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Intermittency Compatibility Toolkit, Part 1 

By John Benson, December 2021 

1. Introduction 
A primary resource in combatting climate change is renewably produced electric power. 
Even though these technologies have progressed far in the last couple of decades, and 
it appears that this trend will continue well into the future, we are still only at the start of 
this journey, and we will encounter many obstacles along the way. A major barrier is the 
first word in the title of this paper – intermittency.  

Although this is relatively easy to fix currently, as I pointed out above we are just at the 
start of this process.  

As an example, my home state (California) had the 2020 electric generation seen 
below:1 

 

Note that about 55% of our power comes from very low greenhouse gas (GHG) sources 
(including nuclear and large hydro). However only about 24% comes from intermittent 
renewables (wind and solar).  

Given this, it is pretty easy to mitigate the intermittency with either fast-start/fast-ramp 
other resources or battery energy storage systems. The former are: 

• Natural gas fired plants with fast-start, fast ramp capabilities.  

• Hydroelectric plants (including pumped storage) 

                                                 
1 Michael Nyberg, California Energy Commission, “2020 Total System Electric Generation,” 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2020-total-system-electric-generation  

https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2020-total-system-electric-generation
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• Demand response 

• Geothermal 

And yet we still have occasional problems during our peak demand season (summer). 

Furthermore, as we continue retiring our natural gas plants (or converting them to a 
renewable fuel), and continue to expand intermittent renewables, we will need other 
tools to deal with the intermittency. In the near term we will continue to expand storage, 
but we will still have issues. 

Many other states will have worse problems as they attempt to reach net-zero GHG. 
Also as intermittent renewables scale up, some intermittence problems will be more 
wide-scale, effecting whole regions. How will we deal with these? 

Part 1 of this series will look at the Planning Tools that will alert us to looming 
intermittency problems, when there is still enough time to have several options to deal 
with them. 

Part 2 will look at a tool that will enable power to flow from region to region in North 
America, allowing more dispatching flexibility to mitigate both intra-regional and inter-
regional variability. We will also look at another tool that provides flexible dispatching for 
existing AC transmission lines. 

2. Planning and Simulations 
Most regional utility organizations (independent system operators (ISOs), regional 
transmission organizations (RTOs), and other similar organization (see figure below) 
have extensive planning processes. 
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Rather that delving into all of these, I will use my own ISO, CAISO, as a model, and 
draw content from an earlier post referenced below.2 

2.1. Long-Term Planning Processes – Transmission Plan 
The Transmission Plan is updated yearly, but each planning cycle requires a bit over two 
years.  The purpose of the Transmission Planning Process is to:3 

1. Coordinate and consolidate in a single plan the transmission needs of the CAISO 
balancing authority area for maintaining the reliability of the CAISO controlled 
grid in accordance with applicable reliability criteria in a manner that promotes 
the economic efficiency of the CAISO controlled grid and considers federal and 
state environmental and other policies affecting the provision of energy; 

2. Reflect a planning horizon covering a minimum of ten (10) years that considers 
previously approved transmission upgrades and additions, demand forecasts, 
demand-side management, capacity forecasts relating to generation technology 
type, additions and retirements, and such other factors as the CAISO determines 
are relevant; 

3. Seek to avoid unnecessary duplication of facilities and ensure the simultaneous 
feasibility of the CAISO transmission plan and the transmission plans of 
interconnected balancing authority areas, and coordinates with other planning 
regions and interconnected balancing authority areas; 

4. Identify existing and projected limitations of the CAISO controlled grid’s physical, 
economic or operational capability or performance and identify transmission 
solutions, including alternatives deemed needed to address the existing and 
projected limitations; 

5. In coordination with the other western planning regions  assess whether 
proposed interregional transmission projects (ITP) constitute more cost effective 
or efficient solutions to meet CAISO-identified regional transmission needs than 
identified regional solutions and should be included in the CAISO annual 
transmission plan; and  

6. Account for any effects on the CAISO controlled grid of the interconnection of 
generating units, including an assessment of the deliverability of generating units 
in a manner consistent with CAISO interconnection procedures. 

There are three phases, and in phase 1, the CAISO develops and completes the unified 
planning assumptions and study plan. In parallel, the CAISO begins development of a 
conceptual statewide plan. Phase 1 and Phase 2 of the TPP covers a 16-month period 
starting from December of the year prior to year one through March of year two.4 Phase 
3 begins in April of year two and typically will continue through December of year two (or 

                                                 
2 California Independent System Operator, Part 2 – Entities and Processes, Sep, 2018, 

https://www.energycentral.com/c/pip/california-independent-system-operator-part-2-%E2%80%93-

entities-and-processes  
3 CAISO Business Practice Manual for Transmission Planning Process, Version 16.0, Posted:  August 1, 

2018, https://bpmcm.caiso.com/Pages/BPMDetails.aspx?BPM=Transmission%20Planning%20Process  
4 Development of the Unified Planning Assumptions begins in December when the ISO seeks input from 

stakeholders, neighboring balancing authority areas (BAAs) and other planning entities.  However, the 

cycle is named for two-year period beginning in January.  For example, the 2012/2013 cycle began in 

December 2011. 

https://www.energycentral.com/c/pip/california-independent-system-operator-part-2-%E2%80%93-entities-and-processes
https://www.energycentral.com/c/pip/california-independent-system-operator-part-2-%E2%80%93-entities-and-processes
https://bpmcm.caiso.com/Pages/BPMDetails.aspx?BPM=Transmission%20Planning%20Process
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later depending on the number and complexity of regional transmission facilities 
available for competitive solicitation). At least four public stakeholder meetings will be 
held during the first two TPP phases to present, discuss and collect stakeholder input on 
the draft study plan. 

The main purpose of the Transmission Plan is to identify and detail the best solutions for 
limitations in the CAISO Controlled Grid. Transmission solutions include both entirely 
new transmission facilities and upgrades or additions to existing transmission facilities 
that are proposed, considered, and/or specified in the comprehensive Transmission Plan 
during Phase 2 to meet an identified need determined by the CAISO. Alternatives to 
transmission solutions are referred to as non-transmission solutions. Solutions to meet 
an identified need can be either transmission solutions or non-transmission solutions. 
The CAISO will analyze the need for transmission solutions in accordance with the 
methodologies and criteria set forth in Section 24, the Transmission Control Agreement, 
and the applicable Business Practice Manuals. The comprehensive Transmission Plan 
will identify Merchant Transmission Facilities meeting the requirements for inclusion in 
the Transmission Plan and transmission solutions needed (1) to maintain System 
Reliability; (2) to satisfy the requirements of a Location Constrained Resource 
Interconnection Facility; (3) to maintain the simultaneous feasibility of allocated Long-
Term Congestion Revenue Rights (CRRs); (4) as additional components or expansions 
to Large Generator Interconnection Procedures (LGIP) Network Upgrades are identified 
pursuant to Section 24.4.6.5; (5) to meet state, municipal, county and federal policy 
requirements and directives, including renewable portfolio standards policies; and (6) to 
reduce congestion costs, production supply costs, transmission losses, or other electric 
supply costs resulting from improved access to cost-effective resources.  

Another important part of the CAISO planning process is Resources Adequacy. A 
Resource is any power-source that can be used to serve electrical loads. This can be a 
generator, an aggregation of small (generally distribution level) generators or demand 
response. Resource Adequacy is a CPUC-directed process. Although this is briefly 
described below, the post referenced at the end of this paragraph covers this in detail.5 

2.2. Resource Adequacy 
Resource Adequacy is a long-term planning tool required by the California Public Utility 
Commission (CPUC) and the CAISO, implemented by Load Serving Entities and 
Metered Subsystems.6 

A Load Serving Entity (LSE) is an entity that either serves its own load or the load of 
others, planning capacity in advance of the demand. Those resources for this load 
service cannot be from another LSE.  

There are two types of LSEs: California Public Utility Commission (CPUC) LSEs and 
Non-CPUC LSEs. CPUC Load Serving Entities include community choice aggregators, 
investor-owned electric utilities and electric service providers. These have a Resource 
Adequacy (RA) requirement from the CPUC: "The Commission’s RA policy framework – 
implemented as the RA program -- guides resource procurement and promotes 

                                                 
5 California Resource Adequacy Procedures, Community Choice Aggregators and Direct Access, April 

2019, https://www.energycentral.com/c/pip/california-resource-adequacy-procedures-community-choice-

aggregators-and-direct  
6 California Public Utility Commission, Resource Adequacy Homepage, http://www.cpuc.ca.gov/RA/  

https://www.energycentral.com/c/pip/california-resource-adequacy-procedures-community-choice-aggregators-and-direct
https://www.energycentral.com/c/pip/california-resource-adequacy-procedures-community-choice-aggregators-and-direct
http://www.cpuc.ca.gov/RA/
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infrastructure investment by requiring that LSEs procure capacity so that capacity is 
available to the CAISO when and where needed."  

Non-CPUC LSEs are those entities that are outside of the CPUC's jurisdiction, and 
include federal power marketing authorities and Out-of- (the CAISO's) Balancing 
Authority Area Load Serving Entities (OBAALSE). 

A Metered Subsystem is a geographically contiguous system located within a single 
zone which has been operating as an electric utility for a number of years prior to the 
CAISO Operations Date as a municipal utility, water district, irrigation district, state 
agency or federal power marketing authority subsumed within the CAISO Balancing 
Authority Area. 

In order to protect System Reliability, a resource adequacy program should include 
seven basic elements: 

1. A procedure for forecasting system conditions relating to Demand, including the 
forecast peak Demand  

2. A specified Reserve Margin – this is the amount of capacity over and above the 
predicted Demand that is necessary to provide adequate Operating Reserve and 
to account for Contingencies such as Generating Unit Outages and forecast 
error. 

3. Deliverability – this is a requirement based on Applicable Reliability Criteria that 
is designed to ensure that capacity needed to meet the Demand Forecast and 
the Reserve Margin is not constrained by transmission limitations when it is 
needed to serve Load. Local capacity requirements are also an important part of 
deliverability requirements. 

4. Criteria for determining eligible resources and the amount of capacity able to 
satisfy the Reserve Margin  

5. Plans developed by the LSEs that identify how they have met their resource 
adequacy requirements by assembling a portfolio of resources  

6. Rules under which the resources identified in the plans are made available to the 
ISO Operator to balance Supply and Demand  

7. A compliance program that ensures that LSEs comply with the resource 
adequacy program established by the Local Regulatory Authority and that 
precludes the LSE from inappropriately relying on the resource procurement 
practices of other Market Participants. 

2.3. Planning Tools 
This subsection is also drawn from an earlier post referenced here.7 These tools create a 
sequence of planning steps that basically build a model of the future grid. These are 
described in the subsections below. 

                                                 
7 SCADA – Part 6 Transmission and Distribution Network Management, April 2018, 
https://www.energycentral.com/c/pip/scada-%E2%80%93-part-6-transmission-and-distribution-network-management  

https://www.energycentral.com/c/pip/scada-%E2%80%93-part-6-transmission-and-distribution-network-management
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2.3.1. Forecasting 

Both load forecast and renewable production forecasts are important elements of 
demand and supply, especially as renewables continue to expand and become a major 
component of generation.  

Although there are several methods for forecasting load, the most accurate uses a load-
weather model based on stepwise linear regression. The program employs historical 
load patterns segmented by season for the base load component.  The model adapts 
components over time by tracking load growth, seasonal effects, and weather patterns 
using a sequential algorithm… 

Solar power forecasting depends on two major components: (1) the amount of insolation 
(solar radiation) in a given day with ideal weather (clear sky), and the percent this is 
attenuated by cloud-cover. The good news for California is that cloud cover is minimal 
most of the year, especially in the peak demand period (summer) and particularly in the 
primary solar production areas… 

Another major renewable energy source is wind energy. It is also highly dependent on 
the weather, albeit mostly different weather factors: those that that affect wind speed. 
These can be predicted with reasonable accuracy out to about 72 hours. For the "day-
ahead" market run by California ISO these forecasts are used… 

The above descriptions are for short-term forecasts, but longer-term forecasts depend 
more on historical seasonal averages plus long term trends. The latter are mainly driven 
by climate change, and are a combination of relatively predictable effects (like continued 
warming), and unpredictable effects (like the lightning storm we had in August 2020 
which was the primary cause of many wildfires).8 

2.3.2. Projecting Generation to Service Load 

The starting point for modeling the grid is defining what generators are required to 
service the forecast load. In California one of the main considerations is the "resource 
loading order" (see excerpt below). This, in addition to long-term contract commitments 
and pricing, defines which electric energy bids are accepted first.  

"…California’s energy policy has defined a loading order of resource additions to meet 
the state’s growing electricity needs: first, energy efficiency and demand response; 
second, renewable energy and distributed generation; and third, clean fossil-fueled 
sources and infrastructure improvements. This strategy has had the benefit of reducing 
CO2 emissions and diversifying our sources of energy."  

Although the generation mixture changes day-to-day in response to changing load and 
generation availability, in the long term it is pretty consistent... 

The first step in creating the model is to create a straw-man generation dispatch 
schedule that is optimized for least-cost and other constraints. The application that 
performs this optimization is often called a unit commitment program. 

The next step is to use the load forecast and the generation dispatch schedule as inputs 
to a load flow grid model (a.k.a. power flow model) to verify that there are no immediate 
issues in getting the power from the generators to the load (like overloaded transmission 
lines). If there are issues adjustment are made to the schedule. 

                                                 
8 “New Role for Regional Grid Managers”, Aug 18, 2020, https://energycentral.com/c/gr/new-role-

regional-grid-mangers  

https://energycentral.com/c/gr/new-role-regional-grid-mangers
https://energycentral.com/c/gr/new-role-regional-grid-mangers
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Once the model appears to work, the schedulers need to make sure it is secure. This is 
done via a program called a contingency analysis. It is so named because it enforces a 
single-contingency rule. This is: the failure of a single major component (typically a line 
or generating unit) should not destabilize the grid.  

Now that the model is efficient and secure, another optimization process using an 
application called an optimal power flow model is required. This optimizes cost, real 
power losses or minimum shift of controls from their initial settings. 

It should be noted that the above description is a (very) simplified verses the actual 
scheduling process used for long-term models, especially for an ISO or RTO, and there 
are many other steps. For instance, one step before the model is finalized is a short-
circuit analysis to verify that no circuit breaker will be overloaded (and thus is unable to 
safely trip a faulty circuit) by the scheduled network configurations and loading. 

2.4. Conclusion 
The above part of our toolkit is critically important as it allows us to peer into the future. 
This gives us adequate time to implement other elements of our toolkit identified in the 
Introduction and in Part 2 of this series if we see a major regional intermittency problem 
looming on the horizon. 

Two tools are described Part 2. The first might be critical in moving resources from one 
region to another, but requires many years to develop. In the U.S. there are basically 
three independent interconnections: the eastern, western and Texas. See the map 
below. Moving power from one interconnection to another, requires one of more DC 
transmission lines, and there are currently a limited number of these. Part 2 delves into 
the possibility of using high voltage DC transmission lines to mitigate variability. 

 

However there are other ways to control existing AC transmission lines within each 
interconnection. This collection of technologies is also a subject of Part 2. 


