24/2026 12:0(
30%LOBO 159,229 07/29/2026 18:00 10,125 04/26/2026 11:0(
30%HSBO 164,967 07/29/2026 18:00 6,253 04/26/2026 11.:0(

The section presents numerous statistical characteristics related to the wind and solar
resources for each of the study scenarios. However, it does not address capacity value,
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which requires its om specialized analysis based on LOLE and ELCC methods. Capacity
value of wind and solar resources are discussed in detail in another chapter of this report.

The initial part of this section examines the system logits development for the studyand
how it is modeled to be representative of the system study period. Ngke focusis on the
variability of wind and PV (renewable) generation as defined by the study scenarios, and how
it combines with the inherent variability of PJM load. The analysis will look at hourly data
over the entire three years of the available wind, PV and tbarofile data. Variability and
uncertainty are then examined with the 1dninute interval data. Finally the uncertainty and
error characteristics of various forecasts available for the chronological wind and PV
production data are analyzed including theday-ahead forecasts. Other techniques
important to the analysisand presented later in the report, such as persistence forecasts,
are also examined.

The analysis here is conducted on an aggregate basis for the enft@vifootprint; that is, the
total generation for each time interval (1dninute, 1-hour, as appropriate) is considered,
independent of where the individualind and solar resourcesnay be located. Differences
stemming from alternate locations of wind and PV generation for scenarios of similar
penetration are used to compare locationdfliversity effects. The transmission
infrastructure assumed for the studyscenarioswas not a factor in this analysisthis analysis
relates only to load, wind, and solar data

1.2 Load Analysis

Renewable resourcedy nature are variable and uncertain Weather plays a significant role.
Load variability, while perhaps having uncertainty to a lesser degreés also affected by
weather. For this reason the project team determinetthat it would use coincidental load
and renewable data(i.e., chronologically synchronized load and renewable data from the
same calendar years) PJM provided Bninute chronological load data from October 2004
through December 2006.Hourly load data for 2004, 2005 and 2006 for each PJM ar@as
obtained and aggregated to create the PJM total system load. Each year of load dats
escalated to he project study year 2026.Throughout this reportload magnitudes for 2026
will be shown and to distinguish the origin of the study datea reference to the profile used
(i.e.,2004, 2005 0r 2006) willalso be shown.

Load data has inherent weekly patterns For example when full weeks of load data are
plotted, a trained eye can identify te weekday and weekend trends.For this reason it is
important to align, by day of the weekthe load data from the profile years withthe load
data of the study year. January 1, 2026 is a Thursday and January 1, 2004 is also a
Thursday and hence,there is no adjustment to the 2004 profile to align the days e
week. Since January 1, 2005 is a Saturday and January 1, 2006 is a Surgta¥ile shapes
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for these years of study data are shifted. Accordingly align day of the week between
these profile yearsJanuary 1, 2026 is mapped to January 6, 2005 and fanuary 5, 2006.

To maintain the chronology of data for the study yeaDecember 31, 2026 profile 2005 maps

to January 6, 2006. December 31, 2026 profile 2006 exceeds the end of the 2006 profile so
the last four days repeat the 2006 profile days fromddember 25 through December 28.
Figurel-1, Figure1l-2 and Figure1-3 show plots of each profile year and the mapping to the
escalated systemload for the 2026 study period.The blue traces are the raw load data from
2004 and the green traces are the scaled and tiraadjusted profiles for 2026.
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Figure 1-1: Weekday Alignment of 2004 Load Escalatd to 2026 (MW)
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Figure 1-2: Weekday Alignment of 2005Load Escalated to 2026(MW)
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Figure 1-3: Weekday Alignment of 2006Load Escalated to 2026(MW)

The renewable chronological data is provided witlCoordinated Universal TimeUTG
timestamp. This data is converted to Eastern Standard TifleSTas shown inTable 1-5,
below.

Table 1-5: Hour of Day Alignment

EST Hour Ending  UTC Hour Ending
Study Period 2026 1/1/26 1:00 1/1/2026 6:00
Mapping to 2004 profile 1/1/2004 1:00 1/1/2004 6:00
Mapping to 2005 Profile 1/6/2005 1:00 1/6/2005 6:00
Mapping to 2006 Profile 1/5/2006 1:00 1/5/2006 6:00

Figure 1-4, Figure 1-5 and Figure 1-6 show seasonal, monthly and weekly energy for the
study load for each profile year.When examining the seasonal variabilityit is noted the
largest difference in seasonal energgemand is approximately 60 TWh between the spring
and summer of the 2005 profe. Examining the monthly energyn Figure 1-5, it can be
observed thatJanuary, June, July, August and Decembkave the highestenergy demand,
with differences no more than 20 TWh. Looking closer at the weetthmand inFigure 1-6,
there is an observable change from week to week that trends toward the expected seasonal
behavior.
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Seasonal Load Demand by Profile Year
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Figure 1-4: Seasonal Load Energy by Profile Year

Monthly Load Demand by Profile Year
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Figure 1-5: Monthly Load Energy by Profile Year
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Weekly Load Demand by Profile Year
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Figure 1-6: Weekly Load Energy by Profile Year

Another wayof examining load is by plotting d.oad Duration @rve (LDC) LDCprovides a
visual means of looking at the hourly load values neshronologically so that one can view
over the full 8760 hours in the year limits of loads that can be challenging, such las peak
or low load periods. Plotting the three study profile loads on the same graph shows periods
that may be of particular interest. As depicted inFigure 1-7, it can be seen thatifferent
years being analyzed in the study have a comparableDCs This does not mearnhat the
chronological loads are the same between profile years. It just showsttlthe load profiles
have different hourly values of load throughout the year.
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Load Duration Curves for 2026 from Profiles 2004, 2005 and 2006
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Figure 1-7: Load Duration Curves of Study Year for EaciAnnual Profile

Load magnitude variesrfiom hour to hour. Thisvariability can be examined by looking at the
hourly change and ranking the change from high to low. This curvesimilar to LDC,
provides a way of examining the hourly yppamps and down-ramps in load magnitude for
the three profile years.Figure 1-8, Figure 1-9, and Figure 1-10 plot the hour to hour change
in load and provide the values of the largest ugamp and downramp for eachannual load
profile. The largest ugramps and down-ramps can be identified along with a sense of the
number of hours in the year that have large upamps or downramps. The majority of
hourly ramps in each profile fall within the band of +5,000 MW.
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Load Up and Down Ramps over One Year (2004 Profile)
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Figure 1-8: Hour To Hour Load RampDuration Curve for Study Year with 2004 Profile

Load Up and Down Ramps over One Year (2005 Profile)
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Figure 1-9: Hour To Hour Load Ramp Duration Curve for Study Year ith 2005 Profile
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Load Up and Down Ramps over One Year (2006 Profile)
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Figure 1-10: Hour To Hour Load Ramp Duration Curvedr Study Year with 2006 Profile

1.3 Renewable Generation Variability

The time horizons- for which wind generation variability is important for power system
operations - range from tens ofseconds to seasons. Over shorter horizons, the variability
appears as almost random due to the extremely large number of factors that can influence
production over this time frame.

Nine scenarios plus a reference scenario are described in this sectidfariable generation
renewable resources consist of Wind, Centr&V (with singleaxis tracking), Distributed
Commercial PV and Distributed Residential PV. Summary information for each resource type
in each scenario is shown iTable 1-6 below?. This table shows the aggregated Wind, PV
and Total Renewable as a single resource type providing the Reference capa(ity.,
installed capacity of that resource type)energy and capacity factor for each. In general for
all of the scenarios the aggregated wind has a capdyg factor in the range of 38% tc40%.
Solar PV - which includes the single axis Central PV and Bilsuted PV (Commercial and
Residential} has capacity values ranging from 18% to 20%.When looking at all renewables

as an aggregated resourcethe capacity values of the combined wind and PV range from a

2 It should be noted the data shown in this table is more recent than the task 2 report in that offshore wind energy was
updated that resulted in reducing the number of offshore sites to satisfy the energy requirement for the 20% and 30%
scenarios.
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low of 28% toa high of 38% with the reference ase having a capacity factor of close to
38%.

Table 1-6: Summary of Each Scenario Renewable Resource By Resource Type

2006 Profile Wind Total PV Total Renewable
Ref Ref Ref
Capacity] Energy | Capacity| Capacity] Energy | Capacity] Capacity] Energy | Capacity
Scenario MW GWh Factor MW GWh | Factor MW GWh | Factor
Reference (BAU) 5,124 17,087 38.19 71 124 19.89 5193 17,211 37.89
14% Base (RPS) 32,833 111,22 38.79 7,355 11,784 18.3%4 40,184 123,001 34.99

20% High Offshore Best Sites (HOBO) 44,213 150,06f 38.7% 18,491 29,423 18.2% 62,704 179,490 32.79
20% Low Offshore Dispersed (LOD®) 45,794 153,324 38.29 18,491 29,423 18.29 64,284 182,75 32.59
20% Low Offshore Best Sites (LOBP) 44,303 152,213 39.2% 18,491 29,423 18.2% 62,794 181,63% 33.09
20% High Solar Best Sites (HSBO) 36,254 123,714 39.09 37,024 58,894 18.29 73,274 182,611 28.49
30% High Offshore Best Sites (HOBO) 68,294 228,556 38.29 35,64 58,053 18.6% 103,939 286,604 31.59
30% Low Offshore Dispersed (LOD®) 70,164 231,357 37.69 35,648 58,053 18.6% 105,812 289,410 31.29
30% Low Offshore Best Sites (LOBD) 66,711 231,27{ 39.6% 35,645 58,053 18.6% 102,351 289,329 32.39
30% High Solar Best Sites (HSBO) 52,554 183,14( 39.89 56,344 90,664 18.4% 108,903 273,804 28.79

A similar table showing the specific breakdown of PV resouscby typeis shown inTable
1-7. As shown in this tablethe central PV stationswhich have single axistracking, have
capacity factors between 20% and 21%while capacity fa¢ors of Distributed Commercial
PV sites (fixed panels) ateetween 16% and 17%. Distributed Residential PV installations
have lower capacity ratings and diversified locations with installation positions depending
upon the slant and tilt of residential costruction, which is whythis resource type ha the
lowest capacity factor of the three PV resources.e.,between 15% and 16%.

Table 1-7: Variable Generation Summaly for Each Scenario by Including Wind andAll PV Resource Types

2006 Profile Wind Central PV Distributed Commercial Distributed Residential
Ref Ref Ref Ref
Capacity| Energy | Capacity| Capacity| Energy | Capacity] Capacity| Energy | Capacity| Capacity| Energy [ Capacity|
Scenario MW GWh Factor MW GWh Factor MW GWh Factor MW GWh Factor
Reference (BAU) 5,127 17,087 38.1% 71 124 19.89 - - - - - -
14% Base (RPS) 32,833 111,225 38.7% 3,253 5,770 20.29 3,251 4,811 16.99 851 1,207 16.19

20% High Offshore Best Sites (HOBO) 44,213 150,067 38.79 8,074 14,774 20.99 8,265 11,723 16.29 2,144 2,921 15.69
20% Low Offshore Dispersed (LODD) 45,794 153,329 38.29 8,079 14,774 20.99 8,265 11,72 16.29 2,144 2,927 15.69
20% Low Offshore Best Sites (LOBO) 44,303 152,217 39.29 8,079 14,774 20.99 8,265 11,723 16.29 2,144 2,927 15.69
20% High Solar Best Sites (HSBO) 36,254 123,714 39.09 16,199 29,598 20.99 16,53( 23,445 16.29 4,294 5,853 15.69
30% High Offshore Best Sites (HOBO) 68,294 228,55 38.29 18,29( 33,637 21.09 13,775 19,534 16.29 3,58( 4,874 15.69
30% Low Offshore Dispersed (LODP) 70,164 231,359 37.69 18,29( 33,631 21.09 13,775 19,534 16.29 3,580 4,874 15.69
30% Low Offshore Best Sites (LOBO) 66,711 231,271 39.69 18,29( 33,637 21.09 13,779 19,534 16.29 3,580 4,874 15.69
30% High Solar Best Sites (HSBO) 52,551  183,14( 39.8Y 217,270 49,314 20.6Y 23,076 33,081 16.49 6,000 8,261 15.79
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1.3.1 Variability d Energy Production Summary

Figurel-11 shows te energy delivery by month for all renewable generation scenarioBhe
monthly values reflect the average hourly production data from three profile years for the
PJM system. It carbe seen from this figurethat the wind and PVgeneration in each
scenario tend tosomewhat balance out in eachmonth such that when wind production is
low, PV production is highand when wind production is high, PV production is low.
However, it is also evident that the spring and winter months have a higher renewable
energy production than the summer months.
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Figure 1-11: Monthly Energy Production by All Renewable Resourceg¢Average of 3 Years)

Figure 1-12, shows another way of displaying renewable production by scenario for each
season.
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Figure 1-12: RenewableEnergy Production by Season and Scenariodr 2006 Profile Yean3 Year Average

In general, the scenarios are quite similar with respect to monthly and seasonal energy
production characteristics. For the most parf the highest productionoccurs during spring,
closely followed by the winter, with the lowest production ithe summer. The composite
nature of each scenario (different mixture of on and offshore wind plantsentral and
distributed PV plants, differing geographic characterist, etc.) and averaging the seasonal
production, are most likely responsible for attenuating the contrasts regarding energy
production.

1.3.2 Capacity Factor

Averagerenewable resourcecapacity factors over the three years of data for each scenario

is shown inFigure 1-13. The 2% BAU and 14% RPS scenarios have the largest capacity
factors for total renewables at 38% and 35% respectivelyNote that for the 2% BAU
scenario, the renewable resource is nearly all wind, which explains the high capacity factor
for that scenario. Other scenarios have significant PV solar in the mbhe lowest capacity
factors (28% and 29%)are associated with he high solar (HSBO)}cenarios. The high
offshore scenarios did not exhibit any additional benefit with regard to capacity factor that
might be attributed to the geographical location of the offshore sites (lower latitude sites
tend to havelower average wind speeds than higher latitudes on the east shorepnother
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factor is that the scenarios selected with high offshore wind alsacluded the best onshore
wind sites.

Capacity factors for the 30% scenarios tend to be lower than tin€0% counterparts sine

the site selection process selected the best sites first for the 20% scenarios with lower
capacity factor sites available for selection in the 30% scenarios. The difference of about 1%
in capacity factor between the 20% and 30% penetration levels can béributed to the site
selection process and the increase of PV sites.
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Figure 1-13: Average Annual Capacity Factor for Each Scenario ad By Year

Figure1l-14 shows the capacity factor breakdown between ofpeak (00:00 04:499) and on
peak (5:008 11:59). The 2% and 14% RPS scenarios have larger-pH#ak capacity factors
than on-peak because of the geater proportion of wind in these two scenarios. This is
consistent with wind having greater generation in the early morning hours of the day.
Larger amounts of Solar PV included in the 20% and 30% scenarios increase theeak
capacity factors. In paticular, the High Solar scenarios have a greater difference between
the on-peak andthe off-peak capacity factors indicative of an increase in Solar PV sites
reduction in wind, and shiftingof energy productionfrom off-peak to onpeak.
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Figure 1-14: Off Peak and OnrPeakCapacity Factor by Season for All ScenariogAverage Over3 Years)

1.3.3 Hourly Variability é Diurnal Characteristics

The largescale meteorological phenomena that drive wind and PV generati@xhibit cycles

that are non-integer multiples of 24 hour days. In addition, other wind generation drivers,
such as sea breezes or atmospheric mixing can correspond to diurnal cycles in certain
seasons. Averaging by hour of the day over an extended jperisuch as a season can help
reveal these patterns. Figure 1-15 through Figure 1-18 show the average daily profiles of

the aggregated Wind and PV generation for each scenario by season.

The winter profile shown irFigure1-15 showslower generation from midnight until about 10

a.m. at which time the PV generation begins to ramp up until the afternoon when PV
generation starts to ramp down. By 7 p.m. to 8 p.m. Wind generation becomes the prima

resourcethat servesload. The geographical span of PJM from the east coast to raidest
(multiple time zones) provides an extended period of day light hours for PV generation. This
can be seen in each of the seasonal plots whénh e PV

Obunderds.begi ns

The average spring profiles ifrigure 1-16 show the increase in wind thatcontributes to

more exaggerated peaks in the 20% and 30% HSBE&tenarics. The increase in daylight

period compared to thewinter season also contributes to the increasing daytime profiles.
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The average summer profiles ifigure 1-17 show a much lower contribution of windn the
early morning and late evening hourswhile PV provides generation for more hours in the
day during this season.

The average fall profile irFigure 1-18 is similar to the spring profile. As a side notthe
similarity of the LOBO and LODO profiles in this analysis is the resuttvefaging the data
over many hours However,noteworthy observation here is that LOBO and LODO have the
same amountof wind energy but in different locations. From an overall PJM point of view,
the profiles are similar. Differences in impacts would be related to regional issues within
portions of the PIM network.
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Hour of Day

Figure 1-15: Average Daily Windand PV Generatbn d Winter Profile (3 Years ¢ Data)
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Average Daily Profile Spring
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Figure 1-16: Average Daily Windand PVProfile 8 Spring Profile (3 Years bData)

Average Daily Profile Summer
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Figure 1-17: Average Daily Windand PVGeneration 8 Summer Profile (3 Years of Bta)
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Average Daily Profile Fall
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Figure 1-18: Average Daily Wind and PVProfile d Fall Profile (3 Years 6éData)

To reveal more datils about the behavior of the aggregate renewable productigreach
scenario was examined for each month over ththree year profile periods. Figure 1-19
through Figure 1-28 show the hourly average daily production by month for each scenario
along with the maximum and minimum values for each hourEach trace is a series of
twelve daily profiles, one 2our profile for each month of the year.

The trends noted previously are again evident here, withe highest productionin the winter
and spring seasons, and théowest production in the summer. Th 2% BAU scenario does
not have an apparent PV influencéonly 71 MW PV compared to 5122 MW winghile the
penetration of the PV increase in the 14% scenario begins to show a more defined daily
generation contribution. Daily PV production is most obsehla in each month when
penetration increases as shown in the 20% and 30% scenarios. The diurnal behavior of
wind is apparent in the 2% and 14% and can be observed in the higher penetration cases
however the PV contribution to the aggregate is beneficiahse it generally increases while
wind trends down and decreases while wind trends up. This is also true when making a
month to month comparison since PV has lower generation in the winter months when wind
is largest and highest in the summer months whenind is lowest.

In general for the 20% and 30% scenariowind and solar PV complement each other where
the PV contribution is greatest during the daytime hours when sun is highest in the sky.
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Average Day Profile by Month 2% BAU

5
=
122 " A
§ 4 e ,‘."'l < 2 =y .
5 - TR \ N

7 ~1 \/
3 \\.’ N T mnr PR N ’ L !
53 ' Ny AV AN | AN :"'

4

= B - PL N \/\/ 2%BAUM
5 A arrTh e~ --- ax
3 WWM v N YA \‘..’ t J
T 2 N/ v V! 2% BAU Average
¥ - g N
g . . . - '\/‘/\w e ;= = = 2BAUMIn
AP Vi VAY 7 e \, 7 , \ s 4

v [ ose ) \ s~ Avs A !

- - ~7ro Nay s (A RNV N —u’ \ /’ ‘
0 -

v ? ? 1 1 v y ? T 1 v

1713191 713191713191 713191 713191 713191 713191 713191 7 13191 71319 1 7 1319 1 7 1319

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Hour of Day in Month

Figure 1-19: Average Daily Patterns by Month For 2% BAUScenario; Maximum and Minimum Values
Indicated By Dashed Lines

Average Day Profile by Month 14% RPS
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Figure 1-20: Average Daily Patterns by Month for 14% RPSScenario; Maximum and Minimum Values
Indicated By Dashed Lines

Average Day Profile by Month 20% HSBO
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Figure 1-21: Average Daily Patterns by Month For 20% HSBO Scenario; Maximum and Minimum Values
Indicated By Dashed Lines
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Figure 1-22: Average Daily Patterns by Month For 20% LOBCScenario; Maximum and Minimum Values
Indicated By Dashed Lines

Figure 1-23: Average Daily Patterns by Month For 20% LODGScenario; Maximum and Minimum Values
Indicated By Dashed Lines

Figure 1-24: Average Daily Patterns by Month For 20% HOBGScenario; Maximum and Minimum Values
Indicated By Dashed Lines
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