
INTEGRATING WIND RESOURCES: SITING DECISIONS IN THE MIDWEST

Julian Lamy, Carnegie Mellon University, (202)-257-8377, jlamy@andrew.cmu.edu
Inês Azevedo, Carnegie Mellon University, (412) 268-3754, iazevedo@cmu.edu
Paulina Jaramillo, Carnegie Mellon University, (412) 268-6655, pjaramil@andrew.cmu.edu
Overview

Many of the highest capacity factor wind resources are located in areas that are far away from load centers and therefore require large transmission investment. Many of these distant resources also generate power with less hourly variability, and therefore require less load balancing from non-wind generators. The alternative to accessing these distant resources is to build local wind farms that often have lower wind potential and higher power variability, but require less transmission investment. The best place to locate wind is a balance between accessing good wind resources and minimizing transmission cost.

Illinois is a perfect example of where these challenges arise. The state has a renewable portfolio standard (RPS) requiring 25% renewable generation by 2025; 60-75% of this target must be met by wind power. This target amounts to about 10 gigawatts (GW) of new wind projects by 2020. Additionally, Illinois is uniquely located in an area with reasonable wind resources while also nearby states with the best onshore wind potential in the United States. It is therefore a perfect case to study where to build wind farms. This paper focuses on the economic tradeoff between building remote or local wind farms to meet the Illinois RPS. 

Hoppock and Patiño-Echeverri (2010) studied the problem of whether it is more economical to integrate wind (up to 10 TWh of wind generation) in local or remote locations and concluded that local resources provide the least costly investment. They used the average annual capacity factor of different sites at varying distances in the Midwest to estimate the average cost of each site ($/MWh), including increased transmission costs for accessing distant farms. The major cost-driver that prevents remote wind development is transmission costs, which ranged from $1,200 to $4,200/MW-km in their analysis. 

Relying only on the annual average capacity factor misses the impact of hourly variability from different farms. It may be that power from remote farms, in addition to having higher average capacity factors, vary less on an hourly basis than local ones. Wind power is not easily controllable and highly variable by hour. By adding more wind capacity to the generation mix, conventional generators like coal and gas will need to ramp generation up and down more often to account for this increased variability in power generation in order to fully satisfy electricity demand. These costs are non-trivial and therefore adding the least variable wind farm has value to the system. By incorporating the value of decreased variability into the average cost of electricity, it may be the case that remote farms are more valuable to society than local ones (lower average cost), even if accessing such farms requires more transmission investment.
Although the actual monetary cost of ramping is uncertain, there have been previous papers that have estimated such costs. DeCarolis and Keith (2006) showed that increasing wind power to serve 50% of demand adds about $10-20/MWh to the cost of electricity due to the intermittency of wind power output and the increased capital cost incurred to build supporting transmission capacity. Leuken et al. (2012) analyzed the variability of 20 wind farms in ERCOT over one year and concluded that costs due to variability are on average $4/MWh, when using ancillary service costs in California as an estimate for variability cost. Hirst (2001) estimated intrahour balance costs of $7 to 28/MWh and regulation costs of $5 to $30/MWh as a result of adding a 100 MW wind farm in Minnesota to serve load in PJM.
In addition to the transmission costs assumed by Hoppock and Patiño-Echeverri (2010), there is a wide range of cost estimates used throughout the literature. In their economic analysis of CAES in Texas, Fertig and Apt (2011) developed a transmission cost model using historical data. This model was developed using actual transmission costs that ranged from $200 to $900/MW-km. Similarly, Denholm and Sioshansi (2009) reported transmission costs ranging from $100 to 1,300/MW-km. Further, as highlighted in Fischlein et al. (2012), transmission investments will require considerable coordination among local and federal government. Issues such as siting, line planning, and permitting are non-monetary costs that add complexity to building transmission projects. Careful treatment of the uncertainty in transmission costs is therefore important when modeling the economics of remote wind projects.
In this work, we build an optimization model used to evaluate the economics of wind farm siting decisions for specific wind farms in the Midwest. The model incorporates the capacity factor of different farms, the increased ramping costs incurred to support the new wind, and the transmission costs required to deliver power to market for each farm. Because variable ramp costs and transmission capital costs are uncertain, we treat these assumptions parametrically and evaluate results across a wide range of assumed values. 
Methods
In choosing the wind sites to study in our analysis, we relied upon wind power output data simulated by the National Renewable Energy Lab (NREL) for the Eastern Wind Integration and Transmission Study (EWITS). For this study, NREL estimated wind energy potential for over 1,300 sites across the U.S. (EWITS, 2012). At each site, NREL estimated the maximum capacity of the wind farm and simulated the resulting wind power output from 2004 to 2006 in 10-minute increments. We relied on data for 532 sites from this dataset that are in the Midwest (IL, IA, ND, SD, MN, NE). The average capacity factor acorss these sites ranges from 32% to 47%, and the coefficient of variation in hourly wind power ranges from 0.65 to 0.74.

In order to choose the most economic wind site, we develop an optimization model that incorporates, for each farm: increased ramping costs, capacity factor, capacity, and increased transmission cost represented as as function of capacity and distance to load. By minimizing ramping of non-wind generation by hour over one year as well as annualized wind and transmission capital costs, the model selects the wind farms in MISO to serve load in Illinois that yields the lowest average cost of electricity for a specified policy target (30 TWh of wind generation). 
Since site selection will depend on assumed ramping and transmission costs, we evaluate results with ramp costs of $5, $10, and $30/MWh and transmission costs of $300, $600, $1,000, and $2000/MW-km. 
Results

Table 1 shows the average cost of building a wind farm in each state considered. Capacity factors in states outside Illinois are greater by about 2% and the required ramping in states outside of Illinois is lower since wind generation in these states is on average less variable than wind in Illinois. However, despite these advantages to distant wind, in the case when transmission costs are $600/MW-km (a low cost assumption), the average cost of electricity for distant wind farms is about $4 to $16/MWh higher than in Illinois. These results suggest that even when considering differences in ramping costs and capacity factors, local wind in Illinois provides the least costly investment. 
Results from the full optimization as well as a list of all sites that were selected by the model will be provided in further detail during the upcoming presentation. Full results are consistent with the trends highlighted in Table 1.
Table 1: Difference in average cost of building wind farms by state when including ramp costs, average capacity factors, and required transmission investment ($600/MW-km)
	
	Avg. CF
	Km to Illinois
	$/MWh

(Trans + wind) 
	$/MWh Difference from Illinois when include ramp cost

	
	
	
	
	Ramp cost>>
	$5
	$10
	$30

	IL
	40%
	0
	$67 
	
	
	
	

	ND
	42%
	1,200
	$83 
	
	$16 
	$16 
	$15 

	SD
	42%
	1,000
	$80 
	
	$13 
	$13 
	$12 

	IA
	42%
	500
	$72 
	
	$5 
	$5 
	$4 

	MN
	41%
	600
	$75 
	
	$8 
	$8 
	$7 

	NE
	42%
	900
	$79 
	
	$12 
	$12 
	$11 


Conclusions

When incorporating both the difference in capacity factors and required ramping from non-wind generators in wind-siting decisions, building local farms in Illinois appears to be more economical than building more distant farms in the Midwest. 
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