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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 of 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 forecast 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 and uncertainty 

across many operational time frames.  Renewable resource variability and uncertainty 

increase the overall variability and uncertainty of net load (system load net of renewable 

generation). 

The main purpose of the analysis provided in this section is 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 

quantitative conclusions about operating impacts directly from statistics of wind, PV and 

load data.  While certain features may stand out from a system operations perspective ð 

such as a difference in time when peak and net load peak occur ð several other factors must 

be considered to determine 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 in Table 1-1.  Scenarios were defined in consultation 

with PJM1, and renewable wind and PV sites were selected from the data available in the 

NREL databases.  Chronological production data at 10-minute intervals over the calendar 

years of 2004, 2005 and 2006 were extracted and 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 resources examine the aggregate production i.e. the total generation of all wind 

and PV sites in each scenario. 

                                                      

1 Please see PJM PRIS Task 2 Report: òScenario Development and Analysisó 
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PJM provided 5-minute resolution load for the same calendar years as the renewable 

production data, since system load can be affected by weather conditions and renewable 

generation is also weather related.  The load data was escalated with PJM guidance to make 

the data sets representative of the future study year. 

 

Table 1-1: Renewable Scenario Descriptions with Wind and Solar Installed Capacity 

 

 

The first row of Table 1-2 summarizes the PJM load for 2004, 2005 and 2006 profiles, scaled 

for the study year.  The remaining rows show statistics pertaining to renewable generation 

for each scenario.  Load Net of Renewable generation (LNR) is summarized in Table 1-3.  

Both tables present the aggregate annual energy statistics, contribution of renewable 

energy during peak load hours for each scenario, and the minimum net load.   

 

Scenario Abbreviation

Installed 

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
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Table 1-2: Summary Statistics for PJM 2026 Load and Renewable Energy Production by Scenario 

 

 

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

 

 

Operationally, the load net of renewable generation (i.e., LNR) will drive the decisions and 

algorithms for deployment of controllable resources (e.g., conventional generating units, 

energy transactions with neighboring markets and areas, and demand response).  The LNR 

analysis does not consider energy transactions with 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 presumably attractive to outside purchasers; 

energy sales could add significantly to the demand served by PJM resources. 

Scenario Abbreviation

Maximum

(MW)

Minimum

 (MW)

Average

(MW)

Std. 

Deviation

(MW)

Average 

Annual 

Energy

(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 Wind20%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 Wind30%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

Scenario Abbreviation

Maximum

(MW)

Minimum

 (MW)

Average

(MW)

Std. 

Deviation

(MW)

Net 

Average 

Annual 

Energy

(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 Wind20%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 Wind30%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
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Table 1-4 depicts the maximum and minimum LNR hours by year.  The minimum net load 

hour mentioned above (i.e. changing the minimum load from 66.6 GW to 30.9 GW of LNR) 

occurs for the 20% HSBO scenario for load and renewable generation based on calendar 

year 2005 profiles.  With profiles from other calendar years, 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 28, 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 in each scenario and the variability 

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 peak net load hour from noon to 2 PM to later in the 

day (5-6 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 

 

 

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, 

Scenario

Maximum

(MW) Maximum Hour

Minimum

 (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 11:00

30%HOBO 143,827 08/04/2026 17:00 13,333 03/29/2026 12:00

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 12:00

30%HSBO 151,154 08/04/2026 17:00 6,054 04/19/2026 11:00

Scenario

Maximum

(MW) Maximum Hour

Minimum

 (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 11:00

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 12:00

30%LOBO 153,336 07/28/2026 17:00 7,010 04/26/2026 12:00

30%HSBO 154,216 07/28/2026 18:00 1,927 04/26/2026 11:00

Abbreviation

Maximum

(MW) Maximum Hour

Minimum

 (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 11:00

30%HOBO 160,917 07/29/2026 18:00 9,117 04/26/2026 11:00

30%LODO 156,136 07/29/2026 18:00 13,312 10/24/2026 12:00

30%LOBO 159,229 07/29/2026 18:00 10,125 04/26/2026 11:00

30%HSBO 164,967 07/29/2026 18:00 6,253 04/26/2026 11:00

LNR - 2005 Profile Year

LNR - 2004 Profile Year

LNR - 2006 Profile Year
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which requires its own 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 load, its development for the study, and 

how it is modeled to be representative of the system study period.  Next, the focus is 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 load profile data.  Variability and 

uncertainty are then examined with the 10-minute interval data.  Finally the uncertainty and 

error characteristics of various forecasts available for the chronological wind and PV 

production data are analyzed including the day-ahead forecasts.  Other techniques 

important to the analysis and presented later in the report, such as persistence forecasts, 

are also examined.  

The analysis here is conducted on an aggregate basis for the entire PJM footprint; that is, the 

total generation for each time interval (10-minute, 1-hour, as appropriate) is considered, 

independent of where the individual wind and solar resources may be located.  Differences 

stemming from alternate locations of wind and PV generation for scenarios of similar 

penetration are used to compare locational/diversity effects.  The transmission 

infrastructure assumed for the study scenarios was not a factor in this analysis; this analysis 

relates only to load, wind, and solar data. 

 

1.2 Load Analysis 

Renewable resources by nature are variable and uncertain.  Weather plays a significant role.  

Load variability, while perhaps having uncertainty to a lesser degree, is also affected by 

weather.  For this reason the project team determined that it would use coincidental load 

and renewable data (i.e., chronologically synchronized load and renewable data from the 

same calendar years).  PJM provided 5-minute chronological load data from October 2004 

through December 2006.  Hourly load data for 2004, 2005 and 2006 for each PJM area was 

obtained and aggregated to create the PJM total system load.  Each year of load data was 

escalated to the project study year 2026.  Throughout this report, load magnitudes for 2026 

will be shown; and to distinguish the origin of the study data, a reference to the profile used 

(i.e., 2004, 2005, or 2006) will also be shown. 

Load data has inherent weekly patterns.  For example when full weeks of load data are 

plotted, a trained eye can identify the weekday and weekend trends.  For this reason it is 

important to align, by day of the week, the load data from the profile years with the 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 of the 

week.  Since January 1, 2005 is a Saturday and January 1, 2006 is a Sunday, profile shapes 
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for these years of study data are shifted.  Accordingly, to align day of the week between 

these profile years, January 1, 2026 is mapped to January 6, 2005 and to January 5, 2006.  

To maintain the chronology of data for the study year, December 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 from December 25 through December 28.  

Figure 1-1, Figure 1-2 and Figure 1-3 show plots of each profile year and the mapping to the 

escalated system load for the 2026 study period.  The blue traces are the raw load data from 

2004 and the green traces are the scaled and time-adjusted profiles for 2026. 

 

 

Figure 1-1: Weekday Alignment of 2004 Load Escalated to 2026 (MW) 

 

 

Figure 1-2: Weekday Alignment of 2005 Load Escalated to 2026 (MW) 
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Figure 1-3: Weekday Alignment of 2006 Load Escalated to 2026 (MW) 

 

The renewable chronological data is provided with Coordinated Universal Time (UTC) 

timestamp.  This data is converted to Eastern Standard Time (EST) as shown in Table 1-5, 

below. 

 

Table 1-5: Hour of Day Alignment 

 

 

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 variability, it is noted the 

largest difference in seasonal energy demand is approximately 60 TWh between the spring 

and summer of the 2005 profile.  Examining the monthly energy in Figure 1-5, it can be 

observed that January, June, July, August and December have the highest energy demand, 

with differences no more than 20 TWh.  Looking closer at the weekly demand in Figure 1-6, 

there is an observable change from week to week that trends toward the expected seasonal 

behavior. 
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Figure 1-4: Seasonal Load Energy by Profile Year 

 

 

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

 

Another way of examining load is by plotting a Load Duration Curve (LDC).  LDC provides a 

visual means of looking at the hourly load values non-chronologically so that one can view 

over the full 8760 hours in the year limits of loads that can be challenging, such as the 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 in Figure 1-7, it can be seen that different 

years being analyzed in the study have a comparable LDCs.  This does not mean that the 

chronological loads are the same between profile years.  It just shows that the load profiles 

have different hourly values of load throughout the year.   
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Figure 1-7: Load Duration Curves of Study Year for Each Annual Profile 

  

Load magnitude varies from hour to hour.  This variability can be examined by looking at the 

hourly change, and ranking the changes from high to low.  This curve, similar to LDC, 

provides a way of examining the hourly up-ramps 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 up-ramp and down-ramp for each annual load 

profile.  The largest up-ramps and down-ramps can be identified along with a sense of the 

number of hours in the year that have large up-ramps or down-ramps.  The majority of 

hourly ramps in each profile fall within the band of +/- 5,000 MW. 
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Figure 1-8: Hour To Hour Load Ramp Duration Curve for Study Year with 2004 Profile 

 

 

Figure 1-9: Hour To Hour Load Ramp Duration Curve for Study Year with 2005 Profile 
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Figure 1-10: Hour To Hour Load Ramp Duration Curve for 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 of seconds 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 section.  Variable generation 

renewable resources consist of Wind, Central PV (with single-axis tracking), Distributed 

Commercial PV and Distributed Residential PV.  Summary information for each resource type 

in each scenario is shown in Table 1-6 below2.  This table shows the aggregated Wind, PV 

and Total Renewable as a single resource type providing the Reference capacity (i.e., 

installed capacity of that resource type), energy and capacity factor for each.  In general for 

all of the scenarios the aggregated wind has a capacity factor in the range of 38% to 40%.  

Solar PV - which includes the single axis Central PV and Distributed PV (Commercial and 

Residential) - has capacity values ranging from 18% to 20%.  When looking at all renewables 

as an aggregated resource, the 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% to a high of 38% with the reference case having a capacity factor of close to 

38%. 

 

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

 

 

A similar table showing the specific breakdown of PV resources by type is shown in Table 

1-7.  As shown in this table, the central PV stations, which have single axis tracking, have 

capacity factors between 20% and 21%, while capacity factors of Distributed Commercial 

PV sites (fixed panels) are between 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 construction, which is why this resource type has the 

lowest capacity factor of the three PV resources - i.e., between 15% and 16%.  

 

Table 1-7: Variable Generation Summary for Each Scenario by Including Wind and All PV Resource Types 

 

 

2006 Profile

Scenario

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Reference (BAU) 5,122 17,087 38.1% 71 124 19.8% 5,193 17,211 37.8%

14% Base (RPS) 32,833 111,225 38.7% 7,355 11,782 18.3% 40,188 123,007 34.9%

20% High Offshore Best Sites (HOBO) 44,213 150,067 38.7% 18,491 29,423 18.2% 62,704 179,490 32.7%

20% Low Offshore Dispersed (LODO) 45,792 153,329 38.2% 18,491 29,423 18.2% 64,284 182,752 32.5%

20% Low Offshore Best Sites (LOBO) 44,303 152,212 39.2% 18,491 29,423 18.2% 62,794 181,635 33.0%

20% High Solar Best Sites (HSBO) 36,254 123,714 39.0% 37,024 58,896 18.2% 73,278 182,611 28.4%

30% High Offshore Best Sites (HOBO) 68,294 228,556 38.2% 35,645 58,053 18.6% 103,939 286,609 31.5%

30% Low Offshore Dispersed (LODO) 70,167 231,357 37.6% 35,645 58,053 18.6% 105,812 289,410 31.2%

30% Low Offshore Best Sites (LOBO) 66,711 231,277 39.6% 35,645 58,053 18.6% 102,357 289,329 32.3%

30% High Solar Best Sites (HSBO) 52,557 183,140 39.8% 56,346 90,664 18.4% 108,903 273,804 28.7%

Wind Total PV Total Renewable

2006 Profile

Scenario

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Ref 

Capacity 

MW

Energy 

GWh

Capacity 

Factor

Reference (BAU) 5,122 17,087 38.1% 71 124 19.8% - - - - - -

14% Base (RPS) 32,833 111,225 38.7% 3,253 5,770 20.2% 3,251 4,811 16.9% 851 1,202 16.1%

20% High Offshore Best Sites (HOBO) 44,213 150,067 38.7% 8,078 14,774 20.9% 8,265 11,723 16.2% 2,148 2,927 15.6%

20% Low Offshore Dispersed (LODO) 45,792 153,329 38.2% 8,078 14,774 20.9% 8,265 11,723 16.2% 2,148 2,927 15.6%

20% Low Offshore Best Sites (LOBO) 44,303 152,212 39.2% 8,078 14,774 20.9% 8,265 11,723 16.2% 2,148 2,927 15.6%

20% High Solar Best Sites (HSBO) 36,254 123,714 39.0% 16,198 29,598 20.9% 16,530 23,445 16.2% 4,296 5,853 15.6%

30% High Offshore Best Sites (HOBO) 68,294 228,556 38.2% 18,290 33,637 21.0% 13,775 19,538 16.2% 3,580 4,878 15.6%

30% Low Offshore Dispersed (LODO) 70,167 231,357 37.6% 18,290 33,637 21.0% 13,775 19,538 16.2% 3,580 4,878 15.6%

30% Low Offshore Best Sites (LOBO) 66,711 231,277 39.6% 18,290 33,637 21.0% 13,775 19,538 16.2% 3,580 4,878 15.6%

30% High Solar Best Sites (HSBO) 52,557 183,140 39.8% 27,270 49,316 20.6% 23,076 33,087 16.4% 6,000 8,261 15.7%

Wind Central PV Distributed Commercial Distributed Residential
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1.3.1 Variability ð Energy Production Summary 

Figure 1-11 shows the energy delivery by month for all renewable generation scenarios.  The 

monthly values reflect the average hourly production data from three profile years for the 

PJM system.  It can be seen from this figure that the wind and PV generation in each 

scenario tend to somewhat balance out in each month such that when wind production is 

low, PV production is high, and 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. 

 

 

Figure 1-11: Monthly Energy Production by All Renewable Resources (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: Renewable Energy Production by Season and Scenario for 2006 Profile Year (3 Year Average) 

 

In general, the scenarios are quite similar with respect to monthly and seasonal energy 

production characteristics.  For the most part, the highest production occurs during spring, 

closely followed by the winter, with the lowest production in the summer.  The composite 

nature of each scenario (different mixture of on and offshore wind plants, central and 

distributed PV plants, differing geographic characteristics, etc.) and averaging the seasonal 

production, are most likely responsible for attenuating the contrasts regarding energy 

production.  

 

1.3.2 Capacity Factor 

Average renewable resource capacity factors over the three years of data for each scenario 

is shown in Figure 1-13.  The 2% BAU and 14% RPS scenarios have the largest capacity 

factors for total renewables at 38% and 35% respectively.  Note 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 mix.  The lowest capacity 

factors (28% and 29%) are associated with the high solar (HSBO) scenarios.  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 have lower average wind speeds than higher latitudes on the east shore).  Another 
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factor is that the scenarios selected with high offshore wind also included the best onshore 

wind sites. 

Capacity factors for the 30% scenarios tend to be lower than their 20% counterparts since 

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 be attributed to the site 

selection process and the increase of PV sites.  

 

 

Figure 1-13: Average Annual Capacity Factor for Each Scenario and By Year 

 

Figure 1-14 shows the capacity factor breakdown between off-peak (00:00 ð 04:499) and on-

peak (5:00 ð 11:59).  The 2% and 14% RPS scenarios have larger off-peak capacity factors 

than on-peak because of the greater 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 the on-peak 

capacity factors.  In particular, the High Solar scenarios have a greater difference between 

the on-peak and the off-peak capacity factors, indicative of an increase in Solar PV sites, 

reduction in wind, and shifting of energy production from off-peak to on-peak. 
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Figure 1-14: Off-Peak and On-Peak Capacity Factor by Season for All Scenarios (Average Over 3 Years) 

 

1.3.3 Hourly Variability ð Diurnal Characteristics  

The large-scale meteorological phenomena that drive wind and PV generation, exhibit 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 period such 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 in Figure 1-15 shows lower 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 primary 

resource that serves load.  The geographical span of PJM from the east coast to mid-west 

(multiple time zones) provides an extended period of day light hours for PV generation.  This 

can be seen in each of the seasonal plots when the PV òbumpó begins and ends.   

The average spring profiles in Figure 1-16 show the increase in wind that contributes to 

more exaggerated peaks in the 20% and 30% HSBO scenarios.  The increase in daylight 

period compared to the winter season also contributes to the increasing daytime profiles. 
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The average summer profiles in Figure 1-17 show a much lower contribution of wind in the 

early morning and late evening hours, while PV provides generation for more hours in the 

day during this season. 

The average fall profile in Figure 1-18 is similar to the spring profile.  As a side note, the 

similarity of the LOBO and LODO profiles in this analysis is the result of averaging the data 

over many hours.  However, noteworthy observation here is that LOBO and LODO have the 

same amount of 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 PJM network. 

 

 

Figure 1-15: Average Daily Wind and PV Generation ð Winter Profile (3 Years of Data) 
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Figure 1-16: Average Daily Wind and PV Profile ð Spring Profile (3 Years of Data) 

 

 

Figure 1-17: Average Daily Wind and PV Generation ð Summer Profile (3 Years of Data) 
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Figure 1-18: Average Daily Wind and PV Profile ð Fall Profile (3 Years of Data) 

 

To reveal more details about the behavior of the aggregate renewable production, each 

scenario was examined for each month over the three 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 hour.  Each trace is a series of 

twelve daily profiles, one 24-hour profile for each month of the year. 

The trends noted previously are again evident here, with the highest production in the winter 

and spring seasons, and the lowest production in the summer.  The 2% BAU scenario does 

not have an apparent PV influence (only 71 MW PV compared to 5122 MW wind) while the 

penetration of the PV increase in the 14% scenario begins to show a more defined daily 

generation contribution.  Daily PV production is most observable 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 beneficial since 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 when wind is lowest.   

In general for the 20% and 30% scenarios, wind 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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Figure 1-19: Average Daily Patterns by Month For 2% BAU Scenario; Maximum and Minimum Values 

Indicated By Dashed Lines 

 

 

Figure 1-20: Average Daily Patterns by Month for 14% RPS Scenario; Maximum and Minimum Values 

Indicated By Dashed Lines 

 

 

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% LOBO Scenario; Maximum and Minimum Values 

Indicated By Dashed Lines 

 

 

Figure 1-23: Average Daily Patterns by Month For 20% LODO Scenario; Maximum and Minimum Values 

Indicated By Dashed Lines 

 

 

Figure 1-24: Average Daily Patterns by Month For 20% HOBO Scenario; Maximum and Minimum Values 

Indicated By Dashed Lines 

 










































































































































