
Section 2   Wind Scenario Development

2.1. Introduction
Through a collaborative process, four wind scenarios where developed for analysis in this project.  The idea behind multiple scenarios was to see the effect of different geographic positioning of the wind resources at 20% of the expected load for 2024 and to understand the effect f increasing the wind penetration to 30%.
This section briefly describes the wind plant database developed for this project.  The data was developed under a previous project NREL by AWS Truewind.  The final report for that work is published as NREL AWS Truewind Eastern Mesoscale Wind Data
.  
The process for scenario development is described briefly and the resulting four wind scenarios are described.  Because of the very significant volume of data, for both the database as a whole and the scenarios defined and developed for use in the study, the documentation is necessarily in the form of summary charts, graphs, and tables that depict relevant characteristics of the time series data.  Details concerning the characteristics of overall database and individual scenarios including statistical analysis can be found in an appendix to this report.
2.2. Description of Mesoscale Database

 The database contains 1,325 separate wind production plants.  These plants are aggregations of the 2km wind simulation grid data from the AWS Truewind meteorological simulations.  The nameplate capacity of these plants varies from 100 MW to over 1400 MW and contains a total installed nameplate capacity of approximately 700 GW.
The database project that produced this data modeled the atmosphere over the study area using mesoscale modeling tools.  Mesoscale refers to atmospheric phenomena (temperature, pressure, precipitation, wind, etc) on a scale of several kilometers to several hundred kilometers.    By using known meteorological measurement data for the “back-cast” years, the model can be guided to provide estimates of what the wind speeds and air density would have been at many points on the surface and at wind turbine hub height.  Those wind speeds are used, along with local geographic information (mountains, lakes, ridgelines), to estimate the power production capacity of an area.
The simulation modeled wind in the Eastern Interconnect for the years 2004, 2005 and 2006.  The data for each plant consists of three years of 10 minute power production data.  For each site several hourly resolution forecast vectors where calculated including a day-ahead (18 to 42 hour horizon), a six hour ahead forecast and a 4 hour ahead forecast.

The wind data calculated for the Eastern Wind Integration and Transmission study are roughly distributed with the geographic quality of the wind resources across the eastern United States.  Some heavier weighting was given to eastern states due to the western concentration of high capacity wind.  States like Nebraska and Minnesota have large amounts of high quality wind while states like New Jersey, Maryland and Ohio have relatively small amounts.  An effort was made to have wind resources from all states with any reasonable wind resources be represented in the dataset.
One important measure of the quality of the wind resource is the Levelized Cost Of Energy (LCOE) for each facility and the wind database. The LCOE provides a mechanism for directly comparing the lifetime costs facilities that have different capital and maintenance cost on an energy delivered basis.   Figure 1 shows the LCOE for all of the wind plants in the database plotted in increasing cost against the accumulating nameplate capacity of the plants.  The economic parameters used for the calculation are as follows:
Table 1:
LCOE Economic Assumptions

	Assumption
	Onshore
	Offshore

	Fixed Charge Rate (%)
	11.92
	11.92

	Capital Cost ($/kW)
	1,875 
	3,700 

	Fixed O&M ($/kW/year)
	11.50
	15.00

	Variable O&M ($/MWh)
	4.79
	14.50


Note that these costs are not the same as those used for resource expansion planning documented later in this report.  The values here reflect updated information not available when the expansion planning exercise was conducted.
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Figure 1:
LCOE for all wind facilities in database

The lowest cost plants typically are those with the highest capacity factor.  Offshore development tends to be some of the highest LCOE due to the high capital and maintenance costs notwithstanding the expected superior capacity factor of offshore resources.  The data above reflects approximately 580 MW nameplate of land based wind and approximately 100 MW of offshore wind in the Great Lakes and off of the eastern seaboard.  Offshore wind is located in 30 meter depth water or less.
Another useful view of the overall data is capacity factor verses cumulative nameplate capacity.  Capacity factor can be seen as reasonable proxy for return on construction, carrying and operations costs.  Figure 2 shows the incremental capacity factor for all plants in the database with and without offshore plants considered.  As the chart is read from left to right on the capacity axis, the capacity factor of the last resource added to the total can be read from the capacity factor axis.   Capacity factors shown on these graphs are net but do not take curtailment into account.
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Figure 2:
Capacity factor for all wind in database (incremental capacity versus cumulative capacity, all regions, all sites)

Figure 3 shows the same data as Figure 2 except that the capacity factor is aggregate of all units below a selected value of capacitiy. This chart shows the total effective capacity factor for the total capacity selected on the capacity axis. 
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Figure 3:
Aggregate capacity factor versus cumulative capacity for all wind in database (all regions, all sites)

2.3. Scenario Development Process
With the scenario goals defined by the project team, the wind scenarios where developed from the database described in section 2.2.  Four scenarios where developed, three 20% energy penetration and one 30%.  

For each of the scenarios, state RPS goals are taken into account and some consideration was given to distribute wind to all states with usable resources.

Characteristics of the four scenarios documented here are as follows:

· Scenario 1, 20% penetration – “High Capacity Factor, Onshore”:  Utilizes high quality wind resources in the Great Plains, with other development in the east where good wind resources exist.
· Scenario 2, 20% penetration – “Hybrid, with Offshore”:  Some wind generation in the Great Plains is moved east.  Some east coast offshore development is included.  

· Scenario 3, 20% penetration – “Local, with Aggressive Offshore”:  More wind is moved east toward load centers, necessitating more utilization of off-shore resources.  

· Scenario 4, 30% penetration – “Aggressive Onshore and Offshore”.  Meeting the 30% energy penetration level uses a substantial amount of the higher quality wind resource in the NREL database.  A large amount of offshore is needed to reach the target energy level.  

·  Reference Scenario – This is a scenario designed to represent roughly the current state of wind development plus some expected level of near term development guided by interconnection queues and state RPS standards.  This scenario totaled about 6% of the total 2024 projected load requirements for the eastern interconnect.

To provide data required for selection among all of the resources calculated and stored in the database, some calculation were required.  The production time series data was analyzed to provide annual and average capacity factor and energy production for each of the three years of data provide, for each of the 1324 sites.
With regional allocations decided, wind resources from the database could be segregated by geographic region, analyzed and the appropriate selections made.  These allocations are specified in the annual wind production target since this study is based on energy penetration criteria.  For regional focused scenarios (all except scenario 1) selections were done based first by the regional allocations.  Within the regions, the plants with the highest capacity factors were selected first.  Plants where added to the scenarios in decreasing capacity factor until the target annual energy was reached.   The three year average capacity factor and energy production values were used for this process.
After the quantitative process was complete, the allocations were manually checked to make sure diversity and sub-regional siting goals were met.  For instance, some adjustments were made to the scenarios to provide some wind in all states with RPS standards in place or pending.

2.4. Scenario Descriptions

When the scenario definition process was complete, various analyses of the scenario data were done.  This section provides an overview but a large body of the analysis is documented in an appendix to this report due to the large volume of data.
The scenario data is tabulated based on the ISO/Market region footprints for ease of aggregation and comparison.  The regions were as defined in 2009 and roughly described footprints are:
ISO-NE – ISO New England
MISO/MAPP – Midwest ISO and Mid-Continent Area Power Pool

NYISO - New York State ISO
PJM – PJM Interconnection
SPP – Southwest Power Pool including Nebraska Power Association and Entergy Loads
TVA – Tennessee Valley Authority
SERC –SERC Reliability Corporation w/o TVA and Entergy
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Figure 4:
Study regional definitions
2.4.1. Regional Wind Capacity and Energy

The scenarios were developed for the energy targets described above.  Table 2  and Figure 5 show the energy allocation by region for each of the scenarios and for the reference scenario.  The 20% energy scenarios vary slightly since different resources were used to achieve the targets.
Table 2:
Summary of Energy by Region for Scenarios

	 
	Annual Energy (TWh)

	Region
	Reference Scenario
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	ISO-NE
	33
	13
	46
	82
	82

	MISO/MAPP
	63
	404
	288
	189
	405

	NYISO
	20
	22
	48
	71
	71

	PJM ISO
	65
	64
	97
	244
	295

	SERC
	13
	3
	16
	16
	16

	SPP
	26
	234
	245
	139
	243

	TVA
	4
	4
	4
	4
	4

	Total
	224
	744
	745
	746
	1116
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Figure 5:
Annual Energy Production by Region

Figure 6 shows the allocation of nameplate capacity for each region by scenario.  Comparing the energy in Figure 5 gives a good indication of the relative capacity factors between regions.
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Figure 6:
Nameplate Capacity by Region

2.4.2. Reference Scenario
Table 3:
Reference Case, 6% of 2024 Load Requirements
	Region
	Onshore (MW)
	Offshore (MW)
	Total (MW)
	Annual Energy (TWh)

	MISO/MAPP
	19,732 
	
	19,732 
	33 

	SPP
	7,419 
	
	7,419 
	63 

	TVA
	1,247 
	
	1,247 
	20 

	SERC
	1,009 
	2,000 
	3,009 
	65 

	PJM ISO
	19,402 
	1,620 
	21,022 
	13 

	NYISO
	4,932 
	3,000 
	7,932 
	26 

	ISO-NE
	8,310 
	3,000 
	11,310 
	4 

	Total
	62,051 
	9,620 
	71,671 
	224 
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2.4.3. Scenario 1 
Table 4:
Scenario 1 - 20% “High Capacity Factor, Onshore”

	Region
	Onshore (MW)
	Offshore (MW)
	Total (MW)
	Annual Energy (TWh)

	MISO/MAPP
	94,808 
	
	94,808 
	13 

	SPP
	91,843 
	
	91,843 
	404 

	TVA
	1,247 
	
	1,247 
	22 

	SERC
	1,009 
	
	1,009 
	64 

	PJM ISO
	22,669 
	
	22,669 
	3 

	NYISO
	7,742 
	
	7,742 
	234 

	ISO-NE
	4,291 
	
	4,291 
	4 

	Total
	223,609 
	0 
	223,609 
	744 
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Figure 7:
Installed Capacity – Scenario 1
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Figure 7:
State Map of Nameplate Capacity – Scenario 1

2.4.4. Scenario 2

Table 5:
Scenario 2 - 20% “Hybrid with Offshore”

	Region
	Onshore (MW)
	Offshore (MW)
	Total (MW)
	Annual Energy (TWh)

	MISO/MAPP
	69,444 
	
	69,444 
	46 

	SPP
	86,666 
	
	86,666 
	288 

	TVA
	1,247 
	
	1,247 
	48 

	SERC
	1,009 
	4,000 
	5,009 
	97 

	PJM ISO
	28,192 
	5,000 
	33,192 
	16 

	NYISO
	13,887 
	2,620 
	16,507 
	245 

	ISO-NE
	8,837 
	5,000 
	13,837 
	4 

	Total
	209,282 
	16,620 
	225,902 
	745 
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Figure 8:
Installed Capacity – Scenario 2
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Figure 7:
State Map of Nameplate Capacity – Scenario 2

2.4.5. Scenario 3

Table 6:
Scenario 3 - 20% “Local, with Aggressive Offshore”

	Region
	Onshore (MW)
	Offshore (MW)
	Total (MW)
	Annual Energy (TWh)

	MISO/MAPP
	46,255 
	
	46,255 
	82 

	SPP
	50,958 
	
	50,958 
	189 

	TVA
	1,247 
	
	1,247 
	71 

	SERC
	1,009 
	4,000 
	5,009 
	244 

	PJM ISO
	38,956 
	39,780 
	78,736 
	16 

	NYISO
	13,887 
	9,280 
	23,167 
	139 

	ISO-NE
	13,887 
	11,040 
	24,927 
	4 

	Total
	166,199 
	64,100 
	230,299 
	746 
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Figure 10:
Installed Capacity – Scenario 3
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Figure 7:
State Map of Nameplate Capacity – Scenario 3

2.4.6. Scenario 4

Table 7:
Scenario 4 - 30% “Aggressive Onshore and Offshore”

	Region
	Onshore (MW)
	Offshore (MW)
	Total (MW)
	Annual Energy (TWh)

	MISO/MAPP
	95,046 
	
	95,046 
	82 

	SPP
	94,576 
	
	94,576 
	405 

	TVA
	1,247 
	
	1,247 
	71 

	SERC
	1,009 
	4,000 
	5,009 
	295 

	PJM ISO
	38,956 
	54,780 
	93,736 
	16 

	NYISO
	13,887 
	9,280 
	23,167 
	243 

	ISO-NE
	13,887 
	11,040 
	24,927 
	4 

	Total
	258,608 
	79,100 
	337,708 
	1,116 
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Figure 11:
Installed Capacity – Scenario 4
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 Figure 7:
State Map of Nameplate Capacity – Scenario 4
�Dave Corbus needs to supply this reference.  It is being published now I can’t find the NREL publication number.
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