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Northern States Power Company, doing business as Xcel Energy, submits the 
enclosed updated Effective Load Carrying Capability (ELCC) Study as discussed in 
our October 1, 2013 comments on the ELCC status in Docket No. E002/M-13-315. 
 
The Company has modified the ELCC modeling assumptions based on input from 
interested parties.  Specifically, parties requested that hourly solar and load patterns be 
based on actual annual data as to preserve the naturally occurring correlation between 
the two, that we test different panel orientations and that we use multiple years of 
data.  The Company has not had an opportunity to receive feedback on the new 
results from parties, and therefore is not proposing to use these results to update the 
solar Standby Service Capacity credit at this time.  
 
We have electronically filed this document with the Minnesota Public Utilities 
Commission, and copies have been served on the parties on the attached service list.  
Please contact amy.a.liberkowski@xcelenergy.com or (612) 330-6613 if you have any 
questions regarding this filing. 
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/s/ 
 

AMY A. LIBERKOWSKI 
MANAGER, REGULATORY ANALYSIS 
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I. Executive Summary 
 
In this update to our original May 1, 2013 Solar ELCC study, we present the impacts 
of new hourly solar patterns and corresponding load shapes on the effective load 
carrying capability (ELCC) of solar PV resources.  Our May 1 analysis used typical 
meteorological year (TMY) data to establish the contribution of solar resources to 
overall system reliability.  Through our stakeholder outreach process it was 
recommended that hourly solar and load patterns should be based on actual annual 
data as to preserve the naturally occurring correlation between the two, and that we 
use multiple years of data.   It was also recommended that we test different panel 
orientations.  
 
The results of the updated analysis show a large range of ELCC values and illustrate 
how sensitive the analysis is to the underlying solar and load patterns used.  Table 1 
compares the results of the May 1 analysis and the results of our updated analysis.  
Table 1 illustrates the ELCC of solar was much lower in 2008 and 2009 than it was in 
2010 or when the typical meteorological year data was used.  
 

Table 1 – ELCC Summary 
May 1st Results TMY
Fixed Panel - 180deg Azimuth, 45deg Tilt 42.9%
1 Axis Tracking 48.1%

October Updated Results 2008 2009 2010 Average
Fixed Panel - 180deg Azimuth, 10deg Tilt 31.5% 27.9% 47.1% 35.5%
Fixed Panel - 180deg Azimuth, 30deg Tilt 31.2% 27.9% 43.2% 34.1%
Fixed Panel - 180deg Azimuth, 45deg Tilt 30.3% 26.7% 40.6% 32.5%
Fixed Panel - 200deg Azimuth, 30deg Tilt 31.8% 28.2% 47.6% 35.9%
1 Axis Tracking 38.6% 34.5% 57.5% 43.5%  

 
Investigating the driving factors behind the ELCC results, we identified weak summer 
demand as the driving cause of the low ELCC values in 2008 and 2009.  As a result of 
cooler than normal weather and the economic recession, customer demand was 
unusually low in the summer of 2008 and 2009.  With weak summer demand the 
value of solar’s contribution to reliability is diminished.  Our perception is that these 
two years are not normal for the NSP system and that the TMY and 2010 results are 
more representative of the typical customer demand.  
 
Figure 1 illustrates that peak demand in 2008 and 2009 was particularly low and also 
lower than the demand used in our May typical meteorological year analysis.  The 
period of 2008-2010 was selected for this analysis as it was the most recent 3 years of 
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solar radiation data available.  The Company is continuing to evaluate other years to 
verify that the 2008 and 2009 are not typical for ELCC analysis.  
 

Figure 1 – NSP Peak Customer Demand 2005-2013 & May 1 TMY Peak 
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II. Background  
 
The Company completed a solar load profile study in response to the Settlement 
Agreement in the Company’s 2011 Test Year electric rate case (Docket No. 
E002/GR-10-971).  Specifically, the Settlement Agreement states: 
 

F.2. Large Solar Facilities. The Chamber proposed development of a new 
DG Solar rate that: a) would not have standby requirements; b) would not have 
demand charge penalties; and c) would reflect the Special MISO Mod E 
accrediting rating for solar installations. At this time, the Company lacks the 
information needed to determine the reasonableness of the Chamber’s request. 
The Company agrees to study the load profile of larger Solar facilities to determine the 
applicability of a solar facility’s unique load characteristics to the standby and supplemental 
rate tariff and share those results with the Chamber by August 15, 2012. (Italics added) 

 
The Commission’s May 14, 2012 FINDINGS OF FACT, CONCLUSIONS AND ORDER 
required the study results to be filed with the Commission and shared with the 
Department of Commerce.  The Company complied with this requirement on August 
15, 2012.  
 
The  Solar Load Profile Study provided an analysis of the production profiles of PV 
facilities greater than 60 kWAC located at three customer sites using metering data.  
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The customer-based analysis was also applied to solar data sets based on a typical 
meteorological year1 for locations at the Minneapolis-St. Paul International Airport 
(MSP) and the St. Cloud Regional Airport (StC).  The results showed that the average 
solar generation during the summer peak demand hours of 1:00 p.m. to 7:00 p.m. 
ranged from 37 percent to 50 percent of maximum rated output.  Table 2 provides 
the availability factor results from the Solar Load Profile Study. 
 

Table 2: Solar Facility Availability Factor Summary 
 1:00 p.m. – 7:00 p.m. On-Peak 
 Customer Sites Modeled Sites 
Tracking:  Fixed Fixed 1-Axis Fixed Fixed 1-Axis 1-Axis 

Site 1 2 3 MSP StC MSP StC 
Summer 47% 43% 46% 37% 37% 50% 50%
Winter 25% 27% 24% 23% 23% 28% 29%
Annual 32% 33% 30% 25% 25% 33% 32%

 
The study concluded that solar contributes to meeting the Company’s peak demand, 
but the contribution is highly variable by time of day, month, and customer load 
requirement.   Due to the limited data available, the Company advised that further 
analysis would be needed to support decision-making.   
 
In May 2013, the Company filed our original Solar ELCC analysis.  This analysis built 
upon the Solar Load Profile study by utilizing hourly loss of load probability 
simulation from the ProSym model.  This analysis used TMY data for both load and 
solar.  However, the solar and load patterns did not perfectly correlate.  The May 1 

study also estimated what capacity accreditation solar might receive based on the 
methodology that MISO prescribes under its Resource Adequacy Business Practices 
Manual2.  Table 3 summarizes the results of our May 1 study.  
 

Table 3 – May 2013 Solar Study Results 
 ELCC* 

 
MISO* 

Accreditation 
TMY – Fixed Panel 42.9% 45.4% 
TMY – 1-Axis Tracking  48.1% 52.3% 
Customer Site 1 – Fixed Panel -NA- 60.7% 
Customer Site 2 – Fixed Panel -NA- 58.6% 
Customer Site 3 – 1-Axis Tracking -NA- 57.2% 

 *Percent of AC nameplate capacity 
 

                                                 
 
2 https://www.midwestiso.org/Library/BusinessPracticesManuals/Pages/BusinessPracticesManuals.aspx 
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Through our collaborative stakeholder outreach process interested parties 
recommended that instead of TMY data, the study should be based on actual historic 
data to ensure the correlation between solar generation and total customer load is 
preserved.  Also to ensure that any single year of data does not produce atypical 
results, parties requested multiple years of data to be evaluated.  Finally, instead of a 
single fixed panel orientation, stakeholders felt multiple different orientations should 
be evaluated to investigate the impact on the ELCC results.  
 
III. Effective Load Carrying Capability of Solar 
 

A. Methodology 
 
The calculation of ELCC incorporates the use of a measure of electric system 
reliability called loss of load expectation (LOLE).  LOLE is calculated by summing 
the hourly loss of load probabilities (LOLP) over an entire year.  LOLPs are in turn 
calculated using computer models to simulate a utility’s hourly loads, generation 
capacity, forced outage rates, and maintenance rates.  For this study, the Company set 
its reliability target as an LOLE of one day in 10 years (or 2.4 hours/year), which is an 
industry standard typically used when evaluating system reliability. 
 
The ELCC attributed to solar generation can be calculated by analyzing two 
generation portfolios: one with incremental solar generation and another with an 
incremental, generic capacity resource such as a gas-fired combustion turbine. The 
total capacity of the incremental, generic capacity resource portfolio is adjusted until 
the sum of LOLPs is equal to the LOLE value achieved by the incremental solar 
generation portfolio.  Then, the ELCC of the solar generation is obtained by dividing 
the incremental generic capacity resource MWAC by the incremental solar MWAC.  For 
example, an ELCC measure of 45% indicates that 45 MW of combustion turbine 
capacity would supply the reduction in LOLE value as 100 MW of installed solar 
capacity.  It can be considered the percent of a system’s maximum AC output that 
solar contributes, on average, to meeting system peak demand.  
 
The Company conducted this ELCC analysis utilizing ProSym3’s direct numerical 
convolution method that is part of the production cost simulation model.  The 
specific procedure used in ProSym to calculate the ELCC of solar is as follows:  
 

1) Set up ProSym model for reliability run analyses and convert all scheduled 
maintenance days to maintenance rates. 

                                                 
3 ProSym is a Ventyx product used in resource planning. 

 4



2) Adjust the firm generic resource capacity in ProSym until the system’s LOLE 
is equal to 1 day in 10 years. 

3) Add 100 MWAC solar profile to the NSP system and run ProSym to record the 
resulting (lower) LOLE. 

4) Remove the 100 MWAC solar profile from ProSym and incrementally add firm 
generic resource capacity (natural gas combustion turbine) until the LOLE 
returns to the lower LOLE recorded in the step 3. 

5) Calculate ELCC as Firm Resource Capacity  MWAC/100 MWAC Solar 
 
This analysis used 100 MWAC solar increments because, after testing, it was 
determined that the actual 10 MWAC level of solar on the NSP system was too small 
to result in reliable model results.  Because the ELCC of solar is approximately 50% 
of maximum rating, the amount of firm capacity in the Prosym model using the actual 
10 MWAC on our system was only about 5 MWAC.  In the context of the 10,000 MW 
NSP system, such a small increment of firm capacity is “lost in the noise” of the rest 
of the model simulations.  Testing with 100 MW provided much more stable results, 
allowing the ELCC values to be generalized to the smaller MW levels currently on the 
system.   
 

B. Solar & Load Data 
 
At the recommendation of interested parties this analysis utilizes actual data from 
2008, 2009, and 2010.  These were the most recent three years of data publicly 
available.  Hourly solar generation patterns were developed using a two step process.   
First hourly solar radiation and other meteorological data were downloaded from the 
National Solar Radiation Database (NSRD)4.  The NSRD includes the following data: 
global horizontal irradiance, direct normal irradiance, diffuse horizontal irradiance, 
temperature, dew-point, relative humidity, pressure, wind speed, and albedo.  The 
second step of the process utilized the Solar Advisor Model (SAM)5 to estimate 
hourly solar generation patterns, based on the NSRD radiation and weather data.  
With SAM the user can specify the type and orientation of PV panels as well as t
type of inverter used.  Based on the recommendation of stake holders we evaluat
the following PV panel orientation

he 
ed 

s: 

                                                 
4 http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2010/targzs/targzs_by_state.html 
5 https://sam.nrel.gov/ 
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  Panel Type Azimuth Direction Tilt 
    Degrees from North   from Horizontal 

1 Fixed 180 South 10 
2 Fixed 180 South 30 
3 Fixed 180 South 45 
4 Fixed 200 South-Southwest 30 
5 1-Axis Tracking   Tracking 

 
The impact of the different panel orientations is shown by comparing the hourly 
generation for a peak summer day.  Figure 2 shows the different generation patterns 
for the five panel orientations evaluation for the date July 15th 2010.  The figure shows 
that panels with a flatter, or more westerly orientation, have higher production in the 
afternoon hours.  The figure also shows that a 1 Axis Tracking System significantly 
increases production in the morning and afternoon hours, although its peak 
generation at solar noon is lower than the fixed panel installations.  
 

Figure 2 –PV Generation - July 15th 2010 
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The difference in annual solar patterns can be evaluated in several ways.  First Figure 
3 and Table 4 summarize the monthly capacity factors for a 45deg tilt 180deg azimuth 
installation for 2008, 2009, and 2010.  The data shows that the 2010 data resulted in 
the highest overall solar generation, although the 2008 had the highest generation in 
July and August. 
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Figure 3 – Monthly Solar Generation 2008, 2009, 2010 
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Table 4 – Monthly Solar Generation 2008, 2009, 2010 
45 Degree Tilt, 180 Degree Azimuth 

AC Generation Relative to Maximum AC Rating 
 

2008 2009 2010
Jan 12.1% 13.4% 11.9%
Feb 13.7% 16.4% 18.5%
Mar 15.6% 16.0% 20.3%
Apr 15.6% 20.0% 18.2%
May 18.4% 18.7% 16.1%
Jun 17.2% 15.6% 13.9%
Jul 19.4% 17.3% 16.8%
Aug 19.1% 18.1% 18.5%
Sep 16.0% 16.8% 13.3%
Oct 15.0% 9.4% 17.0%
Nov 10.7% 12.2% 12.7%
Dec 10.6% 10.3% 7.5%
Annual 16.0% 15.9% 16.4%  

 
The load data used in this analysis is based on net measured customer demand in 
2008, 2009, and 2010.  The raw input data used for this analysis is provided in 
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Appendix A.   Inspection of monthly total energy does not indicate that 2008 and 
2009 are particularly different from 2010 or the data used in the May 1st typical 
meteorological year analysis. Visual inspection of the monthly generation from each 
year and the TMY data does not indicate that 2008 or 2009 might be particularly 
problematic for ELCC analysis.   
 

Figure 4 – Monthly Total Energy 2008-2010 & May 1st TMY 
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However, close inspection reveals that during the curtailment summer peak demand 
period, customer energy usage was particularly low in 2008 and 2009.  Figure 5 
illustrates hourly customer demand during the top 200 hours in June – July.   The 
figure shows that during these critical hours, the demand in 2008 and 2009 was 
significantly lower.  Our expectation is that this is the primary cause of lower ELCC 
values in 2008 and 2009.  
 

 8



Figure 5 – Top 200 Customer Demand Hours in June-August 
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The results of an ELCC analysis are primarily based on the correlation between PV 
generation and total customer demand. To illustrate the correlation between solar 
generation and load Figures 6, 7, and 8 plot the solar generation during the top 100 
customer demand hours in each year.  

 

 9



Figure 6 – 2008 Solar & Load Correlation 
Average PV Generation During Top 100 Hours = 39.3% 
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Figure 7 – 2009 Solar & Load Correlation 

Average PV Generation During Top 100 Hours = 40.5% 
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Figure 8 – 2010 Solar & Load Correlation 
Average PV Generation During Top 100 Hours = 38.9% 
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C. Results 
 

The results of the Prosym ELCC analysis showed considerable variation across years 
and panel orientations.  The results for 2008 and 2009 are considerably lower than 
2010 and lower than the results of our May typical meteorological year (TMY) 
analysis.  Table 5 summarizes the ELCC results.  The average ELCC is over 10 
percentage points lower in 2008 and 2009 than in 2010 with a three year average of 
34.5% for fixed panels and 43.5% for single axis tracking.  The results for different 
panel orientations only result in a total ELCC variation of 3.4%, indicating that 
attempting to optimize panel position to maximize contribution to peak demand does 
not have significant value.  Finally, consistent with our May 1st analysis, single axis 
tracking does increase contribution to meeting peak demand with ELCC values 
approximately 7% to 10% higher than fixed panel orientations.  
 

Table 5 – Updated ELCC Analysis* 
2008 2009 2010 Average

Fixed Panel - 180deg Azimuth, 10deg Tilt 31.5% 27.9% 47.1% 35.5%
Fixed Panel - 180deg Azimuth, 30deg Tilt 31.2% 27.9% 43.2% 34.1%
Fixed Panel - 180deg Azimuth, 45deg Tilt 30.3% 26.7% 40.6% 32.5%
Fixed Panel - 200deg Azimuth, 30deg Tilt 31.8% 28.2% 47.6% 35.9%
Fixed Panel Average 31.2% 27.7% 44.6% 34.5%

1 Axis Tracking 38.6% 34.5% 57.5% 43.5%  
*AC accreditation as a percent of AC nameplate 
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The lower results for 2008 and 2009 led the Company to research the details of the 
ELCC analysis in order to understand the driving factors behind the results.  Our 
research identified weak customer demand as the primary cause for the low ELCC 
results.  These two years stand out as having particularly low peak demands as a result 
of a weak economy and below normal summer temperatures. Figure 6 shows that 
2008 and 2009 had the lowest peak over the past nine years and were lower than the 
peak used in the TMY analysis. 
 

Figure 6 – Peak Customer Demand 2005-2013 
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The result of lower summer demand is that solar contributes less to system reliability 
in the months when its generation is at its highest.  The diminished contribution to 
reliability during summer months can be seen by investigating monthly impact of solar 
on loss of load expectation (LOLE).  As noted in the methodology section, for each 
year the Prosym model is adjusted to such that the LOLE equals one day in ten years, 
or 2.4 hours per year.  Figure 7 shows that because customer demand was low in the 
summers of 2008 and 2009, when the model was adjusted to an LOLE of 2.4 hours 
per year only a small proportion of system reliability was placed in the summer 
months.  The result for 2010 is more in line with expectation that about half of our 
system reliability risk occurs in the months June, July, and August.  
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Figure 7 – Loss of Load Expectation 
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Based on this analysis, the Company will continue to evaluate data from other years to 
verify the results for 2008 and 2009 are atypical and not representative of normal 
ELCC values.  We look forward to stakeholder feedback. 
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Appendix A.xls – Solar Data for 2008, 2009, & 2010 
Tab 1:  Solar Load: Hourly & Monthly Summaries 
Tab 2:  Solar Generation: Monthly Capacity Factor Summaries & Hourly Data  
Tab 3:  Loss of Load Probability: Monthly Capacity Factor Summaries & Hourly Data 
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