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Abstract: Using cost and performance data from residential rooftop solar PV and utility scale 
solar PV “farms” in California the difference in their cost-effectiveness is approximated. It was 
found that residential solar PV costs about 8 times more than utility-scale solar per unit of 
electricity generated, and probably greenhouse gas saved.  This calls into question the wisdom 
of various tax credits, net metering incentives, and mandates to install solar PV on new homes.    
 
Objective: The objective of this paper is to compare the approximate cost-effectiveness of 
residential rooftop solar PV with utility-scale solar farms. This information would help guide 
government policy-making re residential solar.  It would also provide the data that homeowners 
-wanting to invest in solar mainly for environmental reasons- need to decide which form of 
solar would best satisfy that goal.  
 
Findings: This analysis finds that utility scale solar is roughly 8 times more cost-effective than 
residential rooftop solar as a way to generate renewable electricity in northern California. In 
other words, society could produce about 8 times more electrical power and presumably save 
about 8 times more greenhouse gas by spending X dollars building a utility scale solar farm 
rather than spending the same amount building residential roof-top solar PV systems.  This 
ratio is so large that any refinement of these calculations is unlikely to change the overall 
conclusion.  It is not clear this fact has entered the policy making arena where it could affect the 
wisdom of providing tax credits and net-metering benefits to homeowners considering rooftop 
solar PV, or rules requiring new homes to include rooftop solar.   
 
Motivations for this study:  When writing a book about global warming the author came across 
the National Renewable Energy Lab chart below. It showed that the up-front cost of building 
residential solar is roughly 3 times more than utility-scale solar per unit of capacity as measured 
in kilowatts.  Presumably the former were burdened by marketing and site-specific installation 
costs while the latter benefited from economies of scale.  The cost breakdown also made clear 
that even if solar panels were free, the total cost of residential solar would not decline much 
further.   



 
 
From personal observation it was also clear that many residential panels are not optimally 
oriented and/or are partly shaded at times, thus reducing their ability to fully utilize their 
nameplate capacity.  The climate crisis is so large that it demands government spend its limited 
funds where they will produce the most renewable energy and thus save the most greenhouse 
gas.  That did not appear to be residential solar.  These facts motivated this effort to 
understand the relative cost-effectiveness of small residential versus large utility-scale solar. 
 
Method:  Cost-effectiveness will be measured in dollars per kwh of electrical power actually 
produced by real-world PV systems.  The focus will be on systems located in California.  The end 
results will be indicated as a ratio between the cost-effectiveness of utility scale systems and 
residential rooftop systems.  For example, if a dollar spent building a utility scale solar farm 
produced the same amount of power (as measured in kwh/year) as a dollar spent on residential 
solar then the cost effectiveness ratio would be one.  However, if a dollar spent on utility scale 
solar produced five times as much power, then the ratio would be 5 to 1. 
 



The two key data items needed were 1) the up-front capital costs per watt of capacity for both 
residential and utility scale solar, and 2) their relative efficiencies in converting that capacity 
into the amount of electricity (kwh) generated over a reasonable time period, such as a year.  
For that we need to know their capacity factors.  
 
 Capital cost and capacity for residential systems is reported in terms of the total project cost 
and what’s called “nameplate” capacity, usually specified in kw dc.  For example: a 5-kw 
residential system may be reported as costing a homeowner $10,000 before tax credits.  We 
need this data for a reasonably sized sample of real-world systems in a certain geographic area 
such northern California. That can be compared with the same type data for large utility-scale 
systems.  We expect the latter should be less expensive due to economies of scale, easier 
installation, and lower marketing costs.  
 
Capacity factor is the ratio of how much electricity (in kwh) a solar system could theoretically 
generate over a long period (if the sun shined 24 hours per day, the panels were ideally 
oriented re the sun, were never shaded and so forth) versus how many kwh the system actually 
generated in the real world.  A period of one year is adequate for our purposes.  In general, the 
panels in utility scale solar farms can be ideally oriented, are never shaded, and have other 
advantages giving them a higher capacity factor.        
 
There are several potential sources for the needed data.  The “California Distributed Generation 
Statistics” seemed best for the cost per watt of residential systems.  A website called PVOutput 
seemed best for the data needed to compute capacity factor for residential systems.  Both 
provided data on actual real-world installations, as opposed to models and estimates.  Data for 
Utility-scale solar was easily found. 
 
Care is needed to compare systems on an apples-to-apples basis since some data is reported in 
terms of AC watts while other data is reported using DC watts.  
 
 
How the Cost-effectiveness ratio was calculated:  
 
Cost-effectiveness Ratio = Cost per watt ratio / Capacity factor ratio 
 
The actual numbers used were: 
 

Cost per watt ratio: ( $4.40/watt ac for residential solar) / ($0.93/watt ac for utility scale 
solar)= 4.73  
 
Capacity factor ratio:  (17% for residential) / (29% for utility scale) = 0.59 
 
Cost-effectiveness ratio:  4.73/.59 =  8.02 

 



Data sources 
The sources of the values used above are as follows. 
 
Cost of residential solar PV (in $/watt ac) was calculated from an arbitrary sample (chosen by 
the author) of grid-connected residential systems in the PG&E service area that were registered 
in 2021.  They are analyzed in the following spreadsheet.  This data is apparently reported by 
system installers and is accessible at: https://www.californiadgstats.ca.gov/charts/ and 
https://www.californiadgstats.ca.gov/downloads/#_nem_cids.   
 
 

 
 
This value of $4.40/watt ac is consistent with the following chart reporting the costs for all 
systems in the data base.  Many residential systems are under 10-kw in size and would have a 
higher cost ($4.60/w in 2021), but picking the sample above seemed more representative of the 
mix of systems over and under 10-kw in northern California. It yielded a value of $4.40/w.  



 

 
 
 
Cost of utility scale solar.  A value of $0.89/watt dc seemed reasonable given the chart below.  
However, to make it comparable to residential costs as measured in $/watt ac, the ac value was 
converted into an approximate dc value by dividing it by 0.96; a value taken from the 
spreadsheet above.  This yielded a cost of $0.93/watt ac for the lowest cost version of utility-
scale solar    
 



 

 
 
 
Capacity factor of residential solar PV systems.  The data to calculate the capacity factor for 
residential solar came from a web site called PV Output at:  https://pvoutput.org/   
 
PVOutput reports the actual performance of PV systems that their owners choose to register 
with PVOutput.  It includes systems all over the world.  The author selected a sample to 
analyze.  The screenshot below shows the location of registered systems near and east of the 



SF Bay.  The author chose systems from this map to compute the average capacity factor of 
small solar systems in northern California.   
 

 
 
By way of example, the image below shows the system size (in kw dc) and power generated (in 
kwh) by year for the Rincon Valley East system in Santa Rosa, Sonoma County.  On-site 
inspection showed this system was oriented almost directly south and has no shade.  In 2021 
this 11.97 kw system generated 16.576 megawatt hours of ac electricity.  Had it produced at 
this rate for 24 hours per day 365 days per year it would have produced 104.857 megawatt 
hours of ac electricity.  The capacity factor is thus 16.58/104.86 or 16%.   
 



Its notable that a few systems sampled in the central valley produced similar capacity factors 
even though a higher one might be expected.  For example, the next image is for the Harris 
system in Merced, which had a capacity factor of 16.7%. Note: dc kw was not converted to ac 
kw (by multiplying by 0.96) when these two images were made. However, that correction was 
made when calculating the capacity factor for the systems in the spreadsheet. When so 
corrected the capacity factor for Rincon Valley East still rounded to 0.16.    
 

 



 
 
The spreadsheet below captures the data for about 30 systems selected by the author.  It then 
computes the capacity factors for each system, and for the entire sample.  The CF formula 
appears at the top of the chart. To be selected a system had to be operational at least a year 
and have generated power for all of 2021.  As shown in the lower right cell the average capacity 
factor for these small systems was 0.17 or 17%.   
 



 
 
Capacity factor for utility-scale PV:  A value of 29% for California was taken from the National 
Renewable Energy Lab chart below.   This value was compared with the 17% value for small 
(presumably mostly roof-top residential) systems.  NREL computed that 29% value using a 
model as opposed to taking it from real-world, utility-scale solar farms in California.  See 
https://coldwellsolar.com/portfolio/ for video descriptions of some utility-scale solar farms.   
 



All things considered it might be useful to redo this type analysis using cost and capacity-factor 
data from a sample of actual utility-scale solar farms. That would vet and add more credibility 
to these findings.   
 
 

 
 
The EIA published a national average capacity factor of 24.4% as shown in the chart below.  
However, since many systems are not in California it was decided to use the NREL figure of 29%.   
 



 
 
Conclusions:  Utility-scale solar PV systems are far more cost-effective than small, usually 
residential roof-top, systems in generating renewable electric power in California.  This analysis 
suggest they are about 8 times more cost effective.  This multiple is so large it seems that a 
more accurate figure is not worth obtaining in order to merit reshaping government policies 
regarding residential solar.  
  
This further suggests a number of other things: 1) That policymakers sponsor studies to provide 
homeowners with fact-based answers to their concerns about having alternate power in case 
grid-power is lost in emergency situations and how best to recharge electric cars.  2) That 
government and environmental organizations find ways to inform the general public about this 
8 to 1 ratio.  3)  That other options -beside rooftop solar- for individuals to invest in renewable 
power be provided; such as buying shares of wind and utility-scale solar systems. 4) Installing 
intermediate size solar PV systems over parking lots may be an appealing alternative in some 
cases but since the heavy steel and concrete supports require much energy to manufacture 
that should be considered in terms of how much such projects will reduce GHG. 5) Given 
California’s strong RPS standards it might be best to let the utilities decide which and how much 
to support various forms of solar, wind, geothermal and other alternatives rather than have 
government subsidize or mandate particular technologies.  Transmission cost, power line 
safety, storage, and a host of other technical factors make this complex.  
 
  --------------------------------------end--------------------------------------------- 
 


