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I.  Introduction 

The power sector is expected to undergo fundamental changes in the coming years with the 

retirements of some conventional fossil-fueled power plants in response to various state and 

federal environmental regulations, the improving economics and increasing installations of 

distributed generation (DG), and the additions of more VG (VG), both utility-scale and 

distributed.  Greater generation and flexibility, and perhaps greater flexibility in electricity 

demand, is considered valuable and a topic of much discussion among academics and industry 

stakeholders.  The California Independent System Operator’s (CAISO’s) “duck chart” (see 

Figure 1) depicting the sharp drop in net load at times of high VG production has become well 

known and has sparked discussions of how to encourage more flexibility in the power sector. 

Figure 1.  CAISO Duck Chart 

 
_______________ 

Source: CAISO, Flexible Resource Adequacy Capacity Requirement Amendment, 

August 2014, http://www.caiso.com/Documents/Aug1_2014_TariffAmendment-

FlexibleResourceAdequacyCapacityRequirement_ER14-2574-000.pdf. 

The State Provincial Steering Committee (SPSC) and the Western Interstate Energy Board 

(WIEB) held a forum on system flexibility at their October 2014 meetings in San Diego.  In 

preparation for the forum, WIEB hired Exeter Associates, Inc. (Exeter) to review a small number 

of Western utility integrated resource plans (IRPs) and to interview utility personnel, resource 

modelers, and state regulatory staff on the topic of system flexibility.  A primary purpose of the 

project was to discern the capabilities of resource planning models to model flexible generation, 

as well as determine how utilities and state regulators are assessing the need for flexibility.   

http://www.caiso.com/Documents/Aug1_2014_TariffAmendment-FlexibleResourceAdequacyCapacityRequirement_ER14-2574-000.pdf
http://www.caiso.com/Documents/Aug1_2014_TariffAmendment-FlexibleResourceAdequacyCapacityRequirement_ER14-2574-000.pdf
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Subsequent to this introduction, this paper describes the project approach, briefly summarizes the 

treatment of flexibility in utility IRPs, and discusses the results of the interviews that Exeter 

conducted.  The paper concludes with a summary. 

 

II.  Approach 

The project was conducted under a compressed schedule, and to simplify the project, only a 

small sample of states and utilities were selected.  Therefore, the views expressed by 

interviewees and the conclusions in this paper should be viewed as representative rather than 

definitive.   

WIEB and Exeter selected six states for closer examination, with three states selected because of 

specific actions the states and/or utilities have already taken regarding flexibility (California, 

Colorado and Oregon) and three states where flexibility is under discussion (Arizona, Nevada, 

and New Mexico).  Except for California, Exeter then picked one utility from each state to 

review their IRP and to interview representatives from the utility and state utility regulatory 

commissions.  The CAISO was picked for California.  Exeter also selected Arizona Public 

Service (Arizona), Public Service Company of Colorado (Colorado), Portland General Electric 

(Oregon), NV Energy (Nevada), and Public Service Company of New Mexico (New Mexico).   

For the interviews, WIEB and Exeter decided to interview utility modelers, utility 

representatives, and state utility regulatory commissions.  Exeter drafted questionnaires for all 

three groups and received comments from WIEB staff, Ron Lehr of the American Wind Energy 

Association, Charlie Smith of the Utility VG Integration Group, and Mark Ahlstrom of 

WindLogics.  The questions are provided in the appendices to this paper. 

Table 1 depicts the companies and state utility regulatory commissions that were interviewed.  

The Arizona Corporation Commission (ACC) declined requests to be interviewed. 

Table 1. 

Companies and State Utility Regulatory Commissions Interviewed 

State Utility Regulatory 

Commission Utility Modelers from Utilities 

California PUC California ISO California ISO 

Colorado Energy Office NV Energy NV Energy 

Nevada PUC Portland General Electric Pacific Gas & Electric 

New Mexico PRC Public Service Company of Colorado Portland General Electric 

Oregon PUC 
Public Service Company of New 

Mexico 

Public Service Company of 

Colorado 

 Arizona Public Service 
Public Service Company of New 

Mexico 

  Arizona Public Service 
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III.  Treatment of Flexibility in Utility Integrated Resource Plans 

Arizona Public Service 

Arizona Public Service’s (APS) 2014 IRP calls for investing $13.6 billion in new generation and 

$496 million in new transmission through 2029.  Almost all of the incremental generation will be 

from solar, wind, and natural gas, with each of those resources more than doubling over the next 

15 years.   

Greater variability and the need for more flexibility were a primary focus in the APS IRP, along 

with reliability, cost, environmental impacts, and risk.  Since 2000, APS customers have added 

over 350 MW of rooftop solar, while APS has incorporated 450 MW of utility-scale wind and 

solar and 20 MW of biomass, biogas, and geothermal.  APS said its portfolio has transformed 

from having limited amounts of variable generation (VG) and large and inflexible coal-fired and 

gas-fired plants to greater amounts of VG, combined cycle natural gas plants, and combustion 

turbines.   

APS noted that solar can substantially change net load, and requires generation that can start up 

in the morning, shut down by mid-day to allow for greater solar production, and restart 

operations in the evening as solar production ceases.  It effectively results in two peaks—one in 

the morning and one in the early evening.  By 2029, APS predicts that solar will reduce the 

minimum load to 1,500 MW from 2,500 MW and that the peak load hour will change to later in 

the day.  APS said the fluctuations in solar energy production adds volatility to APS’ load and 

increases the complexity of managing APS’ generation.  APS also said forecasting the amount of 

planning reserves to carry is complicated by the projected amount of distributed solar projects 

that may or may not be developed, and is not visible to APS dispatchers. 

Noting the rise in DG in its service area, APS stressed the need for greater visibility of 

generation and load, two-way communications with customers, and a smarter energy system.  To 

accomplish this, APS plans to invest $300 million in new grid technologies through 2025.  A list 

of technologies includes, but is not limited to: Advanced Operational Platforms, Automated 

Switches, Communicating Fault Indicators, Advanced Analytics, Substation Health Monitors, 

Communication Infrastructure, Downed Conductor Detection, Advanced Metering 

Infrastructure, Phasor Measurement Units, and Network Protectors.  APS also said it must have 

flexible generation resources to manage the variable output of DG.    

APS used a model for peak demand based on historical load data by trending the historical 

system load factor for the summer months of June through September and applying that load 

factor to the projected load.  APS decided against a customer class-based hourly load model due 

to a lack of data.  A regression model was considered, but it was decided that the model suffers 

from forecast bias by under-forecasting peak loads.  This load forecast was then placed into the 

Promod unit commitment and dispatch model to determine the most economic plan for serving 

load. 
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APS took its forecasted load and growth inputs, such as the gross load forecast, existing 

resources, and planned future resources, and incorporated various risk factors, such as fuel 

prices, CO2 costs, inflation, or regulatory requirements, in order to account for as many variables 

that could reasonably affect APS, were incorporated.  APS used PROVIEW, a resource 

expansion plan optimization software, and created four resource plans:  a Base portfolio which 

opts for a more balanced fuel mix; an Enhanced Renewables portfolio which greatly exceeds the 

requirements of the Arizona renewable portfolio standard (RPS); a Coal Reduction portfolio 

which modernizes the Ocotillo natural gas plant and replaces the Cholla coal plant with gas and 

renewables; and a Coal-to-Gas conversion portfolio where Cholla is converted to natural gas 

generation.  Six scenarios were then devised to test each portfolio:  current projections, cheaper 

natural gas fuel prices but higher capital costs, sustained higher gas prices, increased 

environmental regulation, an economic boom, and a prolonged economic contraction.  APS 

deemed its Base portfolio the most reasonable resource plan after reviewing the various 

outcomes and selected it, albeit with the slight modification of obtaining a new 500-MW gas 

generator two years later than the portfolio suggests and augmenting those two years with 

short-term purchases. 

APS is a member of the Southwest Reserve Sharing Group (SRSG) for spinning reserves, which 

allows the utility to spread reserve requirements over the entire network, as outages in one area 

can be made up for by surpluses in another.  Reserve sharing in the SRSG does not include 

sharing reserves for unexpected ramps.  APS is also reviewing energy storage options, but stated 

that costs need to continue falling before energy storage will be a competitive option for APS. 

APS is seeking approval from the ACC to demolish two of the four existing natural gas turbines 

and install five quick-start natural gas turbines of 102 MW each, or 510 MW in total, at the 

Ocotillo Power natural gas plant in Tempe by 2018.  While more expensive than combined cycle 

natural gas generators, APS believes these are a better choice because of the increased flexibility 

they bring to the power grid.  The cold startup to maximum output time on these turbines is ten 

minutes; nine hours faster than a steam unit and five hours faster than a combined cycle plant.  

This, combined with the small size of each unit, gives APS more flexibility. 

APS’ IRP concluded that lower natural gas prices, tighter federal air quality environmental 

regulations, and increases in solar generation will favor highly flexible natural gas resources over 

traditional baseload resources (APS 2014). 

California Independent System Operator 

California does not have an IRP process per se.  Instead, the California Public Utilities 

Commission (CPUC) holds a biennial Long-Term Procurement Plan (LTPP) proceeding to 

review and approve the California Investor-Owned Utilities’ 10-year procurement plans.  The 

CPUC also has a resource adequacy requirement that load-serving entities (LSEs) demonstrate 

sufficient capacity to meet their expected year-ahead and monthly demand requirements plus a 

planning reserve margin of 15 percent.  LSEs must also have sufficient capacity to meet at least 
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90 percent of their demand requirements for the five summer months (May through September).  

This requirement stiffens to 100 percent for the entire year in local capacity areas set by the 

CAISO.   

In June 2013, the CPUC adopted an interim flexible capacity framework and forward capacity 

procurement obligations for 2014 for CPUC-jurisdictional LSEs (CPUC 2013).  In June 2014, 

the CPUC renewed interim flexible capacity requirements for CPUC-jurisdictional LSEs for 

2015 through 2017.  The CPUC explained that flexible capacity will be a permanent component 

of future resource adequacy requirements, and that the requirements and provisions could change 

based on operating experience (CPUC 2014).   

The CPUC relies in part upon the CAISO’s analysis.  In May 2014, the CAISO published its 

annual flexible capacity needs assessment, where it explained its methodology for estimating 

how much flexible capacity is required for the upcoming year.  The CAISO used current-year 

load data, the load forecast from the California Energy Commission (CEC), and generation 

profiles for wind and solar generators, both existing and those VG plants expected to be in 

service in the upcoming year.  The CAISO then produced minute-by-minute load and net load 

forecasts for the upcoming resource adequacy compliance year.   

Using this data, the CAISO determined the three parts of its flexible capacity needs: (1) the 

largest three-hour net load ramp for each month; (2) the highest of the most severe contingency 

or 3.5 percent of forecasted peak load for each month; and (3) a CAISO forecast adjustment to 

account for how much flexible capacity is used for contingency reserves rather than as flexible 

resource capacity (CAISO 2014a).   

The CAISO then analyzed the distributions of the largest three-hour net load ramps for their 

primary (largest ramp in a day) and secondary (next largest) ramps in order to find their seasonal 

demarcations (see Table 2).  For non-summer months, the maximum three-hour net load ramp 

took place in the evening (October through April), while morning ramps were more prominent in 

the summer months (May through September).  Because of higher temperatures in the summer, 

the CAISO said that the morning load ramp in summer months has more of an impact in 

determining the timing of the net load ramp than the drop-off in solar production at the end of the 

day.  In non-summer months, the net load ramps are more influenced by wind and solar 

generation.  The magnitude of the ramps differs noticeably by month. 
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Table 2. 

CAISO Year-ahead Forecasted Three-hour Net Load Ramps (MW) 

Year January February March April May June 

2014 9,167 8,584 8,341 7,113 5,873 6,189 

2015 9,459 9,257 8,351 7,198 6,117 7,350 

Year July August September October November December 

2014 6,054 6,824 6,239 7,304 8,799 9,648 

2015 6,366 6,098 6,881 8,965 9,595 9,940 
Source: CAISO 2014b: Final 2014 Flexible Capacity Needs Assessment, May 2014, 

http://www.caiso.com/Documents/Final_2014_FlexCapacityNeedsAssessment.pdf. 

 
 

The CAISO has extensively researched the feasibility of integrating large amounts of VG and the 

need for additional system flexibility.  In 2011, the CAISO implemented a Flexi-Ramp initiative 

that holds some flexibility capacity in reserve during system operations to manage up ramps.  In 

October 2014, the Federal Energy Regulatory Commission (FERC) conditionally approved the 

CAISO’s proposal for the creation of a flexible resource adequacy capacity (FRAC) requirement 

and a must-offer obligation (MOO), otherwise known as FRAC-MOO.  In its filing to FERC, the 

CAISO explained that the California RPS will likely result in 20 GW of new renewable energy 

capacity.  Concurrently, California has implemented environmental requirements limiting the use 

of once-through cooling, leading to the possible retirement of 12 GW of thermal generation over 

the next eight years.  Moreover, California is considering policies to support 12 GW of DG.  The 

CAISO proposed the FRAC-MOO because it believes it will require flexible capacity generation 

that can quickly ramp up and down and start and stop operations multiple times per day.   

FRAC-MOO is comprised of several parts: 

 Needs Determination – The CAISO determines the system-wide flexible capacity each 

month via an assessment of the largest monthly three-hour system net load ramps, using 

the methodology the CAISO uses for its annual flexible capacity assessment, as 

explained earlier.   

 Flexible Capacity Categories – The CAISO has three categories of flexible capacity: base 

ramping flexibility, peak ramping flexibility, and super peak ramping flexibility.  Each 

category has specific availability requirements and the CAISO-set requirements for the 

amount of capacity needed in each category.  Base ramping resources deliver six hours of 

energy at their effective flexible capacity value with at least two startups a day, and must 

be available all seven days of the week between 5:00 a.m. and 10:00 p.m.  Peak-ramping 

generators submit economic bids for three-hour blocks, to be determined daily by the 

CAISO, also for seven days of the week.  Super-peak is also three hours of generation, 

but only five times each month and must be available on weekdays except for holidays.   

 Determining the Needed Quantities of Flexible Reserves – The FRAC-MOO is intended 

to address days with two net load ramps, described as primary (the largest net load ramp) 

and secondary (the next largest) (see Figure 2).  The base ramping quantity is based on 

http://www.caiso.com/Documents/Final_2014_FlexCapacityNeedsAssessment.pdf
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the monthly maximum three-hour net load ramps for both the primary and secondary 

ramps.  Peak ramping is the difference between the quantity necessary for base ramping 

and total flexible capacity requirements.  Super-peak ramping is 5 percent of the total 

flexible capacity requirement.   

Figure 2.  Primary and Secondary Net Load Ramps in the CAISO 

 
_______________ 

Source: CAISO, Flexible Resource Adequacy Capacity Requirement Amendment, August 2014, 

http://www.caiso.com/Documents/Aug1_2014_TariffAmendment-

FlexibleResourceAdequacyCapacityRequirement_ER14-2574-000.pdf. 

 Allocation of Capacity – The CAISO proposes to allocate flexible capacity requirements 

based on the LSEs’ average contribution to the five highest daily maximum three-hour 

net load ramps. 

 Demonstration of Flexible Resource Adequacy – LSEs must demonstrate adequate 

flexible capacity on a month-ahead and year-ahead basis.  The CAISO will assess the 

adequacy of these flexible capacity showings using a CAISO-determined flexible 

capacity counting convention, and will have the authority to set the net qualifying 

capacity of system resource adequacy requirements and local capacity requirements 

 Must Offer – FRAC resources are required to submit economic bids into the CAISO’s 

day-ahead and real-time markets for their flexible capacity.  The specific bidding 

requirements for a resource are determined by the flexible capacity category in which the 

resource is eligible.   

 Backstop Procurement – The CAISO will procure flexible capacity if there is a 

system-wide deficiency of such capacity. 

The Western Electricity Coordinating Council (WECC) requires balancing authorities (BAs) to 

maintain contingency reserves equal to the sum of 3 percent of hourly integrated load and 

3 percent of hourly integrated generation,1 consisting of any combination of spinning reserves 

                                                      
1 Formerly 7 percent of peak load, with the requirement that half of the reserve be spinning reserves, this was 

changed in November 2013 and went into effect in January 2014 in the North American Electric Reliability 

Corporation’s (NERC’s) BAL-002-WECC-2 standard.  As such, some IRPs may have included the previous 

http://www.caiso.com/Documents/Aug1_2014_TariffAmendment-FlexibleResourceAdequacyCapacityRequirement_ER14-2574-000.pdf
http://www.caiso.com/Documents/Aug1_2014_TariffAmendment-FlexibleResourceAdequacyCapacityRequirement_ER14-2574-000.pdf
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(synchronized to the grid), supplemental reserves (not synchronized to the grid), load available 

for curtailment,2 and reserves held by other entities that are deliverable on Firm Transmission 

Service or the loss of the most severe single contingency or, whichever is greater.  At least half 

of a BA’s minimum contingency reserves must be spinning.  The CAISO anticipates that some 

of its flexible capacity could come from capacity set aside for contingency reserves, particularly 

the spinning reserves.  The CAISO is concerned that flexible capacity considered as contingency 

reserves may not be available to meet the CAISO’s flexible capacity requirements; FRAC-MOO 

considers the higher of the most severe single contingency or 3.5 percent of expected peak load.  

The CAISO will adjust either the 3.5 percent or the most severe monthly contingency 

requirement, as operating experience is gained with a flexible capacity requirement (CAISO 

2014b). 

Nevada Power 

NV Energy is a holding company with two principal subsidiaries: Nevada Power Company 

(Nevada Power) and Sierra Pacific Power Company (SPPC).  Nevada Power’s peak demand is 

5,933 MW and its total generating capacity is 6,237 MW.  This includes 152 MW of wind 

capacity and 207 MW of solar capacity.  Both subsidiaries file their own IRPs with the Nevada 

Public Utilities Commission (NPUC), and this profile will therefore be limited to Nevada Power.  

Both Nevada Power and SPPC must comply with an RPS that requires both utilities to supply at 

least 25 percent of the electricity they sell to retail customers using renewable energy sources by 

2025, with 6 percent being met by solar energy by 2016.  NV Energy plans to join the 

CAISO-PacifiCorp Energy Imbalance Market (EIM) in October 2015. 

Nevada Power uses population and economic data (historical and forecasts) from Global Insight, 

as well as the Promod model for its forecast.  Weather forecasts are created by using historical 

data to make a “typical day” for each month of the year; Nevada Power then multiplies the 

typical day by seven to obtain a typical week.  Because Las Vegas is a major part of Nevada 

Power’s service territory, the projected growth in hotels and motels is factored in along with 

demand-side management, and distribution-only service, where a customer purchases all their 

electricity, capacity, and ancillary services from a supplier other than a utility.   

Nevada Power’s load forecast relies upon econometric modeling to create system hourly load 

and peak load predictions.  Customer class forecasts—using historical load data through 

September 2012—are aggregated with customer class hourly profiles, which are derived from 

regression models that factor in weather, day of the week, holidays, and seasonal factors, and are 

then aggregated.  The results are adjusted for net metering from solar systems, electrical 

                                                                                                                                                                           
information, but this has been edited herein for the sake of accuracy.  See http://www.nerc.com/files/BAL-002-

WECC-2.pdf for additional information. 
2 For load, this includes demand response resources, demand-side management resources, direct control load 

management, interruptible load or interruptible demand, or any other load made available for curtailment by the 

Balancing Authority or the Reserve Sharing Group via contract or agreement.  In addition, all other load not 

identified above is eligible if the reliability coordinator has declared an energy emergency alert, suggesting that firm 

load interruption is expected or underway.   

http://www.nerc.com/files/BAL-002-WECC-2.pdf
http://www.nerc.com/files/BAL-002-WECC-2.pdf
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vehicles, line losses, and demand response to make a system hourly load forecast.  Summer and 

winter peaks are found by using the maximum hourly load in each season, with the underlying 

hourly class loads based on normal daily temperatures and the peaks representing the 50 percent 

probability cases (see Figure 3).   

Figure 3.  Nevada Power Forecast Process 

 
_______________ 

Source: Nevada Power Company, Emissions Reduction and Capacity Replacement Plan, May 

2014, https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/ERCR_NPC/Vol4-

Narratives.pdf. 

 

Promod is used to evaluate the production costs of potential generation and demand-side 

additions and various scenarios prepared by Nevada Power.  To determine Nevada Power’s 

“open position,” the utility prepares a long-term forecast of annual peak loads, planning reserve 

requirements, and projected annual peak capacity for supply-side and demand-side resources.  

Nevada Power defines its open position as when the sum of peak demand and planning reserves 

exceeds the sum of the capacities at peak for all available supply-side and demand-side 

resources.  Nevada Power annually assesses its expected open position and prepares alternative 

plans that decrease or eliminate the open position with new resources or extending the operating 

life of existing resources.  Nevada Power uses a second model, a company-developed model 

known as Capital Expense Recovery, to estimate annual revenue requirements associated with 

the capital investments required to meet electricity demand for each scenario Nevada Power 

studies.   

https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/ERCR_NPC/Vol4-Narratives.pdf
https://www.nvenergy.com/company/rates/filings/IRP/NPC_IRP/ERCR_NPC/Vol4-Narratives.pdf
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The Nevada Legislature’s enactment of SB 123 will significantly affect Nevada Power’s 

resource mix.  The statute requires the retirement or elimination of at least 800 MW of coal-fired 

capacity by 2019, to be replaced by 550 MW of utility-owned but non-technology-specific 

capacity and 350 MW of renewable energy, 50 MW to be owned by Nevada Power.  Nevada 

Power devotes considerable attention to its plans for meeting the requirements of SB 123 and the 

Nevada RPS, but does not extensively discuss whether more flexible capacity is needed.  Nevada 

Power devised four different plans for meeting this need, with the preferred plan adding 200 MW 

of photovoltaic (PV) capacity by January 2015 and 496 MW of gas-fired generation by October 

2016.  Just over 220 MW of this gas generation is intermediate capacity, and 272 MW is peaking 

capacity.  Nevada Power stated this plan is preferred because it adds enough renewables to meet 

the Nevada RPS but also adds flexible resources (Nevada Power 2014).  The Nevada PUC 

recently declined Nevada Power’s request to buy 200 MW of solar capacity, ruling that it was 

expensive and unnecessary. 

In Exeter’s interviews, as discussed below in Section IV, Nevada Power officials said the EIM, 

the addition of new generating capacity, and the completion at the end of 2013 of the One 

Nevada transmission line that interconnects Nevada Power and SPPC, will meet any flexibility 

needs for Nevada Power.   

Portland General Electric  

Portland General Electric (PGE) used AURORAxmp as the primary model for preparing its 2014 

IRP that was released in March 2014.  PGE used the model for supply and demand analysis and 

to project hourly wholesale electricity market prices for all areas in the WECC.  To do so, PGE 

collected cost information for different generation resource options in order to compute life-cycle 

revenue requirements for each new resource option in PGE’s service territory and for all of 

WECC.  PGE also created a grid topology for the main transmission links in WECC (see Figure 

4), and incorporated planning reserves consisting of 6 percent of load, 7 percent of thermal, and 

5 percent of other generation resources.   
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Figure 4.  WECC Transmission Topology Used in PGE’s IRP 

 
_______________ 

Source: Portland General Electric, 2013 Integrated Resource Plan, March 2014,  

http://www.portlandgeneral.com/our_company/energy_strategy/resource_plann

ing/docs/2013_irp.pdf. 

 

 

The AURORAxmp includes a database that specifies load, expected load growth over time, 

generation and demand resources, transmission availability, fuel prices, hydro potential and 

generation, and emissions generated by dispatched PGE resources for each of the 16 zones in 

WECC.  PGE adjusts the data in the database as needed, reflecting the company’s judgment, the 

counsel of external consultants, WECC studies, and information from the Northwest Power and 

Conservation Council (NWPCC).  The model calculates hourly electricity demand by zone and 

dispatches resources to meet that demand using the least cost resources, accounting for operating 

constraints in WECC and assumptions in the model.  A $16 per short ton carbon cost is 

incorporated into the model starting in 2023, increasing at an annual rate of 8 percent.  Planning 

reserves are also in the model in order to meet the 1-in-2, or once every two years on average, 

peak load while keeping reserve margins of 12 percent to 20 percent depending on the particular 

WECC zone.  Utilities within the NWPP and some public power utilities within California are 

permitted to share contingency reserves, allowing the west side of the Pacific Northwest to 

utilize surplus capacity on the east side of the Cascades.   

Other assumptions include the incorporation of all state RPS targets in WECC and publicly 

announced plant retirements.  The model can retire other generation plants after 2021 when 

http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
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economic to do so.  PGE then creates multiple portfolios of a single resource (e.g., all wind) and 

diversified resources (multiple generation resources, such as combined cycle natural gas turbines 

and spot market purchases).  The 36 portfolios PGE created are then evaluated by multiple 

scenarios, such as varying load growth or higher fuel costs than in PGE’s reference case.  PGE 

determines the expected cost of each portfolio by calculating the net present value (NPV) of 

revenue requirements (PGE 2014). 

The Oregon PUC requires utilities to include predicted flexible capacity requirements and state 

whether utilities have the supply to meet those requirements (OPUC 2012).  PGE conducted a 

flexibility analysis outside of the AURORAxmp model.  Specifically, PGE projected its flexible 

generation capabilities and needs for 2015 and 2020 by building a ramping supply curve.  PGE’s 

analysis relied upon one-minute load data from 2004 through 2006, scaled to 2015 and 2020, and 

simulated wind data from the National Renewable Energy Laboratory (NREL), also at 

one-minute intervals, for the company’s current wind sites at Biglow Canyon and Tucannon 

River.  PGE then calculated net load for every minute for three years, and selected the highest 

and lowest one-minute level as the maximum ramp up and ramp down requirement the company 

would have to satisfy.  PGE repeated its analysis for subsequent time intervals up to one hour in 

duration.   

PGE further split the data into two groups; one containing Quarters 1, 3, and 4, along with a 

group consisting solely of Quarter 2, which corresponds to spring.  Spring can be the most 

difficult time to manage for grid operators in the Pacific Northwest, as hydro and wind can be 

operating at maximum levels and overgeneration conditions can occur.  Dams operating on the 

middle section of the Columbia River, known as the Mid-C hydro plants, lose flexibility in the 

spring months because they must adhere to environmental regulations to support salmon 

migration.  In these models, all hydro is assumed to be operating at its average output level, but 

PGE allowed hydro to ramp down to zero.  The study also included contingency reserves of 

7 percent thermal and 5 percent other generation resources, with half spinning and half 

non-spinning. 

PGE’s available ramping supply includes a share of output from certain dams on the middle 

section of the Columbia River (Mid-C); PGE’s own hydro facilities known as Pelton-Round 

Butte, or P/RB; dispatchable standby generation (DSG), consisting of customer-sited diesel 

facilities; the Port Westward 2 plant, consisting of reciprocating natural gas engines and expected 

to be online by late 2015; PGE’s Beaver combined cycle natural gas plant but operating in 

simple-cycle mode; and automated demand response (ADR).   

PGE notes that hydro is capable of quickly ramping up or down but its other resources can only 

provide ramp up.  PGE states that DSG can ramp up quickly, but generally cannot ramp down as 

DSG is not usually operating to meet normal customer load because of high dispatch costs.  The 

Port Westward 2 and Beaver plants have rapid up and down ramp capability, but PGE assumed 

that the plants are not normally operating at the start of an event based on the plant’s expected 
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economic dispatch.  PGE therefore assumed both plants can provide ramping up but not ramping 

down.  Finally, PGE assumed ADR can also only provide ramping up and only after a delay. 

Figure 5 and Figure 6 depict the analytical results for the demand and supply in 2015 for 

ramping up and down, up to one hour ahead, for Quarters 1, 3, and 4, followed by Quarter 2.  

The figures indicate the 95 percent and 99 percent confidence interval for ramping up and 

ramping down, as well as the maximum ramp up and maximum ramp down.  PGE found that it 

had enough ramp up capability to meet demand for Q1, Q3, and Q4 in 2015.  The supply curve is 

based on “turning on” all ramp up capable resources and moving them up to their maximum 

output levels as quickly as possible.  Due to some resources starting up faster than others, there 

are kinks in the supply curve, but available ramping supply exceeds demand.  While the supply 

for ramping up is less in Q2, the available supply is sufficient to meet demand.   

Less favorable results were found for down ramps for Q1, Q3, and Q4 in 2015.  PGE does not 

have sufficient ramp down capabilities to meet maximum ramp down demand for any amount of 

time.  PGE believes it can meet part of the demand for ramping down by feathering wind 

turbines for a period of time, and meet the rest of the ramp down requirements from PGE’s ramp 

down capable resources such as its hydro facilities.  PGE acknowledges that feathering wind 

turbines is a costly solution because of the lost energy value and production tax credits.  Ramp 

down supply for Q2 in 2015 is almost non-existent because of environmental concerns that limit 

hydro flexibility, meaning that PGE cannot meet the 95th confidence interval for ramping down.   

Figure 5.  PGE 2015 Ramping Supply and Demand (Quarters 1, 3, and 4) 

 
_______________ 

Source: Portland General Electric, 2013 Integrated Resource Plan, March 2014,  

http://www.portlandgeneral.com/our_company/energy_strategy/resource_plann

ing/docs/2013_irp.pdf.   

 

http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
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Figure 6.  PGE 2015 Ramping Supply and Demand (Quarter 2) 
 

 
_______________ 

Source: Portland General Electric, 2013 Integrated Resource Plan, March 2014, 

http://www.portlandgeneral.com/our_company/energy_strategy/resource_planni

ng/docs/2013_irp.pdf.   

 

For 2020, PGE added a 475-MW wind plant, increased ADR by 10 MW, and assumed the 

expiration of 205 MW of capacity from the Mid-C hydro contracts, with an average production 

of 105 MW.  This leads to a general decrease in Q1, Q3, and Q4 ramp up and down capability.  

PGE is thus unable to meet the maximum ramping up demand for periods greater than 40 

minutes with its currently projected available ramp up resources, and has essentially no ramping 

down resources to meet any ramping down demand for any length of time.  Q2 is slightly better 

in terms of meeting ramp up demand, but like the other quarters, there are very little available 

ramping down capabilities (see Figure 7 and Figure 8). 

http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
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Figure 7.  PGE 2020 Ramping Supply and Demand (Quarters 1, 3, and 4) 

 
_______________ 

Source: Portland General Electric, 2013 Integrated Resource Plan, March 2014,  

http://www.portlandgeneral.com/our_company/energy_strategy/resource_plann

ing/docs/2013_irp.pdf. 

 

Figure 8.  PGE 2020 Ramping Supply and Demand (Quarter 2) 

 
_______________ 

Source: Portland General Electric, 2013 Integrated Resource Plan, March 2014,  

http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/d

ocs/2013_irp.pdf.   

 

PGE did not propose any actions to meet the projected need for flexible capacity, but 

acknowledges that the expected supply for ramping up and down is insufficient to meet demand 

http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
http://www.portlandgeneral.com/our_company/energy_strategy/resource_planning/docs/2013_irp.pdf
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by 2020.  PGE said it will further discuss flexible capacity, as well as other projected energy and 

capacity requirements and options for meeting future needs, in its future IRPs (PGE 2014). 

Public Service Company of Colorado 

Public Service of Colorado (PSCo) has 2,168 MW of wind capacity, with another 450 MW 

under development.  Wind power provided 18.7 percent of PSCo’s energy in 2013.  PSCo also 

has about 90 MW of utility-scale solar, with another 170 MW under development, and also 

approximately 200 MW of customer-side PV installed.  PSCo’s peak load in 2013 was 

6,646 MW. 

PSCo last issued an IRP in 2011.  The company relies upon the Strategist model for simulating 

its electrical network.  PSCo conducted a flexibility assessment as part of its IRP, defining 

flexibility as generation that can be brought online within 30 minutes, excluding spinning 

reserves.  PSCo relies upon flexible generation to manage its VG portfolio and net load.  PSCo 

found that it had a surplus of flexible generation through 2018, the last year included in its IRP 

(PSCo 2011).     

On May 15, 2014, PSCo submitted to FERC several proposed changes and additions to its open 

access transmission tariff (OATT), including a new Schedule 6A applicable only to VG that 

PSCo termed Flex Reserve Service.  On December 5, 2014, FERC issued an order conditionally 

accepting PSCo’s tariff for implementation on January 1, 2015, subject to refund, and established 

hearing and settlement judge procedures.   

PSCo defines Flex Reserve Service as a supplemental reserve that maintains generation and load 

balancing in the event of a 100-MW reduction or more in wind generation (30 minutes or more) 

due to losses in wind speed.  PSCo added its Flex Reserve Service in 2008 after experiencing an 

increased number of drops in wind production at discrete time intervals as more wind was added.  

Table 3 depicts the increase in wind down ramps between 2010 and 2013. 

Table 3. 

Largest PSCo Wind Generation Down Ramps by Year 

Loss of Wind Generation Greater than 300 MW 

in 30 Minutes or Less 

(2010-2013) 

 2010 2011 2012 2013 

Average Installed Capacity (MW) 1,259 1,547 1,855 2,173 

Number of Ramps 13 40 59 119 

Largest Ramp (MW) (469) (618) (788) (646) 

Source: PSCo 2014 

 

Previously, PSCo carried the same capacity amount of operating reserves as the installed 

capacity of wind power to ensure that at all times, the loss of wind power can be replaced by 
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available dispatchable generation within 30 minutes.  In 2010, PSCo examined wind ramp data 

and found that the largest loss-of-wind-generation ramps over a 30-minute period were about 

one-third of installed wind capacity, meaning that carrying one-for-one reserves was 

unnecessarily conservative and costly.  PSCo then developed a 30-minute Flex Reserve guideline 

to respond to large loss-of-wind-generation events, defined by PSCo as a loss of 100 MW or 

more of wind power over 30 minutes.   

PSCo explained it cannot use contingency reserves to respond to large wind ramps because the 

North American Electric Reliability Corporation’s (NERC’s) standards on grid disturbances do 

not include large down ramps for wind.  In addition, NERC standards represent grid disturbances 

at 15 minutes or less, but wind ramps occur over larger time periods.  PSCo also does not want to 

use regulation and frequency response reserves, as it would exhaust PSCo’s resources to supply 

such services. 

The rates for the Flex Reserve Service are derived from a two-part formula based on the amount 

of wind generation that is online.  Five energy resource zones (ERZs) are established in 

Colorado, with wind capacity located in Zones 1, 2, and 3 (see Figure 9).  The Flex Reserve 

Service is based on the largest amount of wind generation in any of the three ERZs, up to 

290 MW.  If wind exceeds 290 MW, the following formula is used:  

90.868 *[Total Wind Portfolio Generation (MW)]^0.205 

Flex Reserve Service is supplied by generation that is online but unloaded, generation able to 

start operations in 30 minutes, or interruptible or other non-generation resources able to provide 

capacity within 30 minutes.  Any PSCo transmission or ancillary service customers using wind 

to meet load in or out of the PSCo BA must purchase Flex Reserve Service or self-supply it 

(PSCo 2014).   
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Figure 9.  Map of Colorado Energy Resource Zones (ERZs) 

_______________ 

Source: Public Service Company of Colorado (2014), Proposed Tariff Revisions, FERC Docket 

ER14-1969, May 15, 2014.   

Public Service Company of New Mexico 

Public Service Company of New Mexico (PNM) serves over 500,000 customers in Albuquerque, 

Santa Fe, and the surrounding areas.  PNM has a peak demand of 2,008 MW and a total 

generating capacity of 2,572 MW.  Of that capacity, 204 MW is from wind and 44 MW is from 

solar.  PNM dynamically schedules another 292 MW of wind out of its service area.   
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PNM has discussed VG integration in several forums.  In its 2011 IRP, PNM indicated that it 

was conducting a study to estimate integration costs for various levels of wind generation, taking 

into account geographical diversity (PNM 2011).  Subsequently, in August 2012, PNM filed its 

Load-Following and Renewable Integration Cost Report (PNM 2012) with the New Mexico 

Public Regulatory Commission (PRC) to comply with the final order issued in Case No. 

10-00086-UT.  One of the New Mexico PRC’s requirements for the 2012 report was that PNM 

identify integration costs for renewable resources and explain how such costs are collected from 

ratepayers.  PNM, however, stated that it was unable to quantify the costs associated with 

variable renewable generation because it was impeded by several obstacles, including a lack of 

sub-hourly modeling capabilities, difficulty quantifying incremental maintenance expenses due 

to load following, and an absence of historical short-term load forecasts.  PNM also stated that it 

viewed solar integration costs as negligible at the then-current penetration levels because solar 

projects were small and sited at diverse locations within its footprint.  PNM did assert, however, 

that solar integration costs should be studied further as solar generation increases on its system 

(PNM 2012).  PNM believes that as more solar generation is added to the system, peak demand 

will be moved into the late afternoon (see Figure 10).   

Figure 10.  PNM Typical Peak Day Net Demand After Solar Generation Dispatch 

 
_______________ 

Source: Public Service Company of New Mexico (2014), PNM Draft Integrated Resource Plan 2014-2033, July 2014, 

https://www.pnm.com/irp-2014-meetings.   

PNM defines flexibility as generators able to sync to the grid within ten minutes.  PNM is 

planning to add 217 MW of additional gas-peaking capacity before 2018, increasing its total 

natural gas capacity to 1,149 MW.  PNM said the additional natural gas capacity is necessary for 

maintaining reliable service but also increases system flexibility.  Accounting for PNM’s 

https://www.pnm.com/irp-2014-meetings
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proposed retirement of two of the four units at the San Juan coal plant, PNM’s overall capacity 

will increase from 2008 MW to 2048 MW.  This coincides with a projected increase of solar 

generation by 63 MW and wind generation by 105 MW.  PNM is also looking at building up to 

three 40-MW aeroderivative generators, which are quick-start and fast-ramping gas turbines for 

addressing variability and peak demand.  PNM’s recommended portfolio is intended to “meet 

electric system demand, provide acceptable system reliability and operational flexibility, meet 

applicable legal and regulatory requirements, and minimize financial cost to customers,” 

suggesting that greater system flexibility is a key need for PNM (PNM 2014). 

PNM used the Strategist model for resource planning.  Growth in commercial and industrial 

customer demand was derived by examining the largest commercial and industrial class 

consumers on an individual basis, and then aggregating the rest of the customers by customer 

class and performing a statistical time-series analysis.  PNM estimated residential demand by 

using population forecasts created by the Bureau of Business and Economic Research at the 

University of New Mexico, and deriving a use-per-customer calculation to find total demand.  

PNM used these demand forecasts to create a “typical week” profile for each month in order to 

create a forecast for the entire load.  PNM then prepared multiple resource portfolios to meet 

projected electric demand and used Strategist to determine the NPV of the costs that would be 

incurred over the planning period for each portfolio, including capital investment and O&M 

costs, projected loss of load hours, and CO2 emissions.  PNM also conducted a Monte Carlo 

assessment on the resource portfolios to assess the impact of varying assumptions for load, CO2 

costs, natural gas prices, and wholesale electricity prices.   

PNM is also a member of the Southwest Reserve Sharing Group for reserves, which allows PNM 

to spread reserve requirements over the entire group.  Since 2011, PNM and the Electric Power 

Research Institute (EPRI) have been testing the 500-kW Prosperity combined PV and battery 

storage plant to determine the plant’s capabilities of providing regulation and, more generally, 

the performance of a combined solar and energy storage plant (PNM 2014). 

 

IV.  Interviews with Utility Representatives3 

Defining Flexibility – Definitions were reasonably consistent across the utilities.  The CAISO 

defines flexible generation as having a wide operating range, turns on and off quickly, and is 

otherwise fairly malleable.  The CAISO noted that some generation that is otherwise flexible 

may have a high minimum operating level set point, otherwise known as PMin.  NV Energy and 

PNM defined flexible generation as being able to start up and begin operating within ten 

minutes.  NV Energy also said flexible generation may be needed in multiple timeframes, such 

as within ten minutes or 2-3 hours.  PGE considers flexibility as capacity that can be used within 

an hour for both regulation and for “step changes,” which it defined as 5-10 minutes.  PSCo 

defines flexibility as the ability to vary output in response to a dispatch or other command over 

                                                      
3 Although the CAISO is not a utility, it is grouped in the utility category for convenience and ease of readership. 
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seconds to minutes, measured in MW per minute.  APS considers generation to be flexible if a 

plant can get to full load within ten minutes, have a wide operation bandwidth, can ramp up and 

down quickly, and can start multiple times per day. 

Defining Flexible Demand – There was less clarity in the responses to this question.  PNM and 

PSCo said the definition of flexible generation applies to flexible demand as well.  NV Energy 

said flexible demand is taken into account when planning to serve net load (load minus wind 

minus solar).  NV Energy also does not have an interruptible load tariff except for air 

conditioning load management, which has limits on both duration and frequency.   

Flexibility Capabilities of Existing Generation – The responses to this question were brief—all 

the utilities interviewed know the characteristics and capabilities of each of their generation 

plants and review the information periodically.  PGE recently acquired a system optimization 

tool to access flexibility within PGE’s entire generation fleet, not just hydro or gas units.   

Training System Operators on Flexibility – PSCo said it does train operators on accessing 

generation flexibility, while PGE said it is establishing a flexibility protocol for system operators 

to follow.  Training at PGE will take place within the next year.   

Need for Additional Flexible Generation – All utilities except NV Energy said they need 

additional flexible generation, both short-term (within five years) and long-term (beyond five 

years).  NV Energy said it may need some additional flexibility as the company adds renewables 

to meet the Nevada RPS, but in general, it considers itself long on flexibility, as 70 percent of its 

generating capacity is from natural gas.  The company believes it can provide flexible generation 

to wholesale power markets in the West, notably the CAISO-PacifiCorp EIM that NV Energy 

will join in October 2015.  Other respondents said they expect more VG to be added to their 

systems, both short-term and long-term, driven by state RPS requirements and, perhaps, the U.S. 

Environmental Protection Agency’s (EPA’s) proposed rule on limiting climate change 

emissions, otherwise known as 111(d).  PGE explained that its new Port Westward 2 

reciprocating engine plant, due to come online in late 2015, will help PGE with providing more 

flexibility, but more flexible generation will be needed in the long term, particularly if PGE will 

try to integrate the VG within its service area.  APS has applied to the ACC for approval to add 

five combustion turbines, representing 510 MW, to be online by 2018. 

Increasing Flexibility of Existing Generation – PSCo said it has studied and undertaken actions 

to increase flexibility.  The CAISO said its flex-ramping constraint and FRAC-MOO are 

intended to incent additional flexible capacity.  NV Energy is monitoring technology and 

industry developments.  PGE is retrofitting the plants that provide Automatic Generation Control 

(AGC) to receive an automated signal from an energy management system (EMS), such that its 

new system optimization tool will communicate with the EMS and the EMS would do the 

dispatch, subject to available generation, flexibility, and load demand.  APS retrofitted its Red 

Hawk natural gas plant to reduce minimum load, but said there is more flexibility for new natural 

gas combustion turbines as opposed to retrofitting existing plants. 
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CharacteristicGs of Flexible Generation – PSCo and PNM cited characteristics including quick 

startup, lower minimum load, quickness in synchronizing to the grid, meeting air emissions 

requirements at minimum load, and control range.  The CAISO said for FRAC-MOO, flexibility 

is defined as providing upward ramping capability of up to three hours. 

Need for Flexibility in System Operations – All of the interviewees stressed the need to consider 

flexibility for the entire generation portfolio, not just from a single or small number of plants, as 

well as the different ancillary services that may be required; i.e., regulation, spinning, and 

non-spinning reserves. 

Flexibility Over Different Time Intervals – NV Energy and PNM said flexibility is needed over 

shorter time intervals, such as sub-hourly.  PNM said flexibility for longer time intervals, such as 

for multi-hour ramps of VG, will likely be required as more renewables come online.  PSCo 

stated flexibility is needed more over longer time intervals because of VG ramps.  APS, PGE, 

and the CAISO said flexibility is needed for both short-term and long-term timeframes. 

Cycling Tolerance – All six utilities said they would like flexible generation to be able to start 

operations quickly and be tolerant of cycling.  NV Energy said their contracts with natural gas 

turbine manufacturers or equipment suppliers require the turbines to be tolerant of cycling. 

Communications – All of the interviewees reported communicating the need for greater 

flexibility in various forums: IRPs (APS, PSCo, PNM, PGE); procurement planning (CAISO); 

Certificate of Public Convenience and Necessity (CPCN) cases (APS, PNM); state regulatory 

briefings on its FERC tariff filing for flexible reserve (PSCo); and EIM filings (NV Energy). 

Flexible Reserve Service – Both PSCo and the CAISO report having flexible reserve services in 

place, while NV Energy said its participation in the CAISO-PacifiCorp EIM will aid with 

improving flexibility.  PNM has tried to purchase flexible reserves but does not have such a 

service under consideration.  Neither APS nor PGE are developing a flexible reserve service. 

Demand Response – All six interviewees have demand response programs that are mostly used 

for reducing peak demand.  PNM reports that it has dispatch control over air conditioning 

demand response programs for residential, commercial, and industrial customers, and stated the 

programs are comparable to spinning reserves.  PNM is limited to 100 hours per summer, four 

hours at a time.  The CAISO has three demand response programs, of which one—proxy demand 

resource (PDR)—can bid into the CAISO market.  PDR is an aggregation of demand response 

options.  NV Energy said it is considering using demand response as an option for bidding into 

the EIM, but because it has plenty of flexible generation, NV Energy has not focused on demand 

response as a flexibility option.  PGE is in the midst of demand response pilot programs for 

residential and small commercial customers, focusing on water heaters.  PGE has an established 

demand response program for commercial customers but said it is designed more for meeting 

summer and winter peak demand than for providing flexibility.  APS also has a pilot demand 

response program for residential customers.   



23 

Participation in EIMs – The CAISO and NV Energy will be participating in an EIM with 

PacifiCorp.  PSCo has filed an application with FERC for establishing a three-utility Colorado 

joint dispatch program.  PNM is assessing an EIM with other utilities in Arizona, Nevada, and 

New Mexico, but it is concerned that it does not have enough transmission capacity to take full 

advantage of an EIM.  PGE is considering both the CAISO-PacifiCorp EIM and a regional EIM 

for the Pacific Northwest.  APS hired consultants to do an analysis of the costs and benefits of 

joining an EIM, with results expected in early 2015. 

Dynamic Transfers – All of the interviewees use dynamic transfers.  PNM dynamically transfers 

the output of two wind projects to APS.  PSCo also uses dynamic transfers but argues that a 

common pool of multiple utilities, such as an EIM, is preferred because variability is netted over 

a larger area and among multiple generators, while dynamic transfers simply move the variability 

from one party to another. 

Energy Storage – Five of the six interviewees are dabbling in energy storage to varying degrees.  

PSCo has a pumped storage hydro plant that has been instrumental in providing flexibility.  PNM 

received a U.S. Department of Energy (DOE) grant to interconnect a 500-kW PV system to a 

battery system on the distribution level.  In July 2013, PGE opened the Salem Smart Power 

Center which, at 5 MW, is the largest energy storage facility in the Pacific Northwest.  Energy 

storage in the CAISO is eligible as a non-generating resource, where a strike price is used to 

determine whether energy storage is dispatched.  Energy storage is dispatched if the market price 

is higher than the strike price.   

Seeking Flexibility with New Generation – Each utility had a different response.  PSCo explained 

that it is looking for the least-cost portfolio of resources, with a mix of lower-cost but inflexible 

resources and higher-cost and flexible resources.  PNM said it would include flexibility in future 

RFPs as a criterion for evaluating bid responses.  NV Energy said it is also considering including 

flexibility as an evaluation criterion in future RFPs, but at the moment does not have a formal 

means of evaluating flexibility.  NV Energy said it prefers to own larger generation plants, and 

considers flexibility as an option, although it also does not have a formal means of ranking 

flexibility.  The company said its resource need determines what type of plant is preferred, and 

indirectly, how flexible it will be.  A larger combined cycle gas plant would be preferred if 

energy is needed year-round, but if the resource need is more short-term and for a more limited 

number of hours, then a simple cycle natural gas turbine that is more flexible would be the 

choice.  PGE said flexibility was a threshold requirement in their most recent RFP; bidders were 

disqualified if their proposed generating plants could not start up operations or ramp within the 

hour.  APS said it may have needs for different types of resources, not just flexibility, and its 

proposal to the ACC for 510 MW of combustion turbines will satisfy its need for flexibility in 

the near term.  



24 

V.  Interviews with Modelers 

Exeter spoke to modelers from several different utilities about how their models worked, the 

assumptions they used, and what could be improved.  A variety of planning models were used, 

notably Strategist, Promod, AURORAxmp, and PLEXOS (see Table 4). 

Table 4. 

Resource Planning Models Used by Interviewees 

Utility Model 

Arizona Public Service Strategist, Promod 

California Independent System Operator PLEXOS 

Pacific Gas & Electric PLEXOS, Gridview 

NV Energy Promod 

Portland General Electric AURORAxmp 

Public Service Company of Colorado Strategist 

Public Service Company of New Mexico Strategist 

Puget Sound Electric AURORAxmp + SAS 

 

Data Types – The utilities all generally used hourly data in their models.  Data sources include: 

utility generation and hourly load that the utility already has; WECC load flows; the EPRI’s 

Technical Assessment Guide for information on various generation technologies; natural gas 

prices based on Henry Hub and quotes from brokers; and outages based on historical averages.  

For its more detailed analysis on flexibility, PGE used wind resource data from NREL.   

Modeling Flexible Resources – Interviewees all agreed that current resource planning models do 

not measure the estimated demand or need for greater flexibility.  As a result, some utility 

modelers conducted so-called “side analysis” on flexibility.  As discussed earlier, PGE 

conducted a study of its projected ramping up and ramping down capabilities for 2015 and 2020.  

PSCo examined if it had enough supply of flexible reserves.  The CAISO model study assumed 

that VG could be curtailed as needed if there were ramping constraints or insufficient availability 

of load following, and that serves as a barometer of the need for more flexible generation.  The 

CAISO has asked the CPUC to approve the CAISO doing a separate study, outside of the model, 

that would be a bookend—allowing no curtailment of VG versus curtailment.  APS has 

developed in-house spreadsheet tools to measure the need for flexibility to meet NERC Control 

Performance Standard (CPS2) requirements as established in NERC BAL-001-0.1a and to satisfy 

ramping and quick start needs. 

Some modelers have noted that they would like a more granular approach with a sub-hourly time 

scale and a better overall definition of what flexibility is.  Because of this, some of the utilities 

are considering switching their models to PLEXOS or AURORAxmp. 
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There is progress to report on this front.  WECC is developing a “round-trip” capability in the 

Gridview model that permits the export of a single hour from a production costs model run for 

use in reliability studies (e.g., power flow studies).  That allows for periods of interest to be 

studied more carefully, such as net load ramps or periods of high wind production at minimum 

load.   

WECC also calculates WECC-wide flexible reserve requirements based on 10-minute wind and 

solar profiles.  WECC uses a composite reserve requirement of 4 percent contingency reserves 

plus hourly flexible reserve requirements based on large sub-regional footprints.  In California, 

the CAISO performs a detailed side analysis to estimate more granular regulation and load 

following requirements.  Both of these estimates are key inputs to the data sets used by the 

CPUC in its LTPP and by the CAISO in planning transmission.   

Modeling Reserves – The models include operating reserves, contingency reserves, and planning 

reserves.  The models use perfect foresight and ensure that the required levels of all reserves are 

carried at all times.  The costs of reserves are not separately minimized and instead are part of 

the overall costs that the models seek to minimize.  The CAISO are using two models in the 

CPUC’s LTPP, one deterministic and one stochastic.  Both models use the same basic 

assumptions, including the need for load following, but the stochastic model is designed to test 

uncertainty, with the goal of seeing how the results changed between a perfect foresight and an 

uncertain forecast. 

Desired Future Capabilities of Models – An overall comment echoed by nearly all of the 

interviewees is that the resource planning models have a lower level of granularity than they 

would like.  Examples include Nevada Power and PNM relying on typical days in every month 

based on historical data, extrapolated across entire weeks or months.  Interviewees also note that 

models have perfect foresight and always maintain the pre-determined level of operating and 

contingency reserves.  Such an approach does not simulate challenging periods such as low load, 

high wind, and solar generation days in the spring, possibly exhausting ramping down capability.  

APS said long-range resource planning programs are very useful for developing IRPs, and 

recommend using other, more powerful tools to assess flexibility needs rather than modifying 

existing resource planning models. 

The interviewees recognize the trade-off between having more data and detail in resource 

planning models and the time needed to run the model.  The CAISO notes that PLEXOS can take 

up to a week to run.  PSCo’s ideal model would simulate 5-minute dispatch, subject to binding 

constraints such as ramp rates or generator availability, and not rely on perfect forecast for 

operating reserves, but as PSCo acknowledged, the model would take weeks to run.  PSCo hopes 

the models will evolve to include sub-hourly granularity.  PGE is considering the use of 

consultants to model the most cost-effective flexible resources for larger amounts of VG.   
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VI.  Interviews with State Utility Regulatory Commissions 

Utility Acquisition of Flexible Capacity and Types of Flexibility Sought – Except for Nevada, the 

state commission representatives Exeter interviewed report that utilities are generally looking for 

or obtaining flexible capacity, although flexibility is usually a secondary benefit; i.e., the 

capacity is needed for other reasons but flexibility is cited as an important benefit.  The Nevada 

PUC said the levels of wind and solar generation are not high enough to justify the addition of 

new, flexible capacity.  The New Mexico PRC noted that all three investor-owned utilities in 

New Mexico have procured or built aeroderivative natural gas turbines for black start, fast 

startup and shut down, voltage support, and for ramping up and down. 

Demonstration of Need for Flexible Capacity – States were asked how utilities asserted the need 

for flexible capacity and whether qualitative or quantitative analysis was used.  To date, the 

analysis has been mostly qualitative.  The New Mexico PRC noted that flexibility is generally 

recognized as needed.  The CPUC said it is in the midst of evaluating the need for long-term 

flexible capacity in the Long Term Procurement Planning proceeding.  The Oregon PUC pointed 

to PGE’s quantitative analysis as described earlier, and hopes that other utilities in Oregon either 

follow PGE’s lead or conduct their own quantitative analysis using their own methodology. 

Concern Over Need for Flexibility – All of the state respondents reported being concerned or 

very concerned about the need for flexibility, both short-term and long-term, with the Oregon 

PUC saying it is one of the top issues for the commission.  The New Mexico PRC stated that 

PNM’s generation profiles are already showing signs of the duck curve, with El Paso Electric not 

too far behind.  The Nevada PUC said flexibility is a longer-term concern, as the generation 

capacity utilities have added in the past ten years to address peaking needs is also addressing 

flexible capacity needs.  The Nevada PUC also approved NV Energy’s participation in the 

CAISO-PacifiCorp EIM, and that should also help with increasing flexibility.   

State Regulatory Actions on Flexibility – The Oregon PUC requires utilities to address flexibility 

in their IRPs, while the CPUC instituted a short-term flexible capacity requirement through 2017 

and is considering adopting a long-term requirement.   

Addressing Flexibility in Utility IRPs – As noted above, the Oregon PUC requires utilities to 

address flexibility in their IRPs.  Colorado, Nevada, and New Mexico do not have specific 

requirements but report that utilities generally address flexibility in their IRPs.   

Information on Flexibility in Utility IRPs – Most states report that utilities are addressing 

flexibility in their IRPs, although it varies by state.  Colorado said utilities highlight quick-start 

and ramping capabilities with their existing generating plants; Nevada utilities include a VG 

integration section.  The CPUC stated utility proposals do not address flexibility directly but 

mention flexibility as an additional benefit. 
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Access to Information and Potential Next Steps – States had an extensive wish list of next steps 

for utilities to take.  This includes state-wide analysis of flexibility, including rural electric 

cooperatives and municipal utilities; uniform analysis metrics and methodologies; analysis of the 

potential and capability of demand response to meet short-term and long-term flexibility needs; 

the capability of energy storage to provide flexibility and what policies or other tools are 

necessary to encourage development of energy storage; the costs of additional flexibility, if any; 

continued evolution toward market tools like an EIM; and more regional cooperation and 

analysis on smart grid, rate design, and electric vehicles related to flexibility. 

Adequacy of Current Tools for Developing IRPs – All the respondents believe the current tools 

are inadequate for addressing flexibility because they are static, rely on snapshots of time, and 

are not continuous.  The respondents also note that newer tools are either planned or under 

development and anticipate improvement in this area.  No state has tried to validate the utility 

IRP results by running a separate model, although all scrutinize the data and assumptions used in 

the model as well as the input and output information from the model.   

Future Actions the West Should Take Regarding Flexibility – States had numerous 

recommendations, including: 

 Encourage the assessment of flexible capacity adequacy and making changes to IRP rules 

to require such assessments; 

 Encourage the valuation and use of ancillary services/curtailment provisions provided by 

renewable energy resources; 

 Encourage additional utility participation in EIMs; 

 Encourage development of additional practical demand response programs; 

 Encourage use of better tools for determining resource adequacy in portfolio scenarios 

with higher levels of renewable energy penetration; 

 Encourage use of 15-minute scheduling intervals; 

 Factor in flexibility needs in WECC models; 

 Greater inter-regional and inter-BA planning; 

 More information on demand response and energy efficiency programs in all states in 

WECC; and 

 More comprehensive and collective analysis of smart grid, rate design, electric vehicles, 

and flexible generation.  The topics are studied in isolation but should be analyzed 

together. 
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VII.  Conclusion 

The research and interviews conducted for this paper revealed considerable interest in and 

concern over the need for more flexible resources.  There was near universal consensus that more 

flexible resources are needed, and all of the interviewees addressed the need for flexibility in 

various forums, such as IRPs or regulatory proceedings.  That said, there was considerable 

variation in how different parties evaluated flexibility, with both qualitative and quantitative 

analysis being relied upon.  No one metric or approach for evaluating the need for flexible 

resources has emerged as a best practice.  There were also differences in how flexible resources 

were procured, with some relying on more market instruments, such as the CAISO, and others 

planning to add more flexible generation.  The need among utilities for flexibility during system 

operations varied by short-term (to address intra-hour variability) and long-term (to address 

multi-hour net load ramps).  Different views and approaches seem a sensible approach at this 

time, given the early stage of discussions among stakeholders and of the analytical tools and 

methodologies to quantify the need for flexibility. 

There was also near universal consensus that the resource planning or load flow models do not 

adequately address flexibility needs.  However, all acknowledge the trade-off between having a 

more complex model that could address numerous factors such as variability and the time it takes 

for the model to run and demonstrate results.  Utilities are either conducting side analyses or 

commissioning VG integration studies, or both, in order to take a more focused assessment of the 

impacts of adding more VG.  The models also have perfect foresight in that they are 

programmed to always have generation equal to the load plus the reserve requirements, and are 

not suitable for evaluating specific periods of stress for the grid, such as high wind production 

and minimum load.  New tools under development at WECC for tying together load flow and 

production cost models could be very helpful. 

State utility regulatory commissions are also requiring utilities to evaluate flexibility in their 

IRPs (Oregon) or are considering adding a flexible capacity requirement (California).  Although 

the utilities interviewed in this paper discussed flexibility in their IRPs, other states may wish to 

require at least a discussion of flexibility, and perhaps quantitative analysis as well, to 

standardize the analysis among all regulated utilities in the state.  States also expressed an 

interest in learning more about the capabilities of VG to provide ancillary services or reactive 

power.  There was little mention in utility IRPs or in the interviews of whether demand response 

could participate in providing flexibility.  Perhaps most important is whether flexibility should be 

compensated, such as the various initiatives being pursued and implemented by the CAISO and 

PSCo.  Flexibility is highly valued by grid operators but not by generators because they are 

generally not paid for it.  That will likely need to change if the need for greater flexibility 

persists.  This may not be as important an issue in states with vertically integrated utilities, as 

costs for new flexible generation can be incorporated into customer rates once approved by state 

utility regulators, but rate design for providing various forms of flexibility for wholesale 

transactions is already proceeding.    
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State Regulatory Authorities 

 

1. Are utilities in your state seeking to build or buy flexible capacity to balance VG or for 

other reasons?  What types of flexibility are sought? 

2. How did the utility demonstrate need for new flexible capacity?  Was it through analysis 

or on qualitative information? 

3. Is the Commission concerned about whether there is a need for flexibility, and if so, how 

to obtain it?  Is it a short-term or long term concern? 

4. Has the Commission taken any regulatory action to encourage a closer examination of the 

need for more flexibility?  If not, are there plans to?  If so, what actions have been taken? 

5. Is flexibility one of the items utilities must address in their integrated resource plans? 

6. Has the Commission taken any regulatory action to encourage more generation or 

demand flexibility? 

7. What kind of information on flexibility are utilities reporting in their IRPs or in any other 

communications with the Commission?   

8. Is the Commission getting the information and analysis they need from utilities regarding 

the need, or lack thereof, for greater flexibility, as well as the capabilities of generation 

and demand response to provide flexibility? 

9. What would the Commission like to see from their utilities with regards to greater 

flexibility, if anything?  How satisfied is the Commission with the information utilities 

are providing? 

10. Does the Commission believe that the current tools used for developing resource plans 

are adequate or inadequate?  Please explain why.   

11. Have you tried to validate the model results provided in a utility’s IRP?  If so, what did 

you find?  If no, please explain. 

12. What future actions should the West take regarding generator/demand flexibility? 
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QUESTIONS FOR  

ELECTRIC UTILITIES 
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Utilities 

 

1. How do you define flexible generation?   

2. How do you define flexible demand? 

3. Have you surveyed the flexibility of your current generation fleet? 

4. Do you have an operating standard to use existing flexibility?  Trained operators to use 

it? 

5. Are you seeing the need for more flexible generation on your system?  Is it a short-term 

need (<5 years) or long-term (>5 years)?  Or both? 

6. Have you investigated how to increase flexibility of existing generation?  Done anything 

to increase that flexibility? 

7. Is there consideration to retrofit existing thermal plants to be more flexible?  Or to change 

operations of the plants to be more flexible? 

8. What factors do you consider in whether generation is flexible or not?  Do you consider 

startup/cycling, ramp rate, control range, and level of minimum load? 

9. In your operations, how flexible does the generation need to be?  Ramping to full power 

faster than 10 minutes or slower?  If slower, how much?   

10. Is your need for flexibility primarily for short period of ramping scarcity (such as the next 

15 minutes) or for longer periods of time (such as a multi-hour ramp)? 

11. Do you want flexible generation to have a fast start-up and be tolerant of cycling? 

12. Are you discussing flexible generation in your IRPs, in other regulatory filings, external 

presentations, and communications with state utility regulators?  What is the nature of the 

information you are conveying? 

13. Is a flexible reserve product being discussed in your company?  If so, please describe.  Is 

it a spinning or non-spinning reserve? 

14. Do you utilize demand response?  If so, please describe.  Do you use or allow demand 

response for certain ancillary services, such as regulation and spinning reserve? 

15. Could demand response be seen as a flexibility option?  If so, please describe.   

16. Is your company thinking of participating in a regional or West-wide energy imbalance 

market?  If so or if not, please state the reasons why. 

17. Does your company do dynamic transfers of generation?  If so, please describe. 

18. Is your company using or considering energy storage in any way?  If so, please describe. 

19. Does your company stress or seek flexibility when issuing a RFP for new generation?  Is 

flexibility valued in any way in ranking bids?  What types of flexibility do you seek? 

How is it valued? 

20. Do you feel that your system in constrained by preexisting rules or practices (must-take 

units that you don’t control, fixed schedules from other parties, situations that prevent 

you from dispatching certain generators, etc.)?  If so, please describe.  In what way do 

you feel this limits your flexibility? 
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QUESTIONS FOR  

ELECTRIC UTILITY MODELERS 
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Modelers 

 

1. What planning model do you use? 

2. Do you use hourly or sub-hourly data in your model?  What are the sources of data? 

3. Are the modeling assumptions and source of data readily identified in your IRP? 

4. Does the model incorporate the need for flexible resources?  If so, please explain.  If not, 

do you do any side analysis outside of the model regarding flexible resources?  If so, 

please explain. 

5. Assuming the answer to (4) is no, how would your model need to change in order to 

incorporate flexible resources?  

6. Is your company contemplating a different model in order to capture flexible resources? 

7. Does your model include reserves?  What kinds?  Contingency reserves?  Operating 

reserves?  Other categories of reserves?   

8. Does the model minimize the costs of contingency or operating reserves?  If not, is that 

analysis done outside of the model, and if so, how? 

9. Does the model ever dispatch reserves? 

10. In a more perfect world, what would be your desired model?  What features and 

capabilities would it have? 

 


