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Introduction 
The subject of resource adequacy (RA) has increasingly gained attention in electricity policy circles in 

recent years. The fast-changing landscape of power generation has led many to begin asking questions 

about what concerns are being missed or left behind. While large numbers of developers and 

load-serving entities (LSEs) opt for more efficient and flexible combined-cycle thermal generation and 

zero-fuel-cost renewables, old thermal generation has begun to retire at an increasing rate.  Many of the 

plants that provided the backbone of power generation in the West are now closing their doors.  In the 

past, regulators and LSEs could rely on the availability of thermal generating units into the distant future 

(because they were still far from their expected dates of retirement), new clean energy development 

(spurred by renewable portfolio standards), declining costs, and stagnant load growth.  Disruptions in 

these trends require new expectations from all resources such as flexibility as well as availability, a 

challenge that primarily falls on the shoulders of resource planners to solve. 

 

This change in capacity has made the task of calculating resource adequacy increasingly important.  In 

addition to retirements, the methods for tracking resource adequacy in the West are unequipped to 

face changes in climate and population, adding a layer of unpredictability to a system dealing with other 

varied challenges to ensuring reliability.  The process of accurately calculating resource adequacy in 

conditions of uncertainty requires detailed information on regional and subregional demand (load), as 

well as unit-level information on generating units and their ability to dependably serve load.  Planning 

becomes increasingly complex, as LSEs attempt to balance cost, risk, and variable resources whose 

capacity contributions are difficult to accurately forecast. LSEs are working to gain the expertise and 

experience necessary to more accurately forecast generation and load that can change in minutes based 

on the strength of the wind, the cloud cover of their service area, and the water conditions of the year. 

All of these short-term concerns translate to the planning process in the form of risk.  Planners, now 

more than ever, require extensive information to accurately model their systems and identify gaps to be 

filled with new capacity.  In the interim, LSEs likely will increase their reliance on short-term market 

purchases to hedge development decisions until risk can be more successfully mitigated.  Regulators 

need new ways to verify the findings of utilities both within their area of responsibility and outside of it. 

 

Across the West, we can no longer afford to look the other way.  Our current system, built on the ideals 

of independence that define the West and its people, should be reevaluated to assess whether the 

islanded RA framework is the best way to achieve a reliable and efficient electric system.  Of special 

importance to this report, regulators can no longer reasonably assess resource adequacy within their 

states as LSEs rely more and more on trading partnerships and short-term purchases of power across 

state lines.  Regional organizations and utilities have largely failed to provide state regulators with the 

information necessary to assure them of resource adequacy across the region.  The majority of existing 

reports on the subject suffer from a lack of consistency, transparency, and rigor.  This report seeks to 

more accurately describe what is required for a fully functional assessment of Western Resource 

Adequacy. 
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“Resource Adequacy in the West: Current State of Affairs and Ideas for the Future”, is organized around 

three questions and their corresponding sections: 

1. What is Resource Adequacy (RA)? (Covered in first section of the same wording) 

2. How is RA being dealt with now? (Covered in the sections, “The State of Resource Adequacy 

Planning in West” and “Resource Planning Outside of the Western Interconnection”) 

3. How does the WIEB proposed framework aid regulators in ensuring resource adequacy? 

(Covered in the section, “Ideal Collection”) 

 

The report concludes with a detailed discussion of our proposed framework (covered more briefly in 

“Resource Adequacy in the West: A Proposed Information Sharing Framework”) and additional steps 

that could be taken in the future to improve regional and subregional assessments of resource adequacy 

across the Western Interconnection. 
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What is Resource Adequacy? 
Resource adequacy (RA) (Northwest Power and Conservation Council, 2005) is the knowledge that the 

utilities or load serving entities (LSEs) (Electric Reliability Council of Texas, n.d.)- companies that supply 

electricity to customers - within an explicitly defined region has accumulated sufficient generation to 

meet the total load (electricity demand) of that region at any given time.  Resource Adequacy 

calculations require deep knowledge of both LSE generating capacity and load expectations, also known 

as load forecasts.  The challenging process of assessing RA has changed and improved as technologies 

have matured. 

History of Resource Adequacy 

Ensuring that the electric system is able to provide adequate generation to meet the load obligations of 

load serving entities (LSEs) has been a part of the electrical system planning since electricity was 

commercialized in the 1870s.  The first resource adequacy targets that were based on probabilistic 

calculations (such as Loss of Load Hours (LOLH), Loss of Load Probability (LOLP), Loss of Load Events 

(LOLE), or Expected Unserved Energy (EUE)) did not appear until the 1930s and 40s (Wilson & Peterson, 

2011). By 1947, Giuseppe Calabrese, an assistant engineer at the Consolidated Edison Company of New 

York (today known primarily as ConEd), had written a technical paper entitled, “Generating Reserve 

Capacity Determined by the Probability Method.”  The criterion of limiting outage events to one every 

ten years (1-in-10 LOLE) can be found beginning in the 1950s and continues to be widely used today. 

While some consider criteria like the 1-in-10 LOLE to be outdated and uneconomic, studies like those of 

Giuseppe Calabrese constitute the first steps towards comprehensive resource adequacy standards in 

the United States (Carden & Wintermantel, 2013). 

 

However, widespread improvements in resource adequacy standards have rarely been motivated by 

cutting edge research.  In November of 1965 30 million people lost power for an extended period due to 

a disruption caused by a misoperation in the Northeast and Canada.  After this outage, electric utilities 

joined forces to prevent another outage of similar scale and created the National Electric Reliability 

Council (NERC) in 1968 (today, NERC’s name is the North American Electric Reliability Corporation). 

NERC took steps to ensure that all member utilities were upholding the 1-in-10 years outage standard 

(Carden & Wintermantel, 2013).  Other events that lead to dramatic shifts in reliability priorities include 

the Arab Oil Embargo in the 1970s, the development and increasing popularity of the IRP system in the 

1980s, the deregulation of electricity markets in the 1990s, and the California Energy Crisis of the early 

2000s. 

 

Today, NERC serves as the Electric Reliability Organization (ERO) of the United States, as certified by 

Federal Energy Regulatory Commission (FERC) according to the Federal Energy Policy Act of 2005.  In 

2006, FERC made NERC responsible for upholding reliability standards across the country.  On the day of 

certification, “Commission Chairman Joseph T. Kelliher observed,” that the, “‘three necessary elements 

to a strong reliability regime,” are, “‘that the Electric Reliability Organization be a strong organization,’” 

that state and federal regulators carry out, “‘mandatory reliability standards that meet the statutory 
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test,’” and that there be, “‘strong and consistent regional enforcement.’” (Federal Energy Regulatory 

Commission, 2006)  

WECC’s Role in Resource Adequacy 

WECC, the Western Electricity Coordinating Committee, is the body which NERC has delegated to collect 

resource adequacy data in the West, among other functions including, “compliance monitoring and 

enforcement.” (Western Electricity Coordinating Council, n.d.) WECC was originally founded in 1967 as 

the Western Systems Coordinating Council (WSCC) but changed its name in 2002 after three regional 

transmission associations merged. The mission of WECC has also changed over the years as it has moved 

further and further from its origins as a council of independent power systems to the premier regional 

entity responsible for reliability oversight in the West.  WECC is the only Western oversight group with 

the ability to, “create, monitor, and enforce reliability standards,” across Western states.  (Western 

Electricity Coordinating Council, n.d.) 

 

The portion of WECC that is now responsible for reliability data collection is the RAC (Reliability 

Assessment Committee).  Until September 2017 the RAC was two committees: TEPPC (Transmission 

Expansion Planning Policy Committee) and PCC (Planning Coordination Committee). TEPPC’s four main 

functions were:  

 

1) oversee and maintain public databases for transmission planning; 2) develop, 

implement, and coordinate planning processes and policy; 3) conduct transmission 

planning studies; and 4) prepare Interconnection-wide transmission plans. (Western 

Electricity Coordinating Council, 2009) 

 

TEPPC’s primary work product was the Common Case study that modeled the transmission and 

functioning of the Interconnection.  Generally, TEPPC focused on a longer horizon (around 10 years into 

the future). The PCC worked on a somewhat shorter horizon and primarily used power flow/network 

reliability modeling for their analyses (which is more accurate in the near-term and less useful for 

long-term resource planning). The PCC also carried out planning projects using Base Cases’ power flow 

modeling.  Their most powerful work product in terms of measuring resource adequacy was the Power 

Supply Assessment (Western Electricity Coordinating Council, 2016), which summarized the physical 

position of generating capacity in the West and its subregions.  Although the Power Supply Assessment 

(PSA) was discontinued in 2016, the data that WECC reports to NERC for the annual NERC Long-Term 

Reliability and Seasonal Assessment (North American Electric Reliability Council, 2018) is still in the same 

format as that reported in the PSA (Western Electricity Coordinating Council, 2016). 

 

History of Integrated Resource Planning 

Integrated resource planning (IRP) first became common in the 1980s, partly as a response to the oil 

embargoes of the 1970s and partly to counteract the outsized expense of nuclear generator 

construction (Weston, 2009).  Before IRP was first introduced during the 1950s and 60s, planners 

assumed that load growth would continue at the consistent rate created by the baby boom of the 
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post-war era (5-7%).  As these assumptions moved further and further away from reality, and load 

growth plateaued along with the national birth rate, many large nuclear plants that were in the process 

of construction were canceled. Ratepayers, through protests and other public actions, successfully 

demonstrated their outrage over utilities’ procurement choices. On the east coast, multiple utilities filed 

bankruptcy due to nuclear procurements that went over budget and/or were not completed.  Utilities 

needed to develop new ways to plan for future procurement outside of the old mindset of constantly 

increasing economies of scale, and regulators needed to institute a system that was more discerning and 

did not nearly guarantee capital recovery through ratepayers.  As their solution, they began what we 

know today as IRP. 

 

IRP practices are designed to help utilities and ratepayers avoid unnecessary risks by determining the 

most cost-effective procurements well into the future.  The ten to twenty-five-year horizons of IRPs 

allow utilities to visualize the point in time at which they will be required to procure more resources to 

meet their peak demand plus an adequate margin.  By the early 1990s, many of these IRP policies had 

gone through necessary maturation and become fully formed planning guidelines with specific 

requirements (Wilson & Biewald, 2013).  These changes were just in time to meet other simultaneous 

shifts in the energy industry.  Public Utility Regulatory Policies Act (PURPA), originally passed in 1978, 

required utilities to make purchases from qualifying non-utility power producers, most of whom were 

utilizing improved technologies from old-fashioned coal and nuclear plants (PUBLIC UTILITY 

REGULATORY ACT OF 1978, 1980).  New technologies, like utility-scale wind turbines, more efficient 

solar panels, and cogeneration, were now allowed to compete with traditional thermal generation.  IRP 

guidelines effectively smoothed and reduced the risk of the transition from the pre-1978, 

vertically-integrated electricity market to the post-Federal Energy Policy Act of 1992, diversified market 

we see in the West today. 

 

Another important change in resource planning was the inclusion of demand-side resources in addition 

to transmission and generation. The “Integrated” in IRP is in reference to the integration of both 

demand- and supply-side resources in the utility planning process.  Demand-side resources can also be 

referred to as distributed energy resources (DER).  DERs are usually small-scale, geographically 

dispersed, and directly connected to the local distribution network, such as rooftop solar panels. The 

definition of DER has evolved to more broadly cover resources that are deployed at the distributional 

level, including energy storage, electric vehicles (EV), demand response (DR) initiatives, and energy 

efficiency (EE) technologies (U.S. Department of Energy, n.d.).  
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As computer modeling technology has improved, LSEs load forecasts have become more accurate and 

have better reflected DER improvements.  In addition, their environmental assessments have become 

more comprehensive, and are more able to measure the benefits of investing in EE.  Without IRP, the 

energy industry would not have the same level of evidence that end-use energy efficiency is the most 

cost-effective resource (Wilson & Biewald, 2013).  

 

Resource planning has continued to change with the times, as the BPS adapts to the realities of the 21st 

century.  “During the mid- to late 1990s, electric restructuring moved many utilities away from 

traditional resource planning in favor of market-based provision of electric supply;” in order to increase 

efficiency and improve decision-making.  Today, many new challenges such as, “climate change, national 

security, and volatility in fuel and commodity markets can make it difficult to determine the best way in 

which to supply electricity to consumers.” (Wilson & Biewald, 2013) It is clear that IRP processes are a 

key safeguard against future BPS crises.  In later sections of this report, we will survey current state IRP 

Guidelines, balancing authority (BA) IRP practices, and other emerging trends in integrated resource 

planning. (New England States Committee on Electricity, 2015) 
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The State of Resource Adequacy Planning in West 

Challenges in Resource Adequacy Planning 

After years of exploration in resource adequacy planning, regulators and scholars have recognized some 

critical issues with the current process, including untracked front office transactions (FOTs), the “missing 

money” problem, bias in resource selection, and islanded decision-making in the style of the prisoner's’ 

dilemma. Some of these issues, like the “missing money” problem and the prisoner's’ dilemma, have 

troubled resource planners for decades. Other issues like FOTs and bias in source selection, are more 

recent challenges facing regulators as more short-term transactions and variable generation resources 

are incorporated into the system. The following section discussed how these issues impact resource 

adequacy planning and how previous practices fail to address the problem effectively. 

Tracking Front Office Transactions (FOTs) 

Some utilities rely on short-term market purchases, or front office transactions (FOTs), to fulfill their 

resource adequacy requirements in IRPs. For example, PacifiCorp (PacifiCorp, 2017) acquired 

approximately 1,575 MW to 2,400 MW of short-term market purchases for 2017. Its recent IRP also 

indicates that the company will continue to count on FOTs in their future planning. Arizona Public 

Service Electric Company (APS) (Arizona Public Service, 2017) also includes short-term market purchase 

as one of the resources that could be utilized to meet the summer peak demand. In the recent IRP, 158 

MW of market purchases are counted in the resource contribution. 

 

If there is a surplus of capacity in the market, relying on FOTs can be a reasonable low-cost, low-risk 

strategy because the cost of buying electricity in the spot market is relatively lower compared with the 

cost of building new capacity that would be only be used during peak hours. Having LSEs rely on FOTs to 

meet their capacity obligations allows those who have extra capacity to capture more revenue. In this 

case, relying on FOTs is a cost-effective solution with limited to no impact on system reliability. 

 

However, the solution only works if there is no double-counting of generation capacity. Most FOTs are 

standard power purchase agreements that do not specify the source of the power. Relying on 

unspecified FOTs can be risky as many thermal resources are scheduled to retire in the near future. It is 

likely that there will be dramatic decreases in dispatchable generating capacity in some areas, which 

leads to less capacity available at any time on the market. The situation could further deteriorate if a 

critical mass of utilities decides to rely on FOTs to meet their reserve requirements. The liquidity of 

electricity market may not be high enough to support the LSEs to hedge the risk years in advance. In 

addition to that, it is hard for the LSEs to identify key market conditions in real time and extended 

planning horizons, such as: market hubs, product types, the availability of market transactions, 

transmission congestion, and regional resource supply. The ambiguity and lack of coordination in their 

planning contribute to uncertainty in regional reliability and has raised concerns among regulators. After 
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PacifiCorp submitted their 2017 IRP, the PUC (The Public Utility Commission of Oregon, 2018) of Oregon 

required the PacifiCorp to report the current and forecasted use of FOTs through 2036 in the 2017 IRP 

update and repeat its study of trading hub liquidity and reliance risk analysis prior to the next IRP. 

The Missing Money Problem 

The missing money problem refers to when the price of electricity in the market may not be able to 

cover fixed and operational costs, leading to underinvestment in generating capacity and a reduction in 

reliability. 

 

The reason behind this insufficient revenue varies. A typical example is price distortions such as price 

caps, often implemented by regulators to restrain market power. In a market that is not perfectly 

competitive, it is possible that market actors could take advantage of their dominant position by 

withholding production in order to increase the market price and achieve higher profits. However, when 

price increases, it is often hard to distinguish whether it is a result of market power abuse or scarcity in 

the generation capacity. Policies like price caps may lower the price below the level necessary to finance 

investment in capacity inadequacy. 

 

Another primary reason (Bianco, 2017) is the rise of subsidized or mandated renewable generation. As 

more and more authorities set up ambitious renewable generation targets and provide subsidies to 

support their deployment, it becomes unclear whether the future market would be profitable for 

conventional resources. The possibility of declining price and utilization rate leaves little incentive to 

build baseload capacity.  

 

It is also noteworthy that the missing money problem impacts not only conventional resources but also 

renewable resources. Much of the recent development of renewable generation is dependent upon 

financial subsidies whose continued existence is uncertain. If future power and energy prices are too 

low, investors in new capacity may be discouraged from choosing to build new generation, and if they 

sink low enough, prices could even fail to sustain pre-existing capacity.  Other causes (Edenhofer et al., 

2013; Hogan, 2016) of missing money problem include the absence of demand-side participation and 

failure to value the demand for balancing requirements. 

 

Regulators of traditionally regulated markets may consider their mechanism free from the missing 

money concern. The regulated rate of return approach is assumed to provide a stable environment for 

the utilities to recover their investment and earn revenue. However, the approach also gives utilities 

spaces to make poor decisions on building generation units since they are counting on cost recovery 

through the bundled cost-based rates. When ratepayers and regulators recognize that they are paying 

the unnecessary high rates, these generation assets may be stranded, leaving the investors underpaid. 

The pattern may be unsustainable by putting the utilities under the threat of the missing money 

problem. 
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Understanding Capacity Contribution 

Planners have endeavored to ensure resource adequacy and to avoid frequent and unacceptable 

outages for decades. Many of them have also recently started to include carbon emission reductions in 

the IRPs. With more and more renewables entering the resource pool, determining how to evaluate 

their contributions to resource adequacy and comparing them with conventional resources becomes a 

critical problem. 

 

It is generally suggested that the planners include all available resources as candidates and treat them as 

though they are directly comparable to each other. However, variable renewable resources like hydro, 

wind, and solar often need more adjustment because of their intermittency. Variable generation 

outputs are dependent primarily on specific weather characteristics which do not occur in regular 

patterns, are difficult to predict, and do not match with the diurnal pattern of demand. These 

uncertainties make variable resources non-dispatchable, a characteristic which is not favored by most of 

the planners. 

 

In this vein, methods to evaluate the contribution of variable resources to resource adequacy and 

incorporate them into planning are needed. Counting variable generators’ nameplate capacity is 

unacceptable because this overestimates their contributions to meeting peak demand. Different 

mechanisms have been established and practiced in various IRPs and scientific texts. The approaches to 

adjust variable resources’ capacities so that they are comparable to conventional, dispatchable 

resources’ capacities, range from the use of rule-of-thumb assumptions to sophistication probabilistic 

analyses. Without industry standards or best practices this is an area where the conservative biases of 

planners can result traditional generation technologies being favored over variable generation in 

meeting their resource adequacy responsibilities. 

 

It is noteworthy that these mechanisms differ from each other in data input requirements, calculating 

methods, etc. Besides these, factors like location are also critical in crediting of variable resources 

generation capacity. The details of the mechanisms are discussed in the Advanced Metrics section. The 

mechanisms adopted in a particular area also reflect the importance of different resource types in the 

overall pictures of regional resource adequacy. For example, a region with few hydro generators in their 

power mix may not expend much effort in assessing hydro, while regions like British Columbia need to 

conduct comprehensive evaluations on the reliability of hydro units and the water sources that power 

them (J. P. Pfeifenberger, Spees, Carden, & Wintermantel, 2013). Though the differences in the 

methodologies used by different subregions are understandable, the inconsistencies mean that results 

from different sources are not comparable and difficult to validate. 

 

Consequences of inaccurate counting include relying too much or too little on certain types of 

generation, biasing the energy portfolio towards resources with higher capacity credit rather than 

resources that contribute to resource adequacy (Bothwell & Hobbs, 2016).  For example, 

underestimating the capacity contribution of a resource may lead to building capacity that is rarely used. 

Overestimating capacity contributions may result in building too little capacity and lowering the 
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reliability below expected levels. These biases still exist in today’s resource adequacy planning and 

require more attention. 

Decision Making with Incomplete Information 

In the current resource adequacy planning practices, load service utilities (LSEs) are required to submit 

their Integrated Resource Plans (IRPs) according to the instructions and guidelines released by local or 

regional regulators. These IRPs are then reviewed by the Public Utilities Commissions (PUCs) that 

oversee them in order to see if LSEs meet the minimum reliability and planning criteria. In each IRP, the 

LSE needs to identify all generation resources (including self-owned generation units, long-term power 

purchasing agreements, DERs, and short-term market purchases) that can be used to meet their 

forecasted peak demand plus their minimum planned reserve margin. As there is little cross-checking 

and coordination between these LSEs plans, resource procurement processes are undertaken by each 

LSE independently. This “island planning” situation, puts the LSEs and regulators in the position of 

having to make decisions without information-sharing or active coordination that can converge into 

unsatisfactory outcomes. If all utilities over-build their capacity, retail rates will rise to cover the capital 

investment of new facilities that are underutilized. If a critical mass of utilities decides to fully rely on 

FOTs to meet their reserve requirement, a reliability crisis could arise in the event of a 

larger-than-expected regional coincident peak event. 

 

One way to solve the problem is to expand the planning footprint by creating organizations like 

RTOs/ISOs. These organizations served as planners across utilities to bridge the gaps in coordination. 

They operate the voluntary balancing energy markets to ensure resource adequacy. Information sharing 

and communication can be applied to solve this problem. A more coordinated approach to resource 

adequacy planning is needed. The IRPs submitted by LSEs will need to be jointly analyzed to assess the 

critical generation resources necessary for power system reliability. More consistency in planning 

methods and more cooperative agreements to share existing resources between utilities will bring 

additional cost-efficiency and system reliability. Such an approach can ensure a more efficient use of 

existing generation capacity and transmission infrastructure, incentivize efficient investment in new 

generation, lower the cost of system reliability, and support the orderly retirements of old generation 

units. Our framework directly targets these barriers to coordination by providing regulators and industry 

decision makers with the information they need to break the trap of the dilemma. 
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Resource Adequacy in the Western Interconnection: Today and 

Tomorrow 

This section of our report seeks to answer the question: how is resource adequacy being dealt with 

today?  In order to answer this question, we will briefly inventory state IRP guidelines and best practices, 

summarize and evaluate recent regional resource adequacy reports, and introduce state actions and 

planning methods that represent the future of resource planning in the West. 

Western Integrated Resource Plan Guidelines and Best Practices 

The IRP process began in the West in the late 1980s as a reaction to the Arab Oil Embargo in the 1970s 
and a rise in unexpected construction costs of nuclear generation facilities (Wilson & Peterson, 2011). 
The federal government took steps to encourage states to adopt rigorous IRP systems, such as the 1992 
Energy Policy Act.  Due to this standardization, many Western states have not strayed far from the 
original federal definition of IRP for an electric utility 

a planning and selection process for new energy resources that evaluates the full range 
of alternatives, including new generating capacity, power purchases, energy 
conservation and efficiency, cogeneration and district heating and cooling applications, 
and renewable energy resources, in order to provide adequate and reliable service to its 
electric customers at the lowest system cost (Wilson & Peterson, 2011). 

In recent years, many IRPs have edited their definitions to include a greater emphasis on public 
involvement, environmental concerns, and technical concerns such as transmission.  This emphasis on 
public involvement is primarily normative, given that, “if there are no new resource acquisitions 
proposed in the IRP, there is often little public interest, and there may be few public comments.” 
(Murray, 2003) However, some commissions are making greater efforts to increase public participation. 
The British Columbia Utilities Commission has published a “Participant Guide” on their website, to aid 
rate-payers in understanding every portion of the rate-making process (British Columbia Utilities 
Commission, 1999).  Much of the data that is required to be submitted to state and provincial regulators 
is kept confidential and is not included in the information released to the public as it is considered 
sensitive information. 

 

IRP guidelines range from short and simple requests that utilities submit something in the spirit of an IRP 

to the state Commission (WY), to detailed requests for multiple portfolio options, low, median, and high 

demand (or load) forecasts, and an action plan to be executed in the next two-years (BC, UT, WA, NM, 

AZ, etc.).  Most of these plans operate on two-year cycles, providing commissions with an opportunity to 

do their own evaluations on the off-years when utilities are not required to report.  Plans can vary in 

their forecast horizons, with most between ten and twenty-five years.  California is the only state in the 

Western Interconnection that does not use a longer planning horizon, and instead relies on two-year 

action plans and a backstop procurement policy directed by the California ISO.  For the most part, IRP 

processes are not intended to lock utilities into specific procurement plans that may, or may not, be 

economic when the time comes to build new generation.  The process is somewhat loose, with many 

states not listing deadlines for when plans are required to be submitted in their general guidelines.  IRPs 
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are primarily intended as a tool for later reference in rate proceedings.  Commissions make comments 

on final IRP documents and either fail to recognize them or “accept” them, in which case the 

Commission merely endorses the LSE’s decision-making process at that point in time. 

 

In the more extensive IRPs, utilities submit detailed information covering their demand forecasts and 

the present and future capabilities of their units.  Evaluations of units typically, “include: life expectancy 

of the resources, the recognition of whether the resource is replacing/adding capacity or energy, 

dispatchability, lead-time requirements, flexibility, efficiency of the resource and opportunities for 

customer participation.” (THE PUBLIC SERVICE COMMISSION OF UTAH, 1992) Customer participation in 

demand-side resources is particularly tricky for utilities to predict, and many commissions require these 

estimations adequately address uncertainty.  For similar reasons, demand (or load) forecasts call for 

clear margins of uncertainty.  Multiple commissions explicitly require low, medium, and high load 

forecasts (AZ, UT).  Some commissions also ask that estimates of demand-side management (DSM) be 

removed from utilities’ load forecasts (BC). 

 

An interesting example of the problem we identify in our proposal, tracking Front-Office Transactions, 

presents itself in the revision of Utah’s IRP guidelines in 1992.  Regulators point out in Section 4.a.i. of 

Docket NO. 90-2035-01 that one of their companies determined that they should over-build capacity in 

order to take advantage of the off-system market (utilities outside of their system, and likely, outside of 

the state of Utah).  The Utah Commission determined that this decision was based upon “assumptions 

about the off-system sales market,” and that, in the future the, “off-system sales market must be 

analyzed in order to evaluate the risks of over- or under-building to meet future system load.”(THE 

PUBLIC SERVICE COMMISSION OF UTAH, 1992) 

 

Other examples of irregularities include the bifurcated guidelines of the Montana Commission and the 

controlling guidelines of California.  A traditional set of guidelines apply to Montana’s one 

vertically-integrated utility, while the second process applies to Montana’s restructured LSE.  The 

primary difference between the two is that the restructured LSE is somewhat deregulated and does not 

require environmental costs to be explicitly quantified (Baldwin, 2005).  In California, PacifiCorp 

complained of a lack of flexibility in resource planning due to the degree of specificity within the CPUC 
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resource mix (CAISO Department of Market Monitoring, 2017).  CAISO’s resource adequacy policy allows 

them to require IOUs like PacifiCorp to procure new generation within their California service area. 

 

While IRP is clearly the chosen method of state regulation within the West, the IRP system comes with a 

few challenges.  The diversity of the form and presentation of IRP guidelines makes navigating multiple 

sets of guidelines more difficult than if a utility were to only have to follow one set of guidelines.  In 

addition, it is impossible for states to gain an accurate picture of resource planning outside of their 

boundaries, a task we see as extremely important for tracking the reliability of utilities leaning practices. 

These and other challenges have long been identified.  However, while it may seem intuitive that 

regional reports would fill this gap, the reality is far from that intuition. 

Recent Regional Resource Adequacy Reports in the West 

Below is a list of recent RA reports within the Western Interconnection.  All of these reports have 

bearing on RA planning, and many of them cover the entire Western Interconnection.  These reports are 

recent, meaning they were published within the five years leading up to the date of this document’s 

publication.  The goal of this section is to summarize the formats of the reports, as well as evaluate how 

effectively they assess regional resource adequacy. 

The 2014, 2015, and 2016 Power Supply Assessments (PSA) 

The Power Supply Assessment (PSA) has measured resource adequacy annually since the renaming of 

WECC in 2002 (Western Electricity Coordinating Council, 2015).   The most recent report was released in 

2016, but the process was discontinued after that report 

 

The report uses a Building Block Reserve Margin (BBM) as its target for reliability in the West.  The BBM 

includes contingency reserves, regulating reserves, reserves for generation forced outages, and reserves 

for 1-in-10 weather events.  Contingency reserves are defined as 6% of the total internal demand, which 

is considered the margin required to meet the need presented by the most severe single event. 

Regulating reserves are the spinning reserves required to backup and balance intermittent resources.  

Reserves for generation forced outages are calculated by finding the, “total forced outages divided by 

total resources reported in the loads and resources data request responses.”(Western Electricity 

Coordinating Council, 2016) Lastly, the reserves for 1-in-10 weather events are the most recent version 

of the PSA’s efforts to capture the potential consequences of extreme weather events in both winter 

and summer and are made up of the average high and low temperature and their associated standard 

deviations.  The calculation of the BBM has changed over time as the methods for determining planning 

reserve margins grew more advanced.  The 2016 BBM target for the entirety of WECC was 15.3% in 

summer and 14.27% in winter, and the forecasted reserve margins for 2026 showed the Western 

Interconnection remaining in the black. All of the tables from the last three PSA reports released by 

WECC can be found in the appendices, as well as links to the underlying data which show detail down to 

the level of maximum and minimum contributions of individual generating units. 

 

It is this access to the underlying data that makes the Power Supply Assessment unique among all the 

resource adequacy assessments in the West.  While it still does not achieve a gold standard of 
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transparency, it is the closest of all the assessments in the West.  The PSA also contains above average 

charts and tables displaying their primary findings.  The numbers they report include: net internal 

demand, anticipated internal capacity, wind/solar/hydro MW and percent-of-nameplate contributions 

expected on peak, imports and exports between subregions, and anticipated resource reserve margins 

in MW and in percent form. 

 

PSA assumptions closely match those listed by WECC in the NERC Long-Term Reliability and Seasonal 

Assessment. The primary findings are those evaluating the case that only includes existing generation 

and future generation that is well on its way to being built.  WECC’s transmission assumptions exclude 

transfers from outside of the Western Interconnection and include internal transfers as resources.  The 

model does not however, include contractual commitments.  WECC explains that this is so, “that 

capacity margins reflect potential conditions that are independent of variable contractual transfer 

assumptions.”  The PSA also states clearly that WECC does not adjudicate whether or not a generating 

unit is likely to become non-operational due to environmental concerns. 

 

The shortcoming of the PSA series is that WECC has repeatedly changed their methods and rendered 

comparison between the documents highly difficult.  Between 2014 and 2015 WECC switched models 

from the ABB/Ventyx modeling tool, Promod IV (Promod) to a new modeling tool, GridView.  However, 

despite many references to the desire to make data consistent and comparable between years, WECC 

did not redo past years modeling with GridView, making the different PSAs completely discrete. 

Because of this, each PSA must be taken on its own terms and references to changes between PSAs 

should be avoided.  To compound this concern, there is no language in the PSA documents that express 

this difficulty or refer to past PSAs.  Both the 2015 and 2014 PSAs reference the WECC Power Supply 

Assessment Policy.  However, the document is no longer accessible on the WECC website.  WECC does 

not intend to replace the PSA but is considering producing a revised version of the report at some future 

date. 
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The Northwest Power and Conservation Council Pacific Northwest Power Supply Adequacy 

Assessment for 2023 (Northwest Power and Conservation Council, 2018a) 

The Northwest Power and Conservation Council represents the states of Idaho, Montana, Oregon, and 

Washington.  The organization works on both the regional power plan and a fish and wildlife program, 

both of which function in tandem to preserve the Columbia River.  As part of their 6th Power Plan in 

2011, the NPCC set a regional adequacy standard for Loss-of-Load Probability (LOLP) at 5%.  The purpose 

of the Pacific Northwest Power Supply Adequacy Assessment is to, “‘provide an early warning should 

resource development fail to keep pace with demand growth.’” (Northwest Power and Conservation 

Council, 2018b) Their 2018 report on RA in 2023 found that the Northwest region will be inadequate by 

2021 due to the retirements of Centralia 1 and the Boardman coal plants (1,330 MW combined).  The 

Council anticipates that the shortfall will worsen in 2022 with the retirement of, “the North Valmy 1 coal 

plant, the Colstrip 1 and 2 coal plants and the Pasco gas-fired plant.” (Northwest Power and 

Conservation Council, 2018a) 

 

The 2023 Power Supply Adequacy Assessment includes existing resources, planned resources that have 

been sited and licensed, and the Council’s energy efficiency targets.  The Assessment did not count 540 

MW of wind, 800 MW of other generation types, and 400 MW of demand response that are planned by 

2021 in their aggregated resources.  The analysts included relatively little trading capacity with the 

Southwest, and their analysis was based on the medium load growth forecast.  Under multiple different 

sets of assumptions that increased trading capacity and adjust load growth, the Northwest was able to 

achieve adequacy.  The analysis was conducted using the GENESYS model and was aided by the 

Resource Adequacy Advisory Committee (RAAC).  All shortfall events took place in the winter months of 

December, January, and February. The NPCC estimates that approximately 300 MW would need to be 

added by 2021 and another 300 to 400 MW in 2022 in order to ensure adequacy in the Northwest 

states. 

The 2017 North American Electric Reliability Corporation (NERC) Long-Term Reliability and 

Seasonal Assessment (LTRA) (North American Electric Reliability Council, 2018) 

The purpose of the NERC LTRA is to consolidate the reliability assessments of the different Regional 

Entities who oversee the Bulk Power System (BPS) in the United States and Canada.  One of those 

regional entities is WECC.  The WECC portion of the assessment begins on page 70 and covers nine 

pages.  The report lists total internal demand (MW), MW of demand response (DR), net internal demand 

(Total - DR), anticipated resources (over next ten years), prospective resources (over next ten years), 

anticipated reserve margins (over next ten years), prospective reserve margins (over next ten years), 

and the reference margin level.  For each subregion, they include a table which lists the existing on-peak 

generation in the season with the highest peak (winter or summer).  Next to the table is a chart, showing 

the different reserve margins over the next ten years.  According to the report, which heavily relies on 

WECC’s discretion, the only causes for concern over reliability are the continuing constraints stemming 

from the forced inactivity of Aliso Canyon natural gas storage facility.  The report also briefly mentions 

that, “three 55 MW oil-fired units in CAISO (WECC-CAMX assessment area) will be needed through 2018 
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to ensure reliability,” and that, “CAISO’s board of governors extended a ‘reliability must-run’ (RMR) 

contract in September 2017 [to those units] located near Oakland, CA.” 

 

WECC details its methods beneath the summary pages that make up the bulk of the Western portion of 

the report.  For their PRM calculation, they do not specify their exact methods except to make clear that 

they do not use a 1-in-10 Loss-of-Load Probability (LOLP) calculation, a common calculation used to 

determine PRMs.  Instead, WECC says that it uses a method, “based on “contingency reserves, 

regulating reserves, forced outages, and a high temperature adder.” Due to the fact that the methods 

descriptions are nearly identical, it is likely that this is the same method as that used in the PSA to 

determine the BBM, meaning that they are using their BBM calculation as their PRM in the LTRA.  WECC 

does not clarify the number of years they use to generate their load forecasts, they do not explicitly 

state whether they left DSM resources out of their load forecasts, and they use an insufficient number 

of years to accurately calculate the average contributions on peak of their variable generation (5 years 

vs. the NREL recommended 8) (Milligan, 2011).  They handled shared resources well, including resources 

physically outside the system, limited to the amount the owner/partial owner is entitled to.  WECC did 

not include transfers into, and out of, the Western Interconnection. 

 

The next NERC LTRA will be released in early December 2018. 

The 2018 WECC Natural Gas Study (Wood Mackenzie, 2018) 

The natural gas study commissioned by WECC and performed by Wood Mackenzie found that demand 

for natural gas for the purpose of generating electricity is expected, “to increase by 30% by 2026.”  The 

study recognizes that natural gas development is essential to maintain the current growth rate of 

renewables.  They report concerns over resource adequacy in the Southwest and in Southern California 

if there were to be a massive pipeline disturbance.  In the event that the El Paso pipeline were to 

experience a large-scale outage close to its source, the report posits that there would be insufficient 

excess capacity in the Northwest to supply Southern California and the Southwest with adequate gas 

and power to keep the lights on.  The report found that Northern California and the Pacific Northwest 

would be able to meet their subregional needs using existing transmission if a large-scale outage were to 

occur.  

 

The five recommendations of the report are: improve coordination, resource adequacy assessment, 

curtailment priority policies, forecasting & execution, and gas-electric day mismatch.  Enhancements of 

resource adequacy assessment would require, “greater transparency of firm gas supply contracting and 

linkage to power plants served in planning reserve margin reports to allow for more robust planning 

processes.”  Most of these recommendations rely on, and are directed towards, industry action.  They, 

primarily, do not present action items for policy makers. 
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The Government Accountability Office (GAO) Report: “Electricity Markets: Four Regions Use 

Capacity Markets to Help Ensure Adequate Resources, but FERC Has Not Fully Assessed Their 

Performance” from December 2017  

While this GAO report primarily focuses on the four RTOs who use capacity markets (a description of 

which can be found in the section of this report titled, “Market Structures, Regulations, and Other 

Developments”) within the United States, portions of the report also cover non-capacity markets like the 

Western Interconnection.  The report states, “due to differences in regional approaches to ensuring 

resource adequacy, consistent data on resource adequacy are not available in regions without capacity 

markets. More specifically, the data on capacity commitments, which are an indicator of resource 

adequacy in regions with capacity markets, are not available for regions outside RTOs.”  The report also 

criticizes FERC’s data collection from both RTO and non-RTO electricity suppliers.  The report identifies a 

serious lack of standardization of key terms and metrics, especially between regions.  Before 2016, FERC 

also failed to collect underlying data, and instead, accepted graphs and metrics without the means to 

independently verify them.  In 2017, FERC still did not go through the process of validating the data they 

were sent by LSEs.  The report mentions NERC’s findings that, based on the un-validated data provided 

by the utilities to FERC and NERC, resource adequacy requirements seem to be met. (U.S. Government 

Accountability Office, 2017) 

The Lawrence Berkeley National Laboratory Resource Planning Portal and 2014 “Survey of 

Western U.S. Electric Utility Resource Plans” 

While building an effective resource adequacy data set from the assorted public IRPs in the West may be 

a futile effort, the Resource Planning Portal (RPP) at the Lawrence Berkeley National Laboratory (LBL) is 

close to completing this task.  They maintain a database of resource planning documents and numbers 

starting in the year 1910 with observations ending in 2055.  They have two primary options, “Analyze 

Plans” and “View/Download Data”.  Within the “View/Download Data” portion of the portal, the 

researchers include a plot that is helpful for visualizing the current and future resource mix and a map 

that labels balancing authorities with active IRPs, their total capacities in the year selected, as well as 

their percent renewables, percent natural gas, and percent DSM.  The left hand-side menu also allows 

for analysis of select IRPs, years, generation types, resource types, and contract types.  Within the other 

option, “Analyze Plans”, a user can select a specific plan to be analyzed and can work through the data 

on the different aspects of long-term planning, from DR peak reduction to the owned nameplate 

capacity of a specific plant.  The RPP also includes the fuel type and MW value of utilities’ contracts.  The 

level of detail is impressive given the opaque nature of many IRP documents. 

 

While the Resource Planning Portal is an exceptional collection of public information regarding utility 

planning documents and processes, the portal does not include enough information to allow for 

resource adequacy evaluations.  The capacities listed in the Portal’s tables are nameplate, and do not 

accurately reflect the net dependable contributions of different resources.  The RPP does not include 

specific tracking of short-term transactions between utilities.  LBL does not have the authority to require 

BAs, in the West or otherwise, to submit documentation regarding their long-term planning.  The result 

of this is that their portal is a (nearly complete) patchwork of information, and not a blanket covering 
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the West.  Given these limitations, the RPP is an excellent tool to gain familiarity with the current and 

future state of electrical utility planning in the West, but not sufficient to verify regional resource 

adequacy. 

 

LBL’s “Survey of Western U.S. Electric Utility Resource Plans” from January of 2014 is an excellent 

assessment of planning practices across the Western Interconnection (Wilkerson, Larsen, & Barbose, 

2014).  The report includes comprehensive summaries of planning horizons, preferred portfolios, DSM 

forecast availability, load projections, regional installed capacity, anticipated retirements, and new 

capacity.  The report was intended to answer 

 
(1) what Western electric utility planners are assuming about the future growth of 
electricity demand and supply-side resources; (2) what types of risk Western utilities 
consider and focus on in their long-term resource planning; and (3) how consistent is the 
collection and reporting of resource planning-related data across this region. 

 
While the report was able to gather information on the increase in aggregate energy generation, the 

authors were not able to collect DSM (a primary purpose of IRP processes) from all the utilities that 

responded to their inquiries.  The report unsurprisingly found that close to 90% of the retirements 

within the Interconnection are either coal or natural gas.  Despite these retirements, and evidence of 

growth in renewable generation, the authors expect thermal generation to stay close to 55% of total 

Western generation into 2030. 

 

The primary critiques of the survey were that LSEs inconsistently report their planning assumptions, 

units of measurement, additions to transmission interconnections, etc.  The report states that this lack 

of consistent, publicly available data is a source of cost to LSEs and to their customers, meted out 

through inefficient regional planning processes that result in overbuilding of generation and increased 

rates.  While some states, like Washington, have data standards for LSEs that serve at least 25,000 

customers, these standards do not cover the entire Western Interconnection.  LBL’s report suggests that 

compliance with FERC Order 1000 (which, “requires that regions begin to coordinate their long-term 

planning activities”) could be aided by 

 

(1) promoting inter-regional electric-gas-transmission planning data collection 

standards; and (2) supporting additional development of publicly-accessible databases of 

long-term gas-electric-transmission industry planning assumptions. 

 

LBL concludes that the task of standardization and improving transparency is entirely up to state 

regulators and WECC.  Due to the gaps in the data, the survey was not able to follow this statement with 

a calculation of cost savings from more efficient planning and improved DSM tracking. 

The WECC State of the Interconnection Report and Website 

The WECC State of the Interconnection Report has five sections: Events & Outages, Load, Generation, 

Transmission, and Oversight.  Each of these sections includes short summaries, graphs, and charts 

meant to describe the major concerns within that subject that WECC is actively tracking.  For example, in 
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the “Load” section of the report, the authors define demand and peak demand and they use a color 

graded map to compare both the peak power and the total energy demand of all BAs in the Western 

Interconnection.  The section also includes an additional info box that shows an estimation of current 

rooftop solar installed capacity measured in MW.  The report, while informative to some who may not 

be familiar with the Western portion of the Bulk Power System, is lacking in the detail and depth 

necessary for a successful resource adequacy assessment. 

 

The website comes slightly closer to answering important questions that are a substantial portion of 

determining resource adequacy.  The primary resource adequacy tool the website exhibits is its 

“Generation” tab whose main feature is a map that shows a dot for every generation facility.  Clicking on 

a dot will take the user to a display that shows: the EIA plant code, the utility with primary ownership of 

the facility (but not the breakdown of ownership between utilities and other LSEs), the city the plant is 

in, the state the plant is in, the fuel type, and the nameplate capacity of the plant in MW, the population 

of the closest town, and the population divided by the square miles the facility covers.  The second-best 

tool provided by the website is in the “Interchange” section of the “Transmission” tab.  This portion of 

the website allows the user to click on individual BAs and see how much energy that BA imported or 

exported in 2016.  For example, in 2016 California imported 67,000 GWh of energy from the rest of the 

Interconnection.  There are also multiple sections in the “Events and Outages” tab, which plumb the 

depths of negative occurrences in the Western Interconnection.  The most recent reports can be found 

at the bottom of the list of tabs under “Archive”. 

 

The State of the Interconnection website does not lend itself to rigorous exploration or data analysis.  In 

order to develop a strong understanding of capacity contributions of a specific utility or a subregion of 

the Interconnection, a user would be required to click through each generating unit in each of the 

subject BAs, adding as they went.  Even then, the aggregated capacity that they calculated would not 

demonstrate net dependable capacity contributions or some other, more accurate measure of individual 

unit contributions.  There are also areas where the website fails to meet basic standards of user 

experience.  On the section of the “Generation” tab that is called “Net Generation”, the page does not 

include a definition of net generation. Between the tabs, the data used to build the website is not 

uniform.  Some of the graphs are built from data collected in 2016, and other portions of the website 

display data collected in 2017.  It is also unclear if in the “Interchange” tab under “Transmission” the 

website managers have combined both short-term and long-term sales.  Overall, the website is lacking 

in usefulness and transparency.  This is especially disappointing given that WECC is in possession of the 

necessary data and is capable of generating a comprehensive resource adequacy report (Western 

Electricity Coordinating Council, 2018). 
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New Developments Within the Western Interconnection 

In this section, we introduce some recent changes in the West, primarily in California, that may 

represent future trends or challenges in resource adequacy planning. We first review the development 

and discussion of a multi-year RA framework in California and then investigate emerging RA issues 

stemming from the rise of community choice aggregation. This section concludes with a discussion of 

upcoming changes to the Western United States’ population, economy, and climate. 

The CAISO’s Multi-Year Resource Adequacy Requirements 

There are many mechanisms used for capacity procurement in California, such as the Long-Term 

Procurement Plan authorized by the California Public Utilities Commission (CPUC) and the Capacity 

Procurement Mechanism of California Independent System Operator (CAISO). The most recent 

multi-year RA requirements proposal was brought forward by the CPUC in 2018. It attempts to link 

planning and procurement functions to provide a more holistic and complete view of both short and 

long-term system needs. The benefits of a multi-year RA program include minimizing disorderly 

retirements, encouraging preferred resource participation to meet RPS requirements, and providing 

investment signals for generation resources. The program is expected to ensure procurement of 

essential resources throughout CA’s transition to a low carbon system. 

 

California has considered implementing a multi-year RA requirement framework for several years 

(Energy Division Staff, 2018). The first effort was through Track 2 of R.05-12-013, in which the conclusion 

was “not to proceed with a multi-year forward procurement mandate” because programs like the 

Resource Portfolio Standard (RPS) were already intended to promote new development. In 2014 

(California Public Utilities Commission, 2017), the CAISO expressed their desire for a framework in the 

Joint Reliability Plan proceeding (R.14-02-001). The framework consisted of three tracks: a multi-year RA 

framework, a market-based backstop procurement mechanism, and a long-term reliability assessment. 

However, CAISO also discussed four pivotal issues related to the framework and suggested that the 

consideration of multi-year RA policy may be deferred until “further notice”. The four pivotal issues 

were: 

 

● Whether the current reliability framework is sufficient to ensure reliability 

● Whether the availability of flexible capacity, at that time, was uncertain 

● Whether the Commission should be concerned about the potential for inefficient resource 

retirements 

● Whether the observable pattern of LSE forward procurement justified concern 

 

The conclusion of the CAISO is that the multi-year RA requirements were not necessary at that time 

(2014) because the existing procurement mechanism was sufficient. This year, 2018, the CPUC finally 

adopted an order directing the implementation of a multi-year RA requirement (D.18-06-030). The 

program is expected to be initiated in 2020. Currently, the CPUC suggests developing two-year 

requirements based on CAISO’s one-year-ahead local capacity technical studies, and three-, four-, and 
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five-year requirements based on five-year-ahead local capacity studies. Regarding the amount of 

forward RA procurement, the commission proposed a 100% local procurement requirement for the first 

year, which means the LSEs need to demonstrate procurement of enough capacity to cover 100% of 

local need in the upcoming compliance year. The requirement may decline in later years to avoid 

over-procurement. Many of the details of the new requirements are still under negotiation between the 

regulators and market actors and the CPUC will continue to develop the specifics of the proceeding.  

 

The multi-year RA (California Public Utilities Commission, 2018b) requirements may improve market 

stability by spreading costs of maintenance and operations over multiple years. The implementation of 

the new requirements would also need to be coordinated with current IRP guidelines and other 

regulations to help the CA’s existing electricity reliability framework adapt to meet the changing needs 

from the system. 

Additional Barriers to Resource Planning 

California’s Community Choice Aggregation (CCA) Reforms 

Community choice aggregation (or CCA) refers to an “aggregator formed by local communities under 

state law aiming to negotiate lower energy prices for constituents as well as committing to clean energy 

generation sources” (California Public Utilities Commission, 2018a). It allows the formed entities to 

purchase power, on behalf of their residents, businesses, and municipal facilities, from wholesale 

generators. The certification and compliance requirements remain with the CPUC. However, CCAs can 

set service rates based on the cost of providing services and the right to earn a limited profit by 

themselves.  CCAs can also design their own low-income programs, procurement protocols, and 

reliability strategies. The transmission and distribution of electricity, however, remain with the 

investor-owned utilities (IOUs) and CCAs are required to pay IOUs fixed charges such as grid operations 

charges. 

 

CCAs are growing at a rapid pace that was unanticipated by legislators. Customers in CCA regions are 

enrolled in the respective aggregation unless they opt out. The formation of new CCAs is expected to 

lower the rates of customers because the aggregation of ratepayers compounds their collective 

bargaining power. Nowadays, the CCAs serve about 12% of electricity demand in CA. The aggregators 

are mostly concentrated in the coastal area and in the Central Valley. 

 

The development of CCAs further deregulates CA electrical markets “through dozens of different 

decisions and legislative actions”.  However, the CPUC commented that the changes lead to some trends 

that preceded the last CA energy crisis (California Public Utilities Commission, 2018d). These trends are 

“fragmented decision-making” of new power providers, “poorly coordinated procurement” of resources 

needed to ensure reliability, and lack of a plan for the possibility of power providers failing to meet 

customers’ demand. It is suggested that CA need a “clear long-term vision” for the regulatory framework 

to face these challenges. 
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CCA procurement plans must also take CA’s existing policies into account. For example, the state’s 

decarbonization requirements call for including more renewables, distributed generation, energy 

storage, energy efficiency, and demand response programs in procurement plans. The CPUC annual RA 

program requires all LSEs, including all utilities, CCAs, and service providers, to procure adequate 

capacity to cover their load. This requirement helps to avoid over-procurement or under-procurement. 

The CPUC (California Public Utilities Commission, 2018c) alerted regulators and the public that the 

uncoordinated timelines of the CPUC RA programs and CCA growth may leave many emerging CCAs 

outside of annual RA requirement programs.  In 2018, the CPUC revised their regulations and increased 

the flexibility of the RA program as requested by CCAs. The migration of load to CCAs means that CA’s 

IOUs could have fewer customers and retail sales. This migration creates significant uncertainties for 

market actors since their load forecasts need to be dependable in order to procure sufficient resources 

to meet the demand. Currently, the IOUs act as the providers of last resort and continue to lose 

revenues. It is necessary for the regulators to compensate IOUs and ensure reliability by developing 

effective planning practices alongside growing CCAs. 

Changes in the West  

Socioeconomic factors like population and changes in the economy may be critical to resource adequacy 

as they drive important load and generation considerations such as population growth rate and shifts in 

climate. According to census estimates (United States Census Bureau, n.d.), the total population of the 

Western states has grown from 71.95 million in 2010 to 77.41 million in 2017. The population grew by 

7.6% in seven years, with a 1.05% annual growth rate. Among all the states, Colorado, Nevada, and 

Washington have the highest growth rates. The electric load growth has been relatively flat in many 

parts of the west with the contribution of EE and DR programs. However, how the interplay of 

population growth, the variability of the state economies, the increased penetration of electrically 

powered services, the rising standard of living across the West, and the technological advancements will 

reshape the overall and peak demand for electricity and ancillary services in the future remains unclear. 

Regulators and utility planners need to account for these changes in the region since it takes time to 

build additional capacity to counter the likely increase in demand. 

  

The demand for electricity is sensitive to weather and temperature. The generation of renewable 

resources is also related to weather conditions. In this vein, it is essential for resource adequacy 

research and actions to capture the uncertainty in weather and climate. Planners need to adjust the 

system capacities for extremely low and high temperatures conditions. NERC  (Carden, n.d.) has started 

to study the weather’s impacts on resource adequacy analysis. CAISO also includes 30-year weather data 

in their resource adequacy methodology to better capture weather patterns and long-term changes in 

climate (Cerrutti & Gannon, 2016). The possible link between climate change and the extreme weather 

experienced recently in the West requires the planners to pay more attention to climate change in their 

resource adequacy planning. 
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Resource Planning Outside of the Western 

Interconnection:  

Market Structures, Regulations, and Other Developments 

Energy-Only Markets 

In an energy-only market, the revenues of generation investors come from the sale of electricity and 

ancillary services. In this paradigm, there is no additional compensation for the availability of additional 

capacity.  The return on investment is mainly dependent on the fluctuating price of electricity. In a 

perfectly competitive market, the electricity price would reflect the marginal cost of generating 

electricity (Bushnell, Flagg, & Mansur, 2017a). In this vein, the recovery of the investment would usually 

come from revenues during peak demand hours, when the electricity price would rise above the 

short-term marginal cost. The price during high volume hours may reflect the willingness-to-pay of 

customers and can be much higher than the marginal cost of additional generation. The energy-only 

market usually results in better scarcity pricing in the spot market, which is assumed to be sufficient to 

incentivize investors to build required capacity. However, many researchers and regulators consider it as 

lacking an explicit financial mechanism to ensure system reliability because reliability is not factored into 

the spot price. The construction of a power plant can take a couple of years or more from the planning 

phase to the actual implementation, of which all parts are subject to volatility in the market. There is a 

growing concern that energy-only markets do not support sufficient capacity to provide reliability into 

the future because of the “missing money” problem. In practice, they are often implemented with some 

additional modifications, such as keeping strategic reserves in the system, to make up the weakness. 

  

A major problem associated with energy-only markets is the lack of demand-side participation. In the 

short term, the supply of electricity is relatively inelastic because the amount of capacity is basically 

fixed. In this vein, a small change to the demand can translate to significant changes in the price. During 

the peak load time, the prices adjust to clear the markets and avoid electricity shortages as the demand 

shifts. However, active demand-side participation is rare, and the ability of the market to adjust to the 

price change is limited. Though we have witnessed the rapid growth in demand-response programs, 

electricity demand curves are still relatively inelastic in the short term. There exists a chance that the 

market does not clear and the possibility of painful price spikes. 

  

The other problem is the “missing money” problem. Energy-only market structure are assumed to 

encourage investment with scarcity rent (Bushnell et al., 2017a). However, the rent disappears once 

additional capacity is added. In addition to that, price spikes are often not allowed to happen in the first 

place to protect consumers. In this case, investors are less likely to gain sufficient revenue after building 

new generation. There is also the possibility of utilities abusing their market power by deliberately 

keeping capacity at a lower level to raise electricity prices and capture more revenues. Some regulators 

set explicit or implicit price caps to restrain the market power. The price cap is also commonly 
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considered as a cause of “missing money” problems. Making sure the price rises to the level necessary 

to stimulate enough investment, while simultaneously protecting consumers from being overcharged, 

has become a main concern of planners. As  Cramton and Stoft discussed (Cramton & Stoft, 2006), “the 

missing money problem is not that the market pays too little, but that it pays too little when we have 

the required level of adequacy.” 

 

The only energy-only market in the U.S. is administered by the Electricity Reliability Council of Texas 

(ERCOT). In 2017, ERCOT serves nearly 24 million customers and about 90% of the electricity demand in 

Texas (Electricity Reliability Council Of Texas, 2017). The ERCOT market has abundant natural gas and 

coal resources and continues to see yearly growth in variable generation, such as wind and solar. About 

17% of the power used in ERCOT was generated from wind units in 2017. ERCOT’s record system peak 

demand in 2016 was 71,110 MW (Aug. 11). ERCOT published updated load forecasts and information on 

installed resource capacity in their Seasonal Assessment of Resource Adequacy (SARA) report which 

becomes public every quarter. In the most recent report (Electricity Reliability Council Of Texas, 2018), 

the 2018 fall peak load forecast is 58,619 MW and the total generation resource capacity expected to be 

available during the peak load period is 82,436 MW. 

  

ERCOT does not have any mandatory resource adequacy requirement. Instead, they set the minimum 

target reserve margin at 13.75%. ERCOT is famous for its high scarcity pricing and extensive forward 

contracting. During scarcity periods, the electricity price can rise thousands of dollars higher than the 

operating cost. For example, the maximum hourly average price reached $2,265 in 2014 and $1,204 in 

2015. The scarcity pricing is the implicit approach of ERCOT to improve reliability. The higher the scarcity 

price is, the more generation is built. It can also stimulate the development of demand response 

programs. In order to send accurate price signals to the market, ERCOT employs an operating reserve 

demand curve (ORDC) with the value-of-lost-load (VOLL) equal to $9,000 in 2014 to reflect the marginal 

value reserve in scarcity (Surendran, Hogan, Hui, & Yu, 2016). Under this mechanism, the amount of 

available reserves decreases, and the wholesale price rises until it reaches VOLL. The $9,000 VOLL is also 

considered as a system-wide offer cap.  The FERC (Federal Energy Regulatory Commission, 2016) recent 
1

revision of offer cap in wholesale market set a $1,000/MWh cap on supply offered in day-ahead and 

real-time markets and a “hard cap” of $2,000/MWh on the incremental energy offers used for the 

purposes of calculating locational marginal prices. The ERCOT cap is much higher than other caps of U.S. 

wholesale markets. The scarcity pricing (Cramton, 2017) mechanism not only provides financial 

incentives to investors, but also motivates LSEs to contract for the needed power in advance of real time 

f. These bilateral forward contracts allow market actors from both the load and supply side to manage 

and hedge risk. 

  

In 2017, generator owners in ERCOT announced plans to retire over 5,100 MW of generating capacity. 

The retirement plan, together with growing load and delayed generation projects, leaves ERCOT a 

significantly below its reserve margin (Electricity Reliability Council Of Texas, 2017). The Texas PUC and 

1 The ERCOT system-wide offer cap was $4,500 in 2012 and was raised to $9,000 in 2015. Scarcity Pricing in ERCOT. 
Resmi Surendran 
https://www.ferc.gov/CalendarFiles/20160629114652-3%20-%20FERC2016_Scarcity%20Pricing_ERCOT_Resmi%20
Surendran.pdf 
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ERCOT are paying additional attention to maintaining system reliability and they continue to explore 

methods to ensure resource adequacy. For example, a new PUC rule that became effective in 2018 

requires utilities to notify ERCOT of plans of generation unit retirement at least 150 days in advance of 

that unit going offline, instead of 90 days. 

Capacity Markets 

Capacity markets have been in place in the United States since the 1990s.  They aim to provide 

additional compensation for the availability of additional generating capacity.  By putting a dollar value 

on marginal capacity above expected load, capacity markets signal to investors the value of new 

generation and promote resource adequacy. Unlike in energy-only markets, where only actual electricity 

output is given a price, the ability to generate energy during the time of scarcity is also valued in a 

capacity market. By purchasing capacity, buyers are reserving an option for energy during possible 

shortage periods.  Guaranteeing the adequacy of physical resources to meet peak load is the key feature 

of a capacity market. 

  

In a capacity market, regulators usually implement some mandates or standards for capacity that LSEs 

are required to follow. These standards guide the LSEs to identify the amount of generation capacity 

needed to cover the forecasted load and planned reserve margin. It is the obligation of LSEs to prove 

their ability to serve load. They can acquire the needed capacity through investment in building 

generation, bilateral power supply agreements, and bidding into capacity markets.  Regional centralized 

capacity markets are often overseen by Independent System Operators (ISOs) or Regional Transmission 

Operators (RTOs). The procurement of capacity hedges the risk of serving load for LSEs. It also provides 

the generators with stable payments across hours, rather than volatile rents. Since the suppliers can 

only offer capacity consistent with the physical ability to generate electricity, the system helps ensure 

adequate generation resources. 

  

Examples of full capacity markets in the U.S. include PJM, ISO New England, Midcontinent ISO (MISO) 

and New York ISO (NYISO) (National Association of Clean Air Agencies, 2015). The California ISO adopts a 

bilateral capacity mechanism, which is not considered as a genuine capacity market. There exist 

countless differences in the practices of capacity markets. After years of exploration, scholars and 

regulators have summed up two critical elements of a successful capacity market (J. Pfeifenberger & 

Spees, 2013; Spees, Newell, & Preifenberger, 2013): 

  

● Clearly-Defined Capacity Products and Resource Adequacy Needs 

The general definition of a product in the capacity market is the ability to generate electricity in 

a particular period. A precise definition of the commodity will contribute to the orderliness, 

efficiency, and stability of the market. It is necessary to characterize the product by its resource 

types, ramping capability, seasonal availability, effective load carrying capability or outage rates. 

Some scholars also suggest coordinating the design of capacity products with ancillary services 

and other energy products. In addition to that, the participation of all resource types, including 

conventional, renewables, and demand-side resources is key to the product design. 
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The other significant task for regulators is conducting rigorous load forecasts for the planning 

period and determining the need of supply based on assumptions surrounding future demand 

growth and the target level of resource adequacy. The regulators also need to calculate the 

capacity obligation of each LSE according to its contribution to transmission during peak load. 

These calculations determine the demand for capacity, which sends price signals to the 

investors. 

  

● An Efficient Design of Auctions and the Market 

The auction processes of capacity markets can be conducted in different ways. For example, the 

NYISO market consists of three auctions, a spot auction, a monthly auction, and a capability 

period auction. The spot auction is run several days before the start of each month. This is 

where the participants can bid and sell the products for the upcoming obligation month. The 

monthly auction covers any obligation month in the capacity period. The capability period 

auction allows the LSEs to procure capacity at six-month terms. These short-term auctions 

mainly aim at providing payments to existing generators. Besides the above-mentioned 

auctions, forward capacity markets (ISO New England, n.d.), which are conducted several years 

in advance of delivery, are also getting more attention. In the forward markets, resources 

compete to obtain a commitment to supply capacity in exchange for market-priced payments. 

The mechanism encourages capacity investments by allowing new generators to compete with 

existing suppliers and exert influence on market prices. It not only increases the financial 

certainty for investors, but also builds forward visibility for regulators. 

  

The advantages of capacity markets include stronger guarantees of adequate resources and 

coordination between investments and retirements. The major controversy regarding the mechanism is 

that it subsidizes polluting units and does not perform well incorporating demand-side resources. There 

also remains some debate about the cost-effectiveness of the mechanism. 

 

Rate of Return Regulations 

Rate-of-return regulation is the traditional way of financing generation infrastructure in the United 

States.  While the East and Texas have reformed their market structure, the rate-of-return mechanism is 

still implemented among most Western utilities nowadays. The general approach of the rate-of-return 

regulation is for the utilities to identify the need for new investment in generation units and then submit 

proposals for building new capacity to satisfy the need. If the proposal is approved by the regulators 

(usually PUCs), the utility may invest in new generation infrastructure and recover the investment costs 

at an allowed rate of return after finishing the construction. 

  

Rate-of-return regulation has proved itself by providing the U.S. with a stable level of resource adequacy 

(Bushnell, Flagg, & Mansur, 2017b). It protects consumers from spikes in electricity prices and assures 

that producers receive profits. These features have encouraged active participation of utilities when 

investment is deemed necessary by regulators. The rate of return varies from state to state and is mainly 

set by state PUCs. In 2015, the average rate of return for electricity utilities in the U.S. was about 10.13% 
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(Girouard, 2015), lower than many other industries because the low level of investment risk. From the 

perspective of regulators, this approach has been successful and easy-to-conduct for decades. 

  

This approach is mostly criticized from an economic perspective. One of  the major concerns is the cost 

of resource adequacy created by this mechanism (Perkins, 2014). The rate-of-return implicitly 

incentivizes utilities to overbuild generating capacity in order to increase capital investment returns. The 

utilities also have little motivation to increase the efficiency of their power plants. The phenomenon is 

also referred as the Averch Johnson effect. In other words, the utilities have no incentive to minimize 

their costs because they will recover all of their expenses after construction is completed regardless. The 

other critical problem associated with the regulation is time delays. The utilities need to invest 

considerable capital before receiving any revenue. The lag may cause severe problems if the utility 

experiences a postponement or an overrun during construction. Nuclear plant projects of the 1970s and 

1980s are typical examples of this situation (Bushnell et al., 2017b). Though suffering from extensive 

delays and over-expenditures, the utilities were reluctant to give up and continued to pursue the 

completion of the projects in order to receive their guaranteed returns. 

  

Rate-of-return empowers regulators to have control of the amount of generation capacity installed in a 

market. It also lowers the risks faced by investors, which attracts investments in capacity and nearly 

assures resource adequacy. The cost efficiency of the market structure, however, has driven some 

regulators to switch to deregulated frameworks, such as the energy-only market and capacity market. 

New Developments in Resource Markets Outside of the United States 

Europe 

In some European countries, there is a growing concern that the current electricity markets will not 

deliver adequate capacity to cover demand in all future situations. These markets are facing 

unprecedented challenges as they step forward on the path to deep decarbonization. By producing 

electricity at low marginal prices, fast-growing renewable resources diminish incentives for new 

investment in generation that may be needed to ensure the security of electricity supply. 

 

This concern is motivating European countries to explore different ways of ensuring resource adequacy. 

For example, Finland and Sweden have kept strategic reserves in order to handle potential electricity 

shortages (Botterud & Doorman, 2008). Strategic reserves, also called peak load reserves, are generating 

units or interruptible demand contracts that are kept and monitored by regulators, to be deployed 

during scarcity periods (Bhagwat, Richstein, Chappin, & de Vries, 2016). The controversy of strategic 

reserves mainly focuses on their high operating costs. In Sweden, old generating units serve as strategic 

reserves to avoid decommissioning, despite their limited economic prospects. Sweden has about 1,500 

MW of strategic reserves and is planning to replace all current generating reserves through market 

solutions by 2020 and only keep demand response contracts as reserves (THEMA Consulting Group, 

2015). However, the plan is on hold because of difficulties in increasing demand response. Meanwhile, 

Denmark is considering adding 300 MW of strategic reserves from their system’s 2016 levels. 
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While endeavoring to achieve resource adequacy within their borders, European countries are also 

promoting cross-border transactions to more efficiently use available resources. The Nord Pool market 

has served to provide a simple, efficient, and secure trading environment for 20 members countries for 

25 years and has helped promote the efficient use of energy across Nordic borders. A more ambitious 

and extensive framework in Europe (Council of European Energy Regulators, n.d.) is to “create a single, 

competitive, efficient and sustainable internal market for gas and electricity in Europe.” Organizations 

like the Council of European Energy Regulators (CEER) and the Agency for the Cooperation of Energy 

Regulators (ACER) have initiated proposals on a fully integrated internal energy market (IEM) in the 

European Union (Agency for the Cooperation of Energy Regulators, 2017). The development of 

appropriate governance to ensure compatibility within and between regions is crucial to this approach. 

The implementation of the IEM would need to be thoroughly assessed to avoid bureaucracy and to test 

its coherence with decision-making at EU level. 

 

The development of the IEM reflects a trend of enhancing coordination in regional resource adequacy 

planning. For example, countries in the Nordic and Baltic regions are highly integrated in terms of both 

transmission lines and generation capacities. Load and supply conditions in these countries are often 

strongly related. Capacity challenges are rarely isolated to only one country, so it is natural to assess the 

adequacy from a regional perspective. A regional perspective on resource adequacy can also create 

savings when spare generating units are shared between countries. However, effective regional 

coordination requires prudently designed policy. Otherwise, new risks and uncertainties will be added to 

the system. 

 

In 2009, the European Network of Transmission System Operators for Electricity (ENTSO-E) was 

established by the EU’s Third Legislative Package for the IEM (European Network of Transmission System 

Operators for Electricity, n.d.). ENTSO-E represents 43 electricity transmission system operators from 36 

European countries. It aims at ensuring optimal management of the electricity transmission network and 

allowing trading of electricity across the borders. So far, ENTSO-E has contributed to proposing network 

codes, establishing an integrated network modeling framework at the EU level, and developing an 

EU-wide, ten-year network development plan.  

 

ENTSO-E embraces the ambition to harmonize resource adequacy methodologies across Europe with a 

special emphasis on unified inputs, system flexibility, and interconnection assessments (European 

Network of Transmission System Operators for Electricity, 2017). It has been contributing to developing 

a clearer definition of industrial standards among EU countries, such as the target level of Loss-of-Load 

Expectation (LOLE). It also releases the Summer and Winter Generation Outlook and Mid-term Adequacy 

Forecast (MAF) report every year (the MAF report used to be named as Scenario Outlook & Adequacy 

Forecast (SO&AF)) (European Network of Transmission System Operators for Electricity, 2014). These 

reports highlight the security of the regional and national supply and discuss possibilities for neighboring 

countries to support the overall generation balance in crucial periods. While ENTSO-E is developing a 

common methodological basis for resource adequacy planning, it recommends maintaining national 

assessments to preserve better granularity of the evaluation. This mechanism keeps authorities 

accountable for meeting obligations of resource adequacy within their states, while overlaying related 

responsibilities at the European level (Frontier Economics, 2017). Besides the above work, ENTSO-E 
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collects and collates historical data, including generating capability, cross-border transactions, and load 

observations, from member TSOs. The datasets are published on their website and are available to the 

public. 

Canada 

In 1996, Alberta transited from a regulated market to an energy-only market. Since then, the 

energy-only market has functioned well, attracting sufficient investment in generation and ensuring a 

reliable supply of electricity. In November 2016, however, the Alberta government announced that the 

province would introduce a capacity market to “ensure that consumers are protected from price 

volatility with a reliable supply of electricity at stable, affordable prices” (Government of Alberta, 2016). 

The government believes that the adoption of a capacity market will benefit the consumers by 

significantly reducing market uncertainties and price spikes, promoting efficient utilization of the 

existing transmission system, and accommodating initiates into energy-efficiency programs. 

 

The drivers behind Alberta’s transition include: 

 

● Alberta’s strong determination to reduce carbon emissions and develop sustainably. Starting in 

2015, the government announced several policies that aim at improving environmental 

regulations and reduce greenhouse gas emissions. An example of these policies is the Climate 

Leadership Plan (Alberta Climate Change Office, 2018). The plan sets a mandatory phaseout of 

more than 6,000 MW of coal generation and a target of 30% renewable electricity by 2030. To 

achieve the target, the Alberta Electric System Operator (AESO) administers a competitive 

process for companies to bid on building renewable energy projects in order to add about 5,000 

MW of renewable generation. 

 

● A downward trend in the wholesale prices of electricity in Alberta since 2014 (Alberta Market 

Surveillance Administrator, 2018). Some scholars argue that the declining costs of natural gas, 

wind, and solar resources play an important role in the drop of clearing prices (Brown, 2018). 

The decline of prices, together with more stringent carbon emission regulations, reduces the 

profitability of non-renewable resources. 

 

The anticipated changes in capacity mix have created potential risks of system operation that planners 

must counteract. More investments in dispatchable generation are needed to make up for the 

increasing share of intermittent resources and the retirement of coal generation. However, the 

government’s vigorous support of renewable generation may depress market prices paid to those 

dispatchable generators. If prices continue to stay below the level of covering fixed and operational 

costs, underinvestment in dispatchable generation could be inevitable. In addition to low revenues 

during off-peak hours, the price cap of the Alberta energy-only market ($999.99/MWh) may also serve 

as a cause of the missing money problem during peak hours. These concerns motivate the Alberta 

government to reexamine the current energy-only market mechanism. The AESO has developed 

quantitative models to analyze whether there will be enough revenue in the market to drive an 

acceptable level of supply-side resource adequacy (Alberta Electric System Operator, 2016). The results 
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indicate that this is not the case, and that the reserve margin achieved by the energy-only market would 

fall below an acceptable level in the future. 

 

The above concerns have motivated the government to transition to a capacity market, better able to 

ensure system reliability. The transition process is expected to take three years, and the new market will 

be in place by 2021 (Alberta Electric System Operator, n.d.). However, the switchover requires 

regulators to pay extra attention to the design of the new market to make sure it will fit with the 

attributes of Alberta’s electricity system. For example, unlike many other jurisdictions, the residential 

electricity demand in Alberta is only a small portion of overall electricity demand. The majority of load 

comes from the commercial and industrial sectors.  In addition, Alberta’s electricity market is relatively 

more sensitive to the fluctuations of global crude oil prices because many of their industrial customers 

are members of the oil industry. The Alberta market is winter-peaking, and relies on considerable 

natural gas generation units to meet both winter and summer peak (Charles River Associates, 2017). The 

temperature sensitivity of gas units requires planners to recognize the seasonality of gas supply.  All of 

these features contribute to the complexity of AESO market design and operation. 

 

Compared with energy-only markets, capacity markets rely on administrators to specify parameters 

(such as the demand for capacity) for the normal functioning of the market. By setting the demand 

curve, regulators can affect the clearing price of the market and the level of investment. In this vein, it is 

essential for planners to design these parameters carefully. Otherwise, the market may not be able to 

incentivize the ideal level of investment in capacity. Policy planners also need to ensure the 

compatibility of the capacity market and the existing load-serving market structure, which will help 

reduce uncertainties in both markets and build up investors’ confidence and trust. 

 

  



33 
 

 

Ideal Collection 

Our Proposed Information Collection Framework 

Our intention is to generate a minimalist, first-step solution to the long-term problem of ensuring 

regional resource adequacy.  Our information collection framework is designed to require no additional 

calculation by utilities, and instead rely on numbers that are readily available, even to those utilities 

without set IRP practices.  The goal is to aggregate this information in a standardized form for easy 

comparison and evaluation by regulators. 

 

Because of the simplicity of our framework, stemming from a desire to limit the burden placed upon 

Western Utilities in complying with the requests of the entity, there are limitations to the claims 

supported by our calculations.  This framework will help regulators know where to look for problems 

and when to be concerned, but it will not perfectly describe the resource balance of the Western 

Interconnection. 

 

The key issues we target are: the tracking of front office transactions, resource bias (properly adjusting 

capacity from nameplate), and sub-regional information sharing. 

Description of Data Requested 

The information requested in this framework is the result of research, a simulation modeling the 

calculation of net physical position, a thorough investigation of past Power Supply Assessments, and 

information gathering from a sampling of IRPs within the Western Interconnection.  At this point in time, 

the framework does not attempt to take stock of transmission resources.  Instead we assume 

transmission is available, and we prioritize subregional balancing and trading over the balancing of the 

full Western Interconnection.  

 

While we appreciate that the information requested is simple, imperfectly standardized, and likely to 

overestimate the resource needs of the Western States, it is a first step towards an ideal resource 

adequacy information collection framework. 

 

The table below provides detailed information specifying the data the information collection framework 

would gather. 

 

Data 
Requested 

Description Example Justification In PSA 
(Y/N) 

LSE Identifying 
Information 

BA/IPP/LSE Long Name, Standard 
Abbreviation, Sub-Regional 
Assignment 

PacifiCorp East, 

PACE, Rocky 

This is necessary information in order to 

properly identify and categorize the 

Yes 
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Mountain Reserve 

Group (RMRG) 

utilities and independent power 

producers. 

Expected 
Summer and 
Winter Peak 
Loads 

Date, Hour, and MW Value of 
expected seasonal peak loads for 1, 2, 
5, and 10 years out from the current 
year 
 
The expectation is that utilities collect 

daily information on load, and 

therefore should have adequate 

forecasting to supply a seasonal peak 

estimate.  

The peak load value provided must 

not include any alterations due to DR, 

DG, and EE reductions. Instead, those 

numbers should be reported along 

with the supply-side resources. 

See Load Forecast 
Table* 

We ask that summer and winter peaks 
are specified so that regulators can 
better understand the proximity of the 
different utilities’ peaks.  We also need to 
know the MW value of the load because 
the final calculation is the net physical 
position of the utility (the amount long or 
short a utility is relative to their demand). 
 
The DR, DG, and EE exclusion 
requirement is in place to ensure that the 
peak loads from all utilities can be fairly 
aggregated and compared. 

Yes 

Planning 
Reserve 
Margin (PRM) 
and Actual 
Reserve 
Margin (RM) 

Seasonal (Winter/Summer) % and 
MW PRM (and RM) for 1, 2, 5, and 10 
years out from the current year 
 
If the utility sets a minimum 
requirement for itself, it should report 
that baseline 

15%, 350 MW 
PRM in Winter and 
Summer; 15%, 350 
RM in Winter and 
Summer 

Most utilities use the metric PRM to 
determine the amount of reserves they 
require.  Regardless of whether or not 
the utility uses LOLP-calculated PRM to 
make procurement decisions, it is still a 
quantity that can be somewhat easily 
reconciled with regional PRM and 
research on economic PRM 
management. 

Yes/ 
No** 

Length of 
Forecasting 
and Planning 
Horizon 

The length of the IRP horizon and 
utility documentation cycle 

Forecast 20 years 
into future, 
Repeat/Update 
planning 
documents 
annually 

Helps the entity to understand the time 
frame the utility is considering, as well as 
the detail and accuracy of the load 
forecasts and planning documentation. 

No 

Flexibility 
Awareness 

Indicates whether or not the utility 
considers flexibility explicitly within 
their IRP 

True Flexibility is becoming more and more 
important to the BPS because of the 
penetration of variable renewables. 
Faster ramp times, even in areas where 
there are limited renewables generators, 
can benefit those utilities who need that 
dispatchable generation to meet steep 
changes in supply and demand. 

No 

Nameplate 
Capacity 

Nameplate capacity of all generating 
units expected to operate in the years 
reported (1, 2, 5, and 10 years out) 
 
“Expected to operate” is defined as all 
projects that will produce power in 

Unit = Merwin-1, 
Resource = Hydro,  
MaxCap =  
45 MW 

In order to adequately understand the 
contributions of power plants that are 
shared between utilities the report needs 
to include the nameplate capacity of the 
entire plant.  This will also allows 
regulators to check that all utilities are on 

Yes 
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the year reported. 
BAs should only report new builds 
that will be fully operational during 
the subsequent year, the two-year 
window, and the five-year window. 
For the ten-year time scale, it is 
acceptable if the additional planned 
capacity is still in the early stages of 
planning. 

the same page about the same plant. 

Net 
Dependable 
Capacity 

Seasonal (Summer/Winter) Net 
Dependable Capacity of all generating 
units 
 
This includes all capacity that is 
retiring and estimates for those 
resources in the construction process. 
If a unit is retiring, its net dependable 
generation must be reported in the 
subsequent years of the report as zero 
This metric is meant to capture facility 
sharing agreements as well.  In order 
to avoid double counting the capacity 
given to a facility and inaccurately 
counting the contribution of the 
utility. Percentages should be the net 
dependable capacity multiplied by the 
proportion of the unit the utility is 
entitled to use. 

Resource Type = 
Hydro, 
Summer = 80% of 
nameplate, 
Winter = 95% of 
nameplate 

This metric takes into account the 
physical limitations of generating units, 
as well as the portion of a specific plant 
that an individual utility controls.  This is 
essential because no generating unit 
consistently performs at its nameplate 
capacity. 

Yes*** 

Capacity of 
long-term 
PPAs 

Capacity of all long-term PPAs 
expected to operate in the years 
reported, source unit/LSE, and the 
end date of the contract. 
 
LSEs should report with the same level 
of detail as nameplate capacity.  If the 
source unit is identified in the 
contract, the source unit should also 
be identified in the survey response. 

300 MW from 
PGE, dispatchable 
at any time, 
expiring January 
2022 

One of the primary functions of this 
framework is to track purchasing 
agreements between LSEs.  Without 
being able to quantify and source 
long-term purchases, the entity will not 
be able to determine if resources are 
double-counted. 

No 

Capacity of 
Front Office 
Transactions 

Capacity of all Front Office 
Transactions (short-term, non-specific 
purchases) listed throughout the 
years reported. 

300 MW on peak Tracking FOTs is a key issue the 
framework is designed to target. 
Without FOT tracking the framework 
would not be able to calculate regional 
market balance.  

No 

IPP Capacity 
and Long-Term 
Obligations 

Nameplate Capacity and Net 
Dependable Capacity for each unit 
and Proportion/MW value already 
spoken for  
 
(As described above in Nameplate 

See examples 
above 

While IPPs do not have load to serve, 
they have generation they can contribute 
to the overall system.  Collecting this 
information from IPPs allows the entity 
to include that contribution into our 
accounting of the net physical capacity of 

Yes 
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Capacity, Net Dependable Capacity, 
and Long-Term PPAs) 

the area.  Subtracting the MWs of 
Long-Term Obligations allows us to count 
the MWs that remain tradable. We also 
ask for the sub-regional destination so 
that our sub-regional balancing efforts 
can accurately reflect IPP contributions. 

 

*  

** While the PSA tracks PRM at the sub-regional level, it does not track PRM at the utility level.  While 

these numbers will not be reported, they will be collected in order to create sub-regional and regional 

summary analyses. 

*** The PSA report does include data on “certain” generation but does not include a clear definition of 

“certain” within the extended PSA documentation. 

Products of the Framework 

The result of calculations using the data listed above will be a representation of the net physical position 

for the both the entire Western Interconnection and its sub-regions.  Net physical position will be 

calculated as the aggregate of relevant LSE’s load forecasts and planning reserve margins (margins 

required for reliability, not actual reserves) less the sum of the net dependable generation of all of the 

relevant generating units and all of the long-term purchase agreements.  Front office transactions are 

not included as a resource, due to the fact that an essential part of this framework is tracking whether or 

not regulators should have concerns about the underlying support for these short-term purchases. Net 

physical position can also be thought of as the physical balance of the sub-region that allows regulators 

to see if the unassigned physical capacity can meet the FOT demand. 

 

The figure below shows three simplified scenarios the framework is designed to identify.  In the first 

image, both utilities in this subregion possess the built capacity to meet both their demand and their 

planning reserve margins.  Neither utility requires FOTs to meet their obligations.  The subsequent 

scenario shows a region where one utility is relying on FOTs to meet their obligations (forecasted peak 

load and reserve margin).  Because the second utility is carrying excess capacity that it does not require 

to meet its own peak, that utility is able to support their neighbor’s FOTs.  In the last scenario, the larger 

utility is leaning heavily on FOTs to meet their forecasted load and their reserve margin.  The other 

utility within the region is heavily committed and is not carrying enough excess capacity for those FOTs 

to come directly from the neighboring utility.  Given the friction of transactions in the Western 



37 
 

Interconnection, this sub-regional shortage could potentially present a reliability problem and would 

definitely result in outsized costs to 

utilities and to ratepayers. 

 

The data collected will also provide 

opportunities to evaluate other 

important requirements for 

contemporary utility planning.  Issues 

like flexibility-mindedness and PRM 

calculation method will be catalogued 

and tracked for the eyes of regulators. 

 

Regulators will not receive a 

utility-level breakdown of these 

circumstances.  The purpose of this 

framework is to help regulators 

identify possible resource concerns, 

not to facilitate blame and punishment 

of utilities who may have chosen to 

take on more risk during their IRP 

process. 

 

Instead, reports from the entity would 

include graphs similar to the figure 

below, which comes from the last 

available WECC Power Supply 

Assessment.  The shortcomings of this 

particular graph are varied.  First, 

instead of measuring the reserves in 

MW, the graph shows them as a 

percent value over the load forecast. 

Second, the graph uses a reliability 

benchmark metric called the “Building 

Block Margin” (depicted as a black line) 

which involves combining four 

complicated calculations, and which is 

insufficiently described in the documents in which it is explained.  Third, readers of the report must 

search for the “Generation Resources” portion of the report in order to understand which resources are 

contained in each of the bars of the graph.  Essential to this framework is clarity, efficiency, and 

transparency.  Equivalent graph products from the entity managing the framework would include: only 

one set of bars which were clearly identified, a y-axis measured in MWs, and clearer benchmark metric 

for a reserve margin. 
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Advanced Metrics 

Our proposal is a minimally demanding solution to the current resource adequacy problem. By gathering 

the basic data, it is expected to provide elementary but critical information to assist stakeholders in 

decision-making. The framework as it stands would serve the pressing needs of the Western 

Interconnection, but could be continuously improved in precision and clarity. Some additional pieces of 

information that would be beneficial to a more accurate and forward-thinking capacity tracking practice 

include, 

 

Methods Used to Determine the PRM Level 

The level of PRM can be determined by benchmarking to reliability metrics, such as Expected Unserved 

Energy (EUE), Loss of Load Hours (LOLH), and Loss of Load Events (LOLEV). These metrics measure the 

expected amount of shortage load or the hours and can be used to reflect the magnitude, duration, or 

the frequency of the reliability events.  

 

When determining the ideal level of PRM, planners use modeling approaches, such as Monte Carlo, to 

perform a series of reliability modeling simulations. Usually, a target reliability metric is set, and 

different levels of PRM are tested to see if the resulting reliability metric meets the target. The 

simulations could also produce marginal costs of reliability with varying levels of PRM.  Planners select 

the target PRM level based on the above simulation results.  An example of this method can be found in 

the 2017 PacifiCorp IRP (PacifiCorp, 2018). The other approach to determine the optimal PRM level is to 

find the level that minimizes system costs. An economic level of PRM is set by comparing the cost of 

additional generation capacity and the reliability costs avoided by adding new capacity. The advantage 

of this approach is that it avoids using metrics that may be unfamiliar to the general public, and instead 

presents the costs and benefits, which are generally understood by stakeholders. This method has been 

utilized in some analyses. For example, the Brattle Group conducted a study for PUC Texas to estimate 

the economically optimal reserve margin in ERCOT using this approach (Milligan, 2011).  
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There remain considerable variations in how planners implement these analyses and calculations. They 

may choose different targets and metrics and adopt different assumptions and models in the process. If 

BAs and IPPs could report details about the methods used in determining PRM levels, it would 

contribute to the accuracy and validity of the assessment. 

 

Methods for Calculating the Capacity Contributions of Intermittent Resources 

The contributions of intermittent resources to meet peak demand are variable and uncertain. System 

planners have been trying to establish a counting mechanism to evaluate the capacity credits of these 

resources, such as wind and solar. This credit reflects how well a generation resource can meet 

reliability conditions and reduce the occurrence of outages and other reliability events. There is 

currently no industry standard or regulation governing these calculations, and inconsistent methods are 

used by different jurisdictions.  

 

A typical method is to calculate the average capacity factor during peak load hours. This is defined as the 

net dependable generation output of the resource during peak hours divided by its nameplate capacity. 

This method reflects the historical performance of the resource based on existing data. However, it can 

result in errors due to interannual variability. The National Renewable Energy Laboratory has 

determined that in order for the results of this method to be accurate, at least 8 years of data must be 

included in the average. The other approach that has been widely adopted is to evaluate the Effective 

Load Carrying Capability (ELCC), which disaggregates the contributions of different types of generators 

to overall resource adequacy and is considered the most accurate method to evaluate the capacity 

contributions of renewables in a reliability context. The calculation of ELCC also involves simulations of 

other system reliability metrics, such as LOLE, LOLH, and EUE. The ELCC of an intermittent resource is 

defined as the capacity of a conventional generator that yields to the same reliability level as the power 

system of the intermittent resource. Power plants that are constantly reliable during the hours of peak 

load have higher ELCC scores while less reliable plants have lower scores. The ELCC method requires 

detailed data of all generators in the system. It is costly and computationally intensive to calculate ELCC, 

especially if the utility is not already tracking solar and wind contributions rigorously. 

 

The wide variation in implementation of the above methods leads to inconsistent estimations of 

intermittent resources within the Western Interconnection. For instance, when applying the first 

method to calculate the capacity contribution of wind resources, the PJM uses the capacity factor 

between 3 pm and 7 pm in June, July, and August to estimate the contributions of wind generators, 

while Idaho Power uses data from 4 pm to 8 pm in July (in their respective time zones). (Milligan & 

Porter, 2005) Other planners have the flexibility to choose different time periods that are considered 

peak hours in their area. When implementing the ELCC method, planners need to make decisions on the 

categorization of generation resources, the time frame, and the reliability metrics. It may be valuable to 

recommend standardizing the assessment of capacity credit to enhance the compatibility of the 

collected data. In 2014, the California PUC proposed a comprehensive calculation methodology for ELCC 

of wind and solar resources (California Public Utilities Commission, 2014). We propose that data 

contributors share the details of their capacity contribution calculation with the clearing house for 

further comparison and a better understanding of impacts of inconsistent methodologies.  
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Methods for Incorporating Distributed Energy Resources (DERs) 

DERs, including distributed generation, energy storage, electric vehicle, demand response, and energy 

efficiency, introduces planners a new perspective to ensure power supply. Instead of exploiting 

supply-side resources to meet peak demand, the planners can rely on DERs to reshape the demand 

curve and achieve the balance between supply and demand. DERs have also demonstrated potential of 

reducing cost of the achieving resource adequacy. For example, due to the participation of about 7 GW 

demand response resources, the clearing price of 2012/2013 PJM capacity market ended at 

$16.5/MW-day (PJM, 2015). It could have reached up to $179/MW-day if demand response had not 

been included in the market. It is estimated that in the 2012/2013 PJM capacity market, DR accounted 

for about 10% of the available capacity in the market and saved PJM consumers about $12 billion. 

  

The increasing adoption of these resources by ratepayers themselves also challenges the traditional 

resource adequacy planning, in which DERs are often considered as exogenous factors. In other words, 

the generation and procurement of DERs are forecasted separately, rather than being truly integrated 

into the planning process as supply-side resources are. There is a renewed need to better incorporate 

the evaluation of the DERs in long-term resource planning. The difficulties associated with the 

integration include identifying new approaches to define the capacity contributions of DERs, 

understanding customer behaviors and rate mechanisms in a reliability context, assessing transmission 

availability, forecasting future public policy trends, and estimating impacts from factors such as fuel 

prices and technological advancements. 

  

Some pioneering planners, such as PacifiCorp, have started to explore the DER planning (Corfee, 

Stevens, & Goffri, 2014). Though DERs are envisioned to become integral and dependable resources, 

there is still a long way to go before they could be fully incorporated into planning processes. The 

following section introduces some methods to incorporate different types of DERs found in the available 

cases. 

 

Distributed Generation (DG) 

With the rapid development of distributed generation resources across the country, incorporating DG is 

a significant expansion of the scope of resource adequacy planning. Compared with other generation 

resources, DG is basically out of the direct control of the utility and ISO planners. For this reason, most 

utilities view DG as an exogenous aspect of the planning process currently. However, there is a growing 

trend to evaluate DG similarly to the traditional supply-side resources within an IRP. Among existing 

practices, the approach of incorporating DG can be separated into the following subsections: 

 

i. DG Forecast and Uncertainty Management 

Methods used to forecast DG adoption. Some LSEs develop their own market diffusion 

model, such as PacifiCorp (Corfee et al., 2014). Some utilities develop their forecast 

based upon the analysis published in the EIA Annual Energy Outlook (Tennessee Valley 

Authority, 2015). To address uncertainties, such as fuel prices, financial subsidies, in the 

future adoption, some utilities produce forecasts by developing multiple scenarios.  
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ii. System Integration of DG 

Some planners only consider DG as a change in the peak load hours while some others 

generate hourly load profiles to be used in the systematic analysis of the 

cost-effectiveness of other resources. The integration of DG resources also involves 

identifying their capacity contributions because many of them are intermittent.  

 

iii. Cost-Effectiveness Analysis and DG Target 

System planners can evaluate the cost-effectiveness of DG and consider possible 

investment to meet load. This is a key step towards treating DG equally to supply-side 

resources. By doing so, some utilities go to further lengths to incorporate DG targets as 

part of their resource planning. However, considering that most planners treat DG 

exogenously in utility planning, there are few examples of identified DG deployment 

targets (Kahrl et al., 2016).  

 

Demand Response (DR) and Energy Efficiency (EE) 

Demand response (DR) refers to changes in electric usage by end-use customers from their regular 

consumption patterns. These changes can be in response to shifts in the price of electricity over time, or 

to incentive payments designed to induce lower electricity use during either periods of high wholesale 

market prices or when system reliability is jeopardized. Energy efficiency refers to using less energy to 

provide the same energy services. These energy alternatives present a new perspective to ensure power 

supply and reduce carbon emission. 

 

In the U.S., many utilities have abundant experience in administering programs of DR and efficiency and 

have included the two resources in their planning though there remain concerns about the speed at 

which the resources can be deployed to reduce the reliability events. DR and EE can be modeled as 

either competitive resources or load modifiers. The former method models the supply curve of demand 

response and/or energy efficiency so that they can be incorporated into the analysis and compete with 

other supply alternatives. The latter adjusts the load forecast to reflect the contribution of demand 

response and energy efficiency. 

 

Given similar assumptions and constraints, the two methods usually produce results that are close to 

each other. Though the two approaches above are straightforward, utilities differ from each other in 

their forecasts of both the effects of retail rate designs on future levels of investment in demand 

response and energy efficiency, and the magnitude of their customer responses to incentives. Similar to 

DG, there is a trend to treat these two demand-side resources comparably to supply-side resources. 

However, a comparison of practices in integrating energy efficiency in six states shows that utilities vary 

greatly in their implementation of such programs (Lamont & Gerhard, 2013). 

 

The above advanced metrics reflect recent trends and progress in resource adequacy planning. 

Differences in resource endowment, market structure, and technological development lead to 

inconsistent practices in planning methodologies. To promote a regional aggregate planning mechanism, 

it is necessary to overcome these discrepancies while preserving the diversity of the Western 
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Interconnection. Though these advanced metrics are not included in the current information collection 

framework, they are key candidates to be integrated in future steps. At some point, planners will need 

to understand and employ advanced metrics to provide a better solution to the resource adequacy 

problem. 

 

Other Gaps in Our Framework 

While adopting this framework is a step in the direction of sufficient resource planning in the Western 

Interconnection, it remains incomplete.  There are three major problems with the framework that could 

be solved in the future if the entity and process were to be adopted: load forecasting bias, burden 

sharing, and enforcement. 

 

Load Forecasting Bias 

The first problem is the inaccuracy of the aggregate load forecast.  While most utilities within a 

sub-region of WECC will peak within a few hours of each other, this is not the case for the entire 

Western Interconnection.  Many LSEs rely on transfers from other regions to meet their needs in the 

event of a sub-regional coincident peak.  The truly difficult event to plan for is the Interconnection-wide 

peak, which can only be calculated using complete forecasted load shapes for every single LSE operating 

within the Western Interconnection.  This information is, justifiably, very secure but without it there is 

no way to calculate the actual regional peak. 

 

 

 

Our calculation is biased towards flagging sub-regions whose aggregated load may be significantly larger 

than any actual coincident peaking event that may occur.  This bias is not possible to quantify.  However, 

our framework still achieves the stated goal of this project, which is to transparently account for the 

resource adequacy of the Western Interconnection, including the use of FOTs. 

Allocating Responsibility for Capacity 

Our framework does not provide an enforceable system for assigning responsibility to contribute to 

capacity.  Actuating this framework does little to actively prevent some utilities from excessively and 

furtively leaning on the built capacity of others.  The way the market functions now, while utilities that 

build to their reserve margin may benefit during coincident peaks when prices soar, these gains can be 
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insufficient to recoup the expense of new capacity.  Unspecified FOTs can create circumstances in which 

leaning utilities double count and exceed their neighbors’ abilities’ to support them. These points of 

friction are especially significant given that the Western Interconnection is not an energy-only market, 

built on solving the missing money problem through increased risk (ex. ERCOT).  While we appreciate 

the independence of Western LSEs, a centralized planning group with the ability to set capacity 

contribution goals at the subregional level and require LSEs to bid on portions of the capacity 

responsibility would ensure resource adequacy, an equitable and economic distribution of responsibility 

between LSEs, and a more stable electricity market for consumers.  This centralized system would also 

allow for proper planning to ensure Western generation meets and exceeds Renewable Portfolio 

Standards (RPSs) and is adequately flexible to meet the need generated by increasing reliance on 

intermittent resources. The importance of rising to these challenges is multiplied by reduced water 

levels, growing populations, and gradually increasing loads.  Our proposal does not include such a 

centralized system but is merely a step towards a higher level of coordination and self-knowledge for 

the Western Interconnection. 

Enforcement of the Framework 

Currently, the framework exists as an intellectual exercise without an organization with the authority 

and will to implement our system.  Without an individual or entity desirous of tackling the resource 

adequacy challenge our framework will not be implemented, and resource adequacy will continue to be 

governed by piecemeal IRP policies and opaque national reports.  It is our sincerest desire that a state 

regulator, state energy staffer, or some other influential policymaker take our framework and make 

steps toward implementing it. 
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Conclusion 
As this report has demonstrated, the West can no longer afford to look the other way on ensuring 

resource adequacy.  Our current system requires re-evaluation and enhancement to track Western 

resources and loads.  Regulators can no longer reasonably assess resource adequacy in silos. 

Organizations in the West which are tasked with addressing resource adequacy at the regional level 

have largely failed to provide state regulators with the information and analysis necessary to assure 

them of regional RA.  Reports on regional RA suffer from a lack of consistency, transparency, and rigor. 

 

We have proposed an information sharing framework designed to aggregate load forecasts and 

generating units, track unspecified front-office transactions, and determine whether there is enough 

physical capacity to meet the needs of a specified subregion and the greater West.  Our proposal 

outlines products from an entity that, unlike past regional reports, is designed for accessibility.  Instead 

of graphs, tables, and descriptions that are difficult to interpret, the report’s contents would be written 

and designed for consumption by audiences not steeped in bulk-power system modeling tools.  This 

extended report itself is our attempt to clarify the work that has already been done, and to identify the 

gaps that have yet to be filled. 

 

While our proposal is not a perfect solution to RA assessment in the West, it does constitute a first step 

towards effectively understanding RA in the West.  Our proposal dodges barriers to a regional entity that 

controls and standardizes RA in the West, that would require high-level proprietary information (for 

example, load shapes), and that would play a more active role in the execution of resource planning. 

Instead of asking LSEs and states to give up their independence, our proposal would work with them to 

use the tools they already produce and have access to, would aggregate their findings, and would make 

honest and public assessments about the physical position of the West.  Our proposal would not change 

methods, but would serve the interest of state regulators by collecting data on those methods so that 

best practices can proliferate across the region.  Our goal in presenting this proposal is to prod the 

regional conversation in a new direction, one that may strengthen reliability, encourage collaboration, 

and enhance planning practices in the West. 
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