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ABSTRACT 

Grid-connected PV in the U.S. has grown substantially 
over the past several years and grid operators are 
increasingly concerned about its impacts in planning and 
operations. In response, the California Solar Initiative 
(CSI) and the California Energy Commission (CEC) have 
funded research to support the development of cost-
effective strategies and solutions for integrating large 
amounts of PV into the power system. 

This paper describes preliminary results from the CSI and 
CEC projects. The paper describes how PV fleet power 
production is being simulated for all PV systems in the 
state of California. It then illustrates how these results 
could be used in balancing area planning and operation. 
Results suggest that simulating PV fleet power production 
using satellite irradiance data holds promise as an 
approach to address some of the challenges associated 
with integrating PV generation into the utility grid. 

1. INTRODUCTION 

The amount of PV connected to the U.S. utility grid has 
grown substantially over the past few years. Many expect 
that this growth will continue and perhaps even 
accelerate. As a result, utilities and agencies in charge of 
the grid have grown increasingly concerned with the 
potential effects. In response to this concern, the 
California Solar Initiative (CSI) has funded research to 
support the development of cost-effective strategies and 
solutions for integrating large amounts of PV into 
distribution systems. 

Clean Power Research (CPR) and its partners have 
undertaken the following grid-integration tasks under this 
program: (1) Create a high resolution solar resource 
database with one-kilometer geographical resolution and 
one-minute temporal resolution (designated as 
“SolarAnywhere High Resolution” [1]); (2) Validate PV 
fleet simulation methodologies using measured ground 
data from fleets of PV systems; and (3) Integrate PV fleet 
simulation methodologies into utility software tools to 
support activities ranging from distribution planning to 
balancing area operation. 

In addition, the California Energy Commission (CEC) has 
funded a complementary project to validate satellite-
derived solar fleet forecasts for use by the California 
Independent System Operator (CAISO). 

2. OBJECTIVE 

This paper presents preliminary results from these 
projects. In particular, the paper describes how to predict 
aggregated PV fleet power and then illustrates its use in 
balancing area planning and operation. The paper uses 
data from CAISO and the Sacramento Municipal Utility 
District (SMUD) to illustrate the results within the state of 
California. 

3. APPROACH 

Three critical components are required to predict PV fleet 
power production: (1) Historical or forecasted solar 
irradiance; (2) PV system specifications; and (3) a PV 
power simulation model. 
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system capacity available on that date. PV Fleet 
Production was simulated for the same day and added to 
the measured System Demand. The result, Total Demand, 
is represented by the solid gray line. 

Future Total Demand was estimated by applying a load 
growth factor to all hours of current Total Demand. 
Assume that Total Demand will grow by 1.7 percent per 
year through 2020. This result is illustrated by the dashed 
gray line. Behind-the-meter PV Fleet Production can now 
be scaled up to model potential capacity in 2020. Assume 
that Governor Gerry Brown’s goal of 12 GW of 
renewable distributed generation power in California by 
2020 [12] is met using PV. The scaled PV Fleet 
Production can be subtracted from the Total Demand to 
estimate future System Demand. This is illustrated by the 
dashed red line. 

The dashed red line is the demand that the balancing area 
authority would need to be prepared to satisfy in 2020. As 
can be seen with this particular day, the result is that the 
behind-the-meter PV is expected to reduce Total Demand 
and flatten the load earlier in the day. A full planning 
study is required to repeat this exercise for all times of the 
year. 

4.2. OPERATION 

In addition to planning, PV fleet simulation capabilities 
may be used for grid operation. Fig. 5 presents the PV 
power forecast at 13:00 on February 14, 2013. The figure 
is constructed by simulating half-hour power output for 
each of the approximately 150,000 PV systems 
individually and then aggregating the results based on the 
geographic location of each system. This forecast 
information can be incorporated into operations by the 
balancing area authority to more effectively schedule non-
solar units. 

5. VALIDATION 

Validation of numeric results is underway and the 
following are some preliminary results. 

Simulated PV fleet production was validated using one 
year (9/1/11 to 8/31/12) of measured half-hour PV power 

production data for a set of 18 large PV systems from 
CAISO. The data were filtered to eliminate data 
collection errors (but still reflect PV plant performance 
issues). Normalized, simulated half-hour PV fleet power 
is plotted versus measured PV fleet power in Fig. 6. 
Results suggest that the relative mean absolute error was 
6 percent ([13] discusses the calculation methodology). 

Another comparison was made with roughly 1,000 
residential and commercial distributed generation systems 
within SMUD’s territory as presented in Fig. 7.  Fleet 
system production was compared over a six-month period 
(4/16/12 – 10/10/12), using hourly measurements from 
PV production meters and resulted in a 5 percent relative 
mean absolute error. Expanding the time period to one 
year may change the results. 

6. CONCLUSIONS 

This paper described preliminary results from CSI and 
CEC projects led by CPR to support the development of 
strategies for integrating large amounts of PV into the 
power grid. The paper described a demonstration of PV 
fleet simulation for the state of California and then it 
illustrated how the results could be used in balancing area 
planning and operation. Results suggested that simulating 
PV fleet power production using satellite irradiance data 
holds promise as an approach to address some of the 
challenges associated with integrating PV generation into 
the utility grid. 
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