
 

1  

 

UNIGEN SMART SYSTEM FOR RENEWABLE INTEGRATION 

Introduction  

California’s Renewable Portfolio Standard (RPS) is both ambitious and attainable. It is an 

undertaking, however, with its share of challenges all of which can eventually be reduced to 

maintaining the reliability of the transmission network in a cost-effective manner. This report 

will describe a new approach, considerably different from those being currently pursued in the 

industry, for integrating large amounts of renewable energy into the daily operation of the 

CAISO grid without sacrificing reliability. Moreover, this approach provides financial incentives 

for owners of renewable energy resources to help solve the integration problem without 

intervention by CAISO. 

The 50 percent RPS goal established for renewable energy generation (the bulk of which will be 

Variable Energy Resources1 or VERs), requires changes to the operating and business practices 

that underpin CAISO’s transmission network and market. The main objective for this study 

which is entitled “Scheduling and Market Participation of VERs” is to demonstrate how a new 

integration tool called the UniGen Smart System can be an agent of that change.    

Management of VERs Requires Transforming the Grid 

Today’s electricity networks were designed a century ago upon the presumption that both 

electricity consumption (demand) and generation were reasonably predictable and slow-moving, 

which it was except in rare cases. Day Ahead Schedules for supply and demand were submitted 

to the grid operator and was the primary tool use to ensure reliability. Under these conditions, 

grid operators in the control room had time to identify and then respond, either manually or 

with the use of computers2, to changes in either the demand or generation schedule, thereby 

bringing the system back into balance in a timely manner.3 

With the advent of substantial amounts of Variable Energy Resources (VERs) this underlying 

assumption, that demand and generation are predictable and slow moving, is no longer 

sufficiently valid. Without changes, there will be an increasing number of events in which the 

CAISO grid does not meet NERC standards that pertain to keeping demand and generation in 

balance. Violation of these standards involve expensive fines in the short term and FERC 

intervention if the pattern of violations continues. In order to avoid this, CAISO potentially may 

limit the amount of renewable electricity generated (referred to as curtailment) and another 

might be the widespread deployment of relatively expensive countermeasures. Of course, there 

is also the potential for costly service interruptions for California residences and businesses. 

                                                   
1 Wind and Solar Photovoltaic are Variable Energy Resources. 

2 Grid operators such as CAISO rely upon Energy Management Systems to automatically operate the grid, although not 
without frequent human intervention. 

3 Transmission system planners did anticipate the large and sudden loss of generation (e.g. the tripping of a nuclear 
unit) but the locations where these events could occur were limited and well known.  Consequently, potential 
compensatory actions could be defined well in advance. The loss of VER generation, in comparison, is potentially just as 
large but the location of the loss and its duration is not readily identifiable. Compensatory actions in the absence of 
UniGen are slower acting and might make matters worse. This is another example of how the grid has changed. 
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These possible outcomes represent a barrier to meeting California’s public policies for clean, 

affordable energy.  

Purpose and Description of the UniGen Smart System for Renewable 
Integration 

UniGen is a new way of managing the variable and frequently unpredictable nature of VER 

generation. To manage this variability, much of the industry favors enlarging centralized 

control of resources that are able to compensate for the variability.  The UniGen Smart System 

(“UniGen’), on the other hand, is distributed solution that disaggregates the seemingly 

intractable problem of renewable integration into smaller, more manageable ones. In addition, 

UniGen provides the technology and financial incentives for VER generation to be scheduled in 

the Day Ahead time frame and to maintain that schedule pro-actively. Currently, VER 

generation is predominantly scheduled in the Real Time (5-minute) Market which provides 

insufficient time for CAISO to take proactive steps to manage the variability.  

UniGen operates at the project level (as opposed to the grid level.) It supervises the combined 

operations a wind or solar plant and other dedicated resources for the sole purpose of 

maintaining a Day Ahead Schedule. The dedicated resources can include a natural gas plant, an 

energy storage system or aggregated demand response. These resources are characterized by 

the fact that they can be “dispatched”, that is, they can change output (or decrease 

consumption) in real time to compensate for changes in the scheduled VER generation.  

This concept is illustrated in Figure 1: UniGen Manages Combined Outputs to Minimize 

Schedule Deviations. It can be seen why it is financially risky to schedule wind (or solar) 

generation in the Day Ahead Market. The actual wind generation is rarely the same as the 

scheduled amount (which is based upon forecasts.) However, UniGen detects when the actual 

generation does not conform to the schedule and uses dispatchable resources, in this case a 

Figure 1: UniGen Manages Combined Outputs to Minimize Schedule Deviations. 
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dedicated power plant, to compensate for the deviations. Figure 1 shows that almost all positive 

deviations are eliminated (more on the negative deviations next.) This compensation takes place 

automatically, in real time, and fulfills schedule commitments without CAISO operator 

intervention. The problem of variability is addressed at the project level and never makes its 

way into CAISO’s system of centralized control, reducing the power swings that CAISO must 

manage.  

UniGen is an Effective Tool for Renewable Integration 

UniGen is primarily a tool that allows Variable Energy Resources (VERs) to use the Day Ahead 

Market (DAM). This is attractive to VER owners because negative prices are increasingly present 

in the Real Time Market (RTM) but not in the DAM. It is attractive to CAISO as well because Day 

Ahead schedules make the markets operate more efficiently and contribute to grid reliability.  

However, VER owners are primarily scheduling in the RTM where they are not charged 

Balancing Costs in the event that the schedule is not met. VER owners could use UniGen to 

schedule all of the forecasted VER generation into the DAM and be assured the schedule is met. 

Thus, there are financial incentives for VER owners to transition from the RTM to the DAM. 

The most important finding of this study is that the UniGen Smart System is a tool by which 

VER generation can be scheduled in Day Ahead Market with much reduced financial exposure. 

The use of UniGen by market participants to serve their own financial interests will support 

CAISO’s efforts to accommodate more renewable generation without sacrificing reliability. 

UniGen Enables Higher Levels of VERs  

VER generation in the amounts envisioned by California’s RPS is generally viewed as a serious 

threat to maintaining grid reliability at affordable costs to ratepayers. A finding of this research 

is that the use of UniGen by market participants to serve their own financial interests will 

support CAISO’s efforts to maintain grid reliability with fewer costs even as the amount of VER 

generation continues to grow. UniGen enabled resources assist CAISO with these efforts by 1) 

re-shaping the Duck Curve to make it more manageable; by 2) enhancing the frequency 

response characteristics of the grid; and possibly provided a solution to the impact of 

Distributed Energy Resources on the grid. 

As is discussed fully in Chapter 3: Reshaping the Duck Curve, the use of UniGen significantly 

reshapes the Duck Curve by flattening the steep afternoon ramps that follow an over-supply 

condition. The difficult to manage Duck Curve becomes the manageable Dog Curve. 

Frequency Response and Regulation 

As a result of VER generation displacing fossil fuel power plants, power grids of the future will 

be more susceptible to frequency excursions, both in number and magnitude, raising the 

possibility of not complying with NERC standards. New technologies and approaches are 

needed to enhance the grid’s ability to manage frequency.  

For this particular study, the Onset team modified the UniGen simulation tool to include a 

simplified model of the CAISO system. Using historical data from the CAISO, simulations were 
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run that calculated system frequency relying only on AGC4 plants, the power provided from 

droop control5 on conventional power plants and power transfers between Balancing Areas. 

Further simulations were run that included UniGen enabled hybrid plants. 

This research, which is discussed in Chapter 4: Enhancement of Primary Frequency Response, 

showed that without UniGen, system frequency disturbances caused by unexpected swings in 

power generated by VERS are often not in compliance with NERC standards, as shown in Figure 

3: Yearly Profile of Frequency in Different Cases. However, with a moderate number of UniGen 

hybrid plants it is possible to constantly regulate system frequency within +/- 0.05 Hz as 

required by NERC. This is due to the fact that reduction of schedule deviations by UniGen, 

which is its primary role, automatically complements AGC and other routine frequency 

response measures. Moreover, UniGen provides a measure of Primary Frequency Response (PFR) 

which is needed for non-routine changes in system frequency. (The decrease in PFR has become 

a new FERC concern). The PFR provided by UniGen is the result of performing its core function 

which is the cancelling out of deviations in VER generation from that scheduled. This PFR is 

always present, doesn’t need to be procured or dispatched, and doesn’t require revenue 

enhancements from the CAISO market.  

                                                   
4 Automatic Generation Control which is used with a limited number of power plants to regulate system frequency 
between CAISO and adjacent Balancing Authorities. AGC works on the basis of controlling frequency whereas UniGen 
controls on the basis of schedule deviations which ultimately are the source of most frequency disturbances. 

5 When the demand for electricity exceeds the amount of generation, the frequency of the system decreases or “droops”. 
In order to restore the balance between demand and generation and restore frequency, power plants with droop control 
systems sense the change in frequency and automatically increase their outputs by an amount proportional to all the 
other such power plants. 

Figure 2: The Dog Curve 
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The Impact of Distributed Energy Resources on the Transmission System.  

The CPUC has ordered California’s three IOUs to perform Integration Capacity Analysis (ICA) to 

ascertain distribution system limits to host DERs across the entirety of a utility’s service 

territory. The IOUs are doing some really good work in this area but it does not include 

determining the impacts on the transmission system. This puts the burden squarely on the 

shoulders of CAISO. Included in our research, therefore, was a quick evaluation to see if UniGen 

could help manage power flows at the intersection of the transmission and distribution 

networks. The UniGen enabled strategy is to schedule the Distribution Net Load in the DAM, 

firm that schedule with an adequately sized battery storage system, and then procuring 

generation in the Day Ahead Market or from a dedicated power plant based on an hourly 

schedule. A predictable, hourly load schedule provides transparency and predictability to 

CAISO has seems to be a feasible strategy for maintaining regular power flows between the 

Transmission system and the various Distribution networks. It reinforces our view that use of 

the Day Ahead scheduling process is still the best tool for maintaining system reliability. 

Benefits to California  

As can be seen from the discussion above, there are several potential benefits to California if 

the UniGen Smart System is used with existing generation and storage resources.  

• UniGen enables VERs to generate more energy (by avoiding curtailment) which improves the 
financial viability of these resources and decreases carbon emissions. This is a policy and 
cost benefit not only for VER owners but, because the cost of renewable energy is declining, 
for ratepayers as well. 

Figure 3: Yearly Profile of Frequency in Different Cases 
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UniGen reduces the cost of maintaining the Day Ahead Schedule, as described in Chapter 2: 

Purpose and Description of the UniGen Smart System, typically by $25M per year per 100 MW of 

VER capacity. 

Scheduling VERs in the Day Ahead Market reduces uncertainty and therefore the number of 

power plants that CAISO procures to cover that uncertainty. This is a cost benefit for rate 

payers estimated to be up to $36M a year (based on information presented by CAISO at the 

Market Performance and Planning Forum on July 21, 2016). 

By flattening the Duck Curve, the number of gas fired plants that are needed to be online to 

respond to the ramps is potentially far fewer. This will reduce gas consumption and GHG 

emissions by an estimated 10%. 

By enhancing the frequency management ability of the CAISO grid, the potential cost of 

enforcements by NERC for violations is avoided.  

The UniGen Smart System is a new and different tool for integrating the large amounts of new 

VERs envisioned by the 50% RPS. It is perhaps compelling that participants in the CAISO market, 

including owners of VERs, storage systems, and power plants and demand aggregators would 

have a financial incentive to voluntarily adopt the UniGen approach without the need for any 

changes in the CAISO market.  

 

Notice 

This paper is a summary of work done with grant funding from the California Energy 

Commission, the purpose of which is to encourage innovation in the area of renewable 

integration. This summary and the accompanying full report has been submitted to the CEC but 

has not been reviewed and approved at this time.  

The full report is available upon request.  


