Western Wind and Solar Integration Study

Overall scope
Aug 16, 2007

1.0
OBJECTIVE
The goal of the Western Wind Integration Study is to help multiple utilities in the western U.S. understand the costs and operating impacts of the variability and uncertainty of wind and solar power on their grids and potential mitigation options for these impacts.

2.0
OVERVIEW
Study Footprint
The Western Wind Integration Study will encompass much of the WestConnect region and the “study footprint” is defined as the following utilities:  Arizona Public Service; El Paso Electric Co.; Nevada Power Co.; Public Service Co. of New Mexico; Salt River Project; Sierra Pacific Power; Tri-State Generation and Transmission; Tucson Electric Power Co.; Xcel Energy; and the parts of Western Area Power Administration that fall within WestConnect (see Figure 1).  Westconnect’s members in California—Imperial Irrigation District and the Sacramento Municipal Utility District—will not be included in this study as they were part of the California Energy Commission’s Intermittency Analysis Project. In this Statement of Work, the part of the Western Electricity Coordinating Council (WECC) that is outside the study footprint is called the “rest of WECC”.

Figure 1:  WestConnect Service Territory

[image: image3.png]R Enroy s Gapacy
1 esGonect Erarzy | Capacyy Eremy | Capocty | Capucty Enorgy
w w | w w 2
== e = =
PaiE IS S i . e
s 2R i 2
pms 1522 . =

LRSS aa= == ESl RS
Qs WesConnect | grergy | Capacty Energy | Capacy Capecty | Energy
il e | w | o
s ==
Bl g
s 18 A - 2

o 201 —gte0 | e e e E 0T

v [t | o
R " T | s T
s B oo e i £ -
o [0t | Tz | oo T - Ssors |t
08 TR ) oS isw | e s
o oy | comay | comny | ooy | ewny | cameny casry | oy
o | i’ | i’ | o’ | o | G |
7 1 S e
o [ | e | gk | oo | e | e S| g
Poas = == EE = == am : =
20 [ v | gves | gon | o | s | e Sase sy

T 1 1 A 2 s | |
P e | pire | mss Sees | e
[ T o
7 1 0 1 R





Organization

NREL will act as project manager for the study. Exeter is in charge of data collection. Wind mesomodeling will be conducted by 3Tier. Solar modeling has been completed for 2004-2005, and modeling for 2006 will be conducted by Richard Perez. GE will conduct the utility modeling and statistical analysis. UWIG will act as a technical expert for the study.

Technical Review Committee (TRC)

NREL will convene a Technical Review Committee (TRC) that will include representation from each control area, expert reviewers (Utility Wind Integration Group), study subcontractors, transmission planners (Southwest Area Transmission/Colorado Coordinated Planning Group), and wind/solar industry representation (AWEA, SEIA). The TRC will meet quarterly, or more often if needed, to review study progress, comment on study inputs and assumptions, help with collecting data (if appropriate) and review the draft report.  

Stakeholder Group

NREL will convene a stakeholder group that will include interested utilities, PUCs, NGOs, transmission planning groups, and renewable energy developers/industry. NREL will organize 3-4 stakeholder meetings (kick-off meeting, review of scenarios and mesoscale data and methodologies, interim results, and when final report is ready). The stakeholder and TRC process is considered critical to gaining buy-in from relevant parties. 
We will coordinate with in-state integration studies that are currently underway by Nevada Power/Sierra Pacific, Arizona Public Service, Xcel, and Public Service of New Mexico. 

3.0
SCOPE OF WORK
The work will consist of several main tasks: 

1) Convene stakeholder group and get feedback and input into the study scope (5/23/07)

2) Data collection - wind, solar, utility

3) Conduct preliminary analysis to develop scenarios that will examine high levels of wind and solar penetrations and answer specific stakeholder issues

4) Stakeholder group meeting to review analysis and proposed scenarios

5) Conduct simulations - model a baseline assessment for the study footprint without new renewables; model a high renewables scenario based on a 20%wind/3% solar or 30% wind/5% solar penetration level; model variations on the high renewables scenario to answer specific stakeholder issues; conduct effective load carrying capacity (ELCC) and loss of load probability (LOLP) analysis on three scenarios

6) TRC meeting to review draft results

7) Prepare draft report and circulate to stakeholder group

8) Present draft report to Stakeholder meeting 

9) prepare final reports

4.0 TASKS

4.1 Coordination and Organization – convene stakeholder group

4.2 Data Collection

Wind Data 

Wind data needed is generation potential in each state, 10 min MW output profiles for wind sites for 3 years, hourly wind MW forecasts by site (day and hour ahead), and 1 min MW output for multiple 3 hour events.

3Tier will conduct the wind mesomodeling. This is expected to be 10 min data at 80-100m hub height at 2km grid for the entire Western Interconnection (WI). This contract is expected to be put into place in September 2007. Data from the BPA region is expected in the fall but may take 4Q ’07 to be developed for rest of WI.

Collect wind data to validate the mesomodeling. Exeter will seek wind data from developers, utilities and others to validate the mesomodeling. This data may go directly to 3Tier or be routed through George Scott at NREL and/or Exeter.

Solar Data

Solar data requirements are solar generation potential in each state, hourly MW output profiles for all solar sites for 3 years, hourly solar MW forecasts by site (day and hour ahead), and 1 min solar MW data for multiple 3 hour events.

Richard Perez has already developed hourly solar data for 2004-2005. Dave Renne/Steve Wilcox will contract with him for 2006. This will be cost-shared with solar.

Mark Mehos has plant conversions for trough plant with or without storage, has model for dish sterling and power tower

Question about 1 min data. For CA Perez applied shapes of 1 min and 3 min data to 15 min real data. Dick Piwcko thought it unacceptable for Perez to break down his hourly averages into 1 min data. Troughs don’t need 1 min data, but dish may need it.

Exeter to collect solar data to validate solar modeling. This data may go directly to Tom Stoffel at NREL or through Exeter.

Load and utility data

Exeter will collect load flows from WECC. They will collect the generator database

From each utility, we have requested hourly load MW data for 3 years, day ahead and hour ahead load forecast for three years, 1 min load MW data for multiple 3 hour blocks, historical hydro, wind and solar output, and deferrable loads.

4.3 Preliminary Analysis and Scenario Development

Screen potential scenarios for detailed modeling and simulation. This study differs from previous wind integration studies in the regional scope and large number of options for generation and transmission. Important issues to examine in the study will be comparison of local resources versus out-of-state resources (within the renewable resource areas), geographically diverse resources versus concentrated mega-projects, and wind loadings on long-distance transmission. We will consider the study year 2015 (or 2017 if it matches load flow and other WECC data better).  Approximate wind and solar energy and capacity projections for proposed scenarios are estimated in Appendix 1.

This includes:

a) Group wind and solar resource sites into 10-20 regions.

b) Conduct statistical analysis with spatial and temporal slices, to examine resource correlation across the region and wind/load and solar/load correlation over time.

c) Examine the energy production value of wind and solar sites.

d) Examine the transmission capability between wind/solar regions.

e) Based on statistical analysis, production value, and transmission capability, develop preliminary costs for each wind and solar region.

f) Based on these analyses and with a goal of low cost of energy and low integration costs, develop three scenarios with wind and solar penetrations by energy as follows: 10% wind/1% solar; 20% wind/3% solar; and 30% wind/5% solar.

g) Conduct statistical analysis on these three scenarios to examine the feasibility of integrating these levels of resources into the individual control areas. 

h) Modify the scenarios as needed to design a “High Renewables” scenario that is likely to have a reasonable integration cost. 

i) Draft variations of the “High Renewables” scenario to address stakeholder issues. These variations could include a “diversified sites” scenario with even geographic spread of resource sites, a “mega-project” scenario, with renewable energy generation concentrated in several large projects; an “in-state” scenario, using only in-state wind and solar resources; a “best correlated with load” scenario; and other scenarios as identified by the TRC.
j) Present the preliminary analysis and proposed scenarios to stakeholders.
4.4 Stakeholder meeting

We will present the preliminary analysis and proposed scenarios in a Stakeholder meeting to obtain Stakeholder feedback to ensure that the modeling and simulation results will be relevant. The final study scenarios will be developed with input from the TRC and based on the needs of the Stakeholder group. The matrix below illustrates potential scenarios
:
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The cases will be run against two renewable energy scenarios for the rest of WECC outside the study footprint:  existing (defined as operational generation by 12/31/08) renewables in WECC and a high renewable energy penetration case for WECC, tentatively defined as 20%.  All of WECC will be modeled to capture imports and exports from the study footprint to the rest of WECC.  Only hourly wind, load and forecast data will be examined (or needed) for the rest of WECC.  Regulation and load-following, i.e. all intrahour issues, will be confined to the study footprint. It is difficult to determine the scenarios before the preliminary analysis is completed, but potential cases are defined below: 

· Baseline with existing (defined as operational generation by 12/31/08) renewables in the study footprint. 

· High Renewables case – select the 20% or 30% wind penetration level used in the statistical analysis, with modifications as needed so that it has both a reasonably high renewables penetration at a reasonable integration cost.
· Depending on what the High Renewables case looks like, design variation scenarios to answer specific stakeholder questions of interest. Example scenarios could include a “diversified sites” scenario with even geographic spread of resource sites, a “mega-project” scenario, with renewable energy generation concentrated in several large projects; an “in-state” scenario, using only in-state wind and solar resources; a “best correlated with load” scenario; and other scenarios as identified by the TRC (e.g., a mixture of above). 

4.5 Run Simulations
GE will run MAPS for 8760 hours for each of 2004-6 to examine impacts for each case/scenario.

New transmission lines for these scenarios will likely be based on the WECC Transmission Expansion Planning Policy Committee (TEPPC) transmission studies.

For Tasks 4.2-4.4 discussed below, the grid and operations analysis initially will be on a control area by control area basis, not as a single control area with costs by control area. This will be re-run as a single control area with a single cost.  

Baseline Scenario for Year 2015 

Baseline assessment of the impact of the projected existing amounts of wind, solar and renewable energy generation in the study footprint. This will include the following analysis:

· Regulation (seconds to minutes) associated with wind and solar generation variability, using the Oak Ridge National Laboratory methodology. We will examine 1-minute time step, quasi-steady-state (QSS) effects using a detailed PSLF analysis or with a quasi-QSS (spreadsheet-based) analysis that has been successfully validated against the detailed PSLF analysis.

· Load following (minutes to hour) impacts associated with wind and solar generation variability.

· Unit Commitment (hours to days) and including cost impacts with and without generation in this time frame from wind variability and errors in wind forecasting and in load forecasting

· Identification of reliability limits and violations of accepted operating criteria (ACE, CPS2, etc.)

Year 2015 with High Renewables Scenario
This task will assess the grid and market impacts of a high renewables penetration, likely to be 20% wind/3% solar or 30% wind/5% solar. Sensitivity studies will include examination of 30%, 50%, and 100% renewable energy on specific transmission lines. This Task includes an analysis of remediation options, if applicable.  Such options include operational strategies, regulatory strategies and technology options such as advanced controls at wind projects and other facilities and improved intelligence (including forecasting).  The analysis will include:

· The analysis from the Baseline, plus

· Effects of wind forecasting strategies

· Impact on power grid performance (CPS2, ACE, etc.)

· Total variable cost of energy production

· Changes in emissions (SOx, NOx, CO2)

· Changes in interface congestion, timing and duration

· Use of system-level firming such as addition of advanced gas turbines

· Evaluation of cost and effectiveness of wind turbine controls. This includes assessing the impact of curtailment on wind plants.

· Evaluation of cost and effectiveness of changes in other existing generation resources

· Evaluation of cost and effectiveness of additional physical resources, including new generation, transmission, storage and controls. This includes procurement of new generation for regulation, load following, and capacity. Assess need for flexibility in new generation.

· Evaluation of cost and effectiveness of price responsive load, balancing area consolidation, dynamic scheduling, reserve and ACE sharing, regional imbalance markets, and other potential strategies. These could include comparing existing hourly bilateral markets to a fast 5-10 minute bid-based market.

· Impacts of intermittent renewable generation on the operations of hydro resources in the study footprint and on WECC, with a particular focus on Hoover Dam. Separate out hydro “opportunity cost” due to holding reserves for wind.

· Additional opportunities, or “dives”. This could include investigation of plug-in hybrid electric vehicles as a mitigation option. 

Year 2015 with Variations on the High Renewables Scenario 
This Task will consider the variations on the High Renewables scenario which were designed with input from the Stakeholder group and TRC. These variations may include a “diversified sites” scenario with even geographic spread of resource sites, a “mega-project” scenario, with renewable energy generation concentrated in several large projects; an “in-state” scenario, using only in-state wind and solar resources; a “best correlated with load” scenario; and other scenarios as identified by the TRC (e.g., a mixture of above). This Task will include analysis from the previous scenario as applied to the selected scenarios.
Effective Load Carrying Capacity (ELCC) and Loss of Load Probability (LOLP) Analysis
This task will assess the impact of wind and solar generation (separately) on loss of load probability and reserve capacity obligations, using the three years of data that will be collected for this project. Three scenarios will be selected to analyze and will likely include the in-state and diversified scenarios. In addition, the task will assess the seasonal and annual capacity value of both wind and solar generation by determining the effective load carrying capability of wind and solar.  Differences in the ELCC and LOLP values between the three years will be noted and explained.  Work will also involve evaluating other methods that the utilities in the study footprint may use for determining the capability rating for wind and solar generation. Comparison of ELCC to a simpler spreadsheet approximation (the PJM method) will be made and differences noted.

4.6  TRC meeting

NREL will hold a TRC meeting for feedback and input. This will be taken into account  in finalizing the modeling and simulations and in preparing the draft report. 

4.7 Draft report

This draft report will document the results of GE’s work and will be circulated to the Stakeholder group to solicit comments and feedback.

4.8 Stakeholder meeting
GE will present the results in the draft report formally to the stakeholder group.

4.9 Final report

GE will incorporate the comments into a final report to be published by NREL. The final report shall include an overview of the study, characterization of the wind/solar resource and site selection process, statistical analysis of temporal and spatial nature of the wind/solar resource and loads, scenario selection process, production simulation analysis, quasi-steady-state analysis, operational impacts, effective load carrying capacity, and mitigation options and strategies. 
5.0  OVERALL SCHEDULE
	Stakeholder Meeting – kick off
	5/23/07

	Data Collection
	June – Dec ‘07

	Wind/solar modeling
	Sep ’07-Mar ‘08

	Preliminary Analysis
	Feb-May ‘08

	Stakeholder Meeting – review analysis
	June ‘08

	Simulations/modeling
	Jul ’08-Jan ‘09

	TRC meeting – review interim results
	Dec ‘09

	Draft report
	Feb ‘09

	Stakeholder meeting – review draft
	Mar ‘09

	Final report
	Apr ‘09
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Appendix 1 RENEWABLE ENERGY AND CAPACITY PROJECTIONS







� MAPS is GE’s production cost model and QQSS is the spreadsheet-based, quasi-steady-state model that GE is developing.
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		Renewable Levels

		Outside of resource area                                                  In Resource Area		Current Renewable Energy Levels in WECC		High Levels of Renewable Energy in WECC (20%)

		Existing Levels (Baseline)		MAPS/QQSS		MAPS/QQSS

		10% Wind, 1% Solar		Statistical Analysis		Statistical Analysis

		20% Wind, 3% Solar		Statistical Analysis		Statistical Analysis

		30% Wind, 5% Solar		Statistical Analysis		Statistical Analysis

		High Renewables (20% or 30% from above)		MAPS/QQSS		MAPS/QQSS

		Diversified Sites Geographically		MAPS/QQSS		MAPS/QQSS

				MAPS/QQSS		MAPS/QQSS

		In State Sites		MAPS/QQSS		MAPS/QQSS

		Mega-Projects		MAPS/QQSS		MAPS/QQSS

		Best Correlated with Load		MAPS/QQSS		MAPS/QQSS
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