
Operational Flexibility for a Changing Resource Mix in the 
Western Interconnection 

 

This project will analyze the operational flexibility of the power system to meet the challenges of the 
changing resource mix and identify opportunities to enhance reliability and cost-effective solutions in 
the Western Interconnection.  This operational flexibility study pursues an interconnection-wide 
approach to identify high-level portfolios of resources and the related and operational enhancements to 
the power system. The purpose of this project is to provide utility and government decision makers an 
interconnection-wide perspective on options to identify cost-effective steps to improve operational 
flexibility of the grid.   

Background 

The Western Interconnection is the common electric grid that provides synchronous bulk electric power 
to fourteen western states, two Canadian provinces, and a northern section of Mexico.  While the states 
and provinces of the Western Interconnection may have different policy objectives about the resource 
mix, they are all part of an interconnected grid and share a common goal to ensure reliable and cost-
effective service for customers. 

Technological innovation and policy drivers are contributing to fundamental changes in the resource mix 
of the Western Interconnection.  Advances in photovoltaics and economies of scale have significantly 
lowered the cost of solar energy and contributed to the growth of distributed generation.  Improved 
design and height of wind turbines have lowered the cost of wind energy. New storage technologies are 
becoming cost-competitive and being implemented by utilities.   

Today, ten states and Alberta in the Western Interconnection have enacted renewable energy policies.  
California’s SB 350 legislation calls for a 50% RPS by 2030 in support of a 40% reduction in greenhouse 
gases by 2030 relative to 1990 levels.  Oregon increased its RPS requirement to 50% by 2040.  
Washington has established an economy-wide cap on all large sources of carbon emissions.  Alberta is 
implementing a carbon pricing policy and has committed to add 5,000 MW of renewable energy by 
2030, while phasing out coal.1  British Columbia established a policy to tax carbon emissions.  

Previous Studies 

This project builds upon the lessons and insights from previous related studies.  In 2015, WIEB 
collaborated with the Western Electricity Coordinating Council (WECC) to complete the Western 
Interconnection Flexibility Assessment.2  This study examined high penetrations of renewables across 
five distinct regions covering the states of the Western Interconnection. The study specified high 
penetrations of renewables across the 5 regions (California 50%, Northwest 30%, Southwest 40%, Basin 

                                                           
1 Washington and Montana also have renewable portfolio requirements. Utah has a renewable portfolio goal. 
Arizona regulators are now considering a proposal that 80% of the electric generation come from clean sources by 
2050. 
2 Energy and Environmental Economics, National Renewable Energy Laboratory, Western Interconnection Flexibility 
Assessment, 2015. https://www.ethree.com/western-interconnection-flexibility-assessment/  

https://www.ethree.com/western-interconnection-flexibility-assessment/
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40%, and Rocky Mountain 40%).  The study used a proprietary probabilistic model (Reflex) developed by 
Energy and Environmental Economics.  Under the assumptions employed in this study, the high levels of 
renewables in three regions, California, Southwest and Northwest, contributed to annual curtailment 
levels of renewable generation equal to 8.7%, 7.3%, and 5.6%, respectfully.  Further increasing 
renewable penetration levels without making operational adjustments to the power system would likely 
exacerbate the problem of renewable curtailment. The analysis identified seasonal and hourly patterns 
of renewable curtailment across the regions and identified a handful to steps to improve flexibility on 
the system   

Two other recent studies examined high penetrations of renewables for distinct regions within the 
Western Interconnection.  The 2016 Low Carbon Grid Study3 examined procurement and operational 
options that would help California meet its policy goals of a 50% renewable energy and 40% carbon 
reduction targets by 2030.  This study relied upon a production cost modeling to evaluate multiple 
scenarios that included different renewable generation portfolios and changes to operational 
constraints to improve system flexibility.  A 2017 study performed for the Public Generating Pool (PGP)4 
analyzed different policy options for the states of Washington and Oregon to meet significant carbon 
reduction targets.  The PGP study used a capital expansion model to specify cost-effective renewable 
energy portfolios and compare the implications of higher RPS standards, a carbon tax, and limitations on 
natural gas generation.   

Proposed Study 

While the Low Carbon Grid Study focused on California and the PGP study examined the Northwest, 
both studies showed that very high renewable penetrations can lead to renewable curtailment and 
exports of surplus generation from their respective footprints.  The interesting next step is to consider 
the combined impacts to the Western Interconnection with high renewables and low carbon policies 
from California, Oregon, and Washington. The previous 2015 Western Interconnection Flexibility 
Assessment specified a lower renewable penetration level for the Northwest and modeled the 
interconnection in five distinct state regions.  

This proposed operational flexibility study of the Western Interconnection would model the future 
resource mix consistent with states and provinces with announced high renewable and low carbon 
targets meeting these goals in approximately 15 years.  The states of California, Oregon and Washington 
would be at or near their renewable and low carbon goals.5  Jurisdictions without such policy goals 
would maintain their status quo policies.  The starting point for this analysis will be modeling the 
expected future of these divergent policy drivers in the Western Interconnection.  This study proposes 
to address the following questions about the Western Interconnection.   

                                                           
3 National Renewable Energy Laboratory, Center for Energy Efficiency and Renewable Technologies, Low Carbon 
Grid Study: Analysis of a 50% Emission Reduction in California, 2016. 
https://www.nrel.gov/docs/fy16osti/64884.pdf  
4 Energy and Environmental Economics, Pacific Northwest Low Carbon Scenario Analysis, 2017. 
https://www.ethree.com/wp-content/uploads/2018/01/E3_PGP_GHGReductionStudy_2017-12-15_FINAL.pdf  
5 Under the proposed policy framework, state/provincial policies would lead to the following renewable and CO2 
targets: coastal states (CA, OR, WA) combined policy targets 50% RPS and 50% CO2 reduction; existing RPS 
states/provinces (AB, 30%, AZ 15%, CO 30%, MT 15%, NV 25%, NM 20%, UT 20%); and non-RPS states (ID, WY).  

https://www.nrel.gov/docs/fy16osti/64884.pdf
https://www.ethree.com/wp-content/uploads/2018/01/E3_PGP_GHGReductionStudy_2017-12-15_FINAL.pdf
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• How does the expected future resource mix change the flows of generation across the major 
transmission paths on a daily and seasonal basis compared to current operations?   

• Will the Western Interconnection have sufficient flexibility to integrate high penetrations of 
renewables in some regions without causing uneconomic levels of renewable curtailment?   

• Can surplus generation in one region be absorbed in other regions across the interconnection? 
Will additional transmission capacity be needed to meet the changing flows across regions? 

• Are there cost-effective steps to increasing system flexibility by:  
o Diversifying the portfolio of renewable technologies and diversifying the geographical 

location of additional renewables across the Western Interconnection? 
o Using demand-side resources such as advanced demand response? 
o Improving flexibility of the conventional hydro system? 
o Expanding storage capacity with hydro pumped storage and battery storage resources? 
o Electrification of the transportation sector and electric vehicle storage resources? 

• What is the impact of a common carbon tax being adopted by a subset of states/provinces but 
not applicable by the remaining set of states/provinces?  Could states/provinces with low 
carbon goals meet their objective in a more cost-effective manner? How does it impact the 
states/provinces without a carbon target? 

• What is the role for gas-fired generation fleet in the Western Interconnection in the future 
resource mix?  Will gas generators provide sufficient resource adequacy, flexibility services 
and/or baseload generation? 

Methodology and Modeling Tools 

The proposed study would develop a base case and alternative scenarios with a mix of modeling tools.  
At a minimum, the production cost model would be used to specify the expected future resource mix 
base case and different scenarios.  The production cost model results would characterize the output of 
generation and power flows across the major paths in the Western Interconnection.  Important insights 
would be on the level of curtailment of renewable generation and the potential flows of surplus 
generation exchanged between regions.   

A capacity expansion model could be used in this project to help identify cost-effective generation 
additions.  A capacity expansion model would also be useful to explore geographic diversity and 
renewable technology diversity options designed to improve system flexibility.   

The project would also need input from technical experts in hydro modeling from the Northwest to 
address how the hydro system flexibility might be analyzed for this project.  

Under this study, a process will be established to make decisions and carry out the objectives of the 
study.  The project will establish a WIEB Management Team and a Steering Committee consisting of the 
funding entities.  An independent Technical Review Committee comprised of regional experts will review 
and advise the management team and Steering Committee.  There will be an RFP process to select 
contractors with the required modeling capability.  The selected contractor will work with the Steering 
Committee and Management Team to develop the base case and future scenarios.   
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Implementation and Coordination 

Upon WIEB Board approval for funding this project, WIEB staff will assume the role of project manager 
for the project.  WIEB staff will be responsible for the following tasks: 

• Develop an implementation plan for the project that proposes the framework, steps, and 
timeline to carry out the project.   

• Organize a Steering Committee that consists of representatives from entities that have pledged 
funds for the project;   

• Organize a Technical Advisory Committee that would provide technical input to the modeling 
the project.  

• Develop a draft Request for Proposal (RFP). 
 


