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Abstract 
 Using cost and performance data from residential rooftop solar PV and large utility-scale solar 
PV “farms” in California it was found that residential solar PV costs about 6 times more than 
utility-scale solar PV per unit of electricity generated. 
 
The following policy questions are raised.  In its effort to increase the production of renewable 
energy in California why should government provide financial incentives for residential roof-top 
solar when utility-scale solar is so much less expensive?  Could those incentives be better 
directed toward utility scale solar, and if so, how?  One such alternative, provisionally called 
“remote solar”, is described in a companion whitepaper.   
 
 
Objective 
 The objective of this paper is to compare the approximate cost-effectiveness of residential 
rooftop solar PV with utility-scale solar farms in California.  This type of comparison has 
apparently not been made before.  What has been done is to publish and sometimes compare 
costs per unit of capacity as measured in $/Watt.  But that omits their relative efficiencies in 
converting capacity into actual production in kWh over time.  This whitepaper’s main 
contribution is to include data on “capacity factors” to remedy that shortcoming.   
 
 The answer would help guide government policy-making re solar incentives, and provide those 
concerned about climate change know which potential policy changes to advocate.   
 
Because this whitepaper suggests a way to generate solar power more economically and thus 
expand its deployment, the main stakeholders that this white-paper is directed toward are 
those government agencies and non-profit organizations most concerned about climate 
change.  The government agencies in California would include: the California Environmental 
Protection Agency or CalEPA; California Air Resources Board or CARB; and the California Public 
Utilities Commission or CPUC.  Owners of utility-scale solar farms may see this as a nascent 
business opportunity.  
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Findings 
 This analysis finds that utility scale solar is roughly 6 times more cost-effective than residential 
rooftop solar as a way to generate renewable electricity in California. In other words, society 
could produce about 6 times more electrical power and presumably save about 6 times more 
greenhouse gas by spending X dollars building utility-scale solar farms 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.  Nevertheless, this 
analysis should be vetted and refined by others more expert than the author.   
 
This finding about cost-effectiveness has not 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. Instead, it 
suggests those tax credits and net-metering benefits be redirected away from roof-top solar 
and into a new service concept that might be called “remote solar”.  Remote solar would allow  
homeowners (and perhaps renters) to -in effect- purchase panels in utility-scale solar farms 
while getting the same financial incentives as they are now getting from roof-top systems.  The 
author has written a companion white-paper describing “remote solar” in more detail.    
 
    
Motivations for this study 
When writing a book about global warming the author came across the eye-catching National 
Renewable Energy Lab chart below. It showed that -nationwide- the up-front cost of building 
residential solar is roughly 3 times more than utility-scale solar per unit of capacity as measured 
in watts.  Presumably the former are 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.   
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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 challenging that society in general, and government in particular, should 
spend their limited funds where they will produce the most renewable energy, and thus save 
the most greenhouse gas, per dollar spent.  That did not appear to be residential solar.  These 
facts motivated this effort to understand the relative cost-effectiveness of small residential 
roof-top PV versus large utility-scale solar.  Surprisingly, the author was unable to find this 
information published elsewhere.  
 
Method 
Cost-effectiveness will be measured in dollars per kwh of electrical power actually produced by 
real-world PV 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 



 4 

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 ($/W) 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 kWdc.  For example: a 5-kW 
residential system may cost a homeowner $20,000 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.  See https://coldwellsolar.com/portfolio/ for video descriptions of some 
utility-scale solar farms.   
 
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 capital cost of residential systems 
(in $/W was obtained from the “California Distributed Generation Statistics at: 
https://www.californiadgstats.ca.gov/downloads/   A website called “PVOutput” was the only 
place the author could find data needed to compute the capacity factor for residential systems. 
https://pvoutput.org/.   Both cost and capacity factor data for utility-scale solar came from:  
https://emp.lbl.gov/utility-scale-solar/.   
 
Some source data is reported in terms of AC watts while other data is reported in DC watts.  
Those were all converted into AC values.  Some values were averages, some were weighted 
averages, and some were median.  Care was taken to deal with these differences.  In so far as 
practical all dollar values were for 2022.   
 
 
Computation of the cost-effectiveness ratio 
This ratio was computed as follows: 
 

Cost-effectiveness Ratio = Cost per watt ratio / Capacity factor ratio 
 
The actual numbers used were: 
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Cost per watt ratio: ( $4.77/watt ac for residential solar) / ( $1.28/watt ac for utility scale 
solar)= 3.73  
 
Capacity factor ratio:  (17% for residential) / (29% for utility scale) = 0.586 
 
Cost-effectiveness ratio:  3.73/0.586 =  6.37 

 
Conclusions 
Large utility-scale solar PV systems appear to be far more cost-effective than small, residential 
roof-top PV systems in generating renewable electric power in California.  This analysis suggests 
they are about 6 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 and looking for opportunities for homeowners and others to take 
advantage of utility-scale solar in ways that benefit not only themselves, but more importantly 
increase the amount of solar deployed and thus the amount of GHG saved.  The key issue is 
this: why should society spend so much on residential solar when it appears a similar 
investment in utility-scale solar would yield a much greater return?  
  
This further suggests a number of other things:  
 

1) That this whitepaper be vetted by experts and if these findings are sustained a similar 
paper be published by CalEPA, CARB, CPUC, NREL, EPRI, Lawrence Berkeley National 
Laboratory, or EERE.  Policymakers may need validation from these recognized sources 
in the record before making policy changes.   

 
2) If saving GHG is better accomplished by utility-scale solar than residential solar then 
policymakers should consider sponsoring studies to determine what unique societal 
benefits, if any, exist for residential solar. 
 
3) That any unique benefits homeowners get from having solar on their roof versus 
obtaining renewable energy thru the grid be clearly determined; assuming they could 
get the same amount of “free energy”, net-metering credit, and capital cost tax credit as 
they now get from roof top solar.  (Note that most roof-top solar systems will not power 
the house if grid power is lost) 
 
4)  That government and environmental organizations find ways to inform the general 
public about this 6 to 1 ratio and its implications.  
 
5)  That other options -beside rooftop solar- for individuals to invest in renewable solar 
power be aggressively explored; such as buying shares of utility-scale solar systems.  
This author has suggested one possible option, provisionally called remote solar, in a 
companion white-paper.  By way of preview, remote solar -if approved by policy 
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makers- might cost the homeowner about one sixth that of roof top; receive the same 
benefits in terms of:  1)“free energy” for use in the house, 2) net-metering credits for 
exported energy, 3) capital cost tax credits; and 4) reach financial break-even in just a 
few years.   
 
6) That the cost-effectiveness of intermediate size solar systems, such as are sometimes 
installed over parking garages or large commercial properties, be determined. This may 
be an appealing alternative in some cases, but the energy needed to make the heavy 
steel and concrete supports should be considered when estimating how much GHG 
would be saved.   
 
7) That the cost-effectiveness of wind energy be evaluated in the same manner as this 
whitepaper has done with residential and utility-scale solar.  

 
 
 
Data sources  
The values used above came from the following sources:  
 
Cost of utility-scale solar   
The cost per watt and capacity factor of utility-scale solar were taken from the data files 
accompanying a detailed report done by Berkeley Lab.  https://emp.lbl.gov/utility-scale-solar/  
 
The median cost of $1.32/Wac for systems in California was taken from the data table shown 
below.  Source: 2023 utility-scale solar data update.xlsx .  It represents the total up-front cost to 
the owner of the utility system, but to compare it to the cost of distributed roof-top solar, 
which reports an average cost not a median cost, this value must be converted as best possible 
into an average cost.  
  



 7 

 
 
Since the average costs for systems in Cal was not in the Berkley data file the following 
imperfect approach was used to convert the median cost of $1.32/W above into an 
approximate average cost.  Per the Berkeley Lab table below the average or mean cost for all 
systems nationwide averaged over the years 2020, 2021 and 2022, was $1.50/W. 
(1.66+1.56+1.27= 4.49/3 =1.50).  While the median was $1.55 (1.81+1.52+1.32= 4.65/3= 1.55).   
Thus the average cost is 0.97 times the median cost.  Based on this ratio the median cost of 
$1.32/W converts to an average cost of $1.28/W (0.97 x $1.32= $1.28).   $1.28/W is the value 
used to compute the relative cost of utility solar vs residential solar.  
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Cost of residential solar PV  
The value of $4.77/watt ac is from the following chart reporting the costs for all systems in the 
data base that are interconnected to the California grid.  Most residential systems are under 10-
kw in size.  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.  The value of $4.77/watt ac 
represents the total cost to the homeowner of his or her roof-top system before any tax credits 
are applies.  For example, at $4.77/W a typical 8 kW system would cost the homeowner 
$38,160 up-front, before the federal tax credit was applied. 
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The SEIA chart below shows the different cost elements that comprise the total system cost.  
This breakdown helps explain why residential solar is so much more expensive than utility-scale 
solar.   The totals in this chart are average costs (in $/Wdc) for systems nationwide.  The NREL 
publishes similar charts.  
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Capacity factor of utility-scale solar 
The capacity factor of 29% for utility scale solar was taken from the CASIO tracking bar in the 
chart below.  (CASIO is mostly California) The tracking bar was selected for this analysis due to 
the following quote from Berkeley Lab: “Fixed-tilt projects are increasingly only being built on 
particularly challenging sites (e.g., due to terrain or wind loading) or in the least-sunny regions 
in the northeast.” From slide 11 at 
https://emp.lbl.gov/sites/default/files/utility_scale_solar_2023_edition_slides.pdf 
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The EIA chart below is another source for capacity factors.  
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Capacity factor of residential solar PV systems:   
The data to calculate the capacity factor for residential solar came from the web site “PV 
Output” at:  https://pvoutput.org/  The author has not been able to find any other source for 
such data. 
 
PVOutput reports the actual performance of PV systems that their owners choose to register 
with PVOutput.  Their database includes systems all over the world.  The screenshot below 
shows the location of registered systems near and east of the SF Bay.  Unable to locate any 
other published information on the capacity factor for residential solar the author selected a 
sample of systems in California from this map to compute the average capacity factor of small 
residential solar systems in northern California.  Next are some charts to better explain the type 
of data obtained from PVOutput and how it was used. 
 
One display offered by PVOutput appears below. 
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By way of example, clicking one of the icons on this map reveals considerable information on 
including the chart below. This example 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 roof-top 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%.  (Capacity 
factor can only be obtained after output is monitored over a year or more.  The year 2021 was 
chosen. 
 
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 below.  When so corrected the capacity factor for Rincon Valley East still 
rounded to 0.16.    
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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%.  
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Given the background above, 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%.  Thus a value of 
17% was used when comparing the cost-effectiveness of roof top residential solar with utility-
scale solar.    
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