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ABSTRACT 
After a decade of explosive growth in the residential solar photovoltaic (PV) market, in 2017 California saw 
its first decrease in annual residential solar installations. This paper suggests that the most probable cause 
of this downturn is the beginning of market saturation in the residential retrofit market (as differentiated from 
the new construction market). It also illustrates how the new construction market, which is growing rather 
than declining, can mitigate a downturn in the retrofit market when sufficient housing growth and aggressive 
new construction policies or initiatives exist. The analysis suggests that 15 - 20,000 jobs are at risk in 
California if steps are not taken to mitigate the downturn. The paper discusses the dynamics of technology 
diffusion and offers data illustrating that the residential solar retrofit market is following a classic S-curve 
diffusion pattern. It further provides implications if current adoption trends continue and offers a forecast of 
residential solar adoption for several scenarios regarding the new construction market. This paper is 
relevant to electric utilities, utility regulatory agencies, solar providers, distribution system planners, 
legislators, and anyone else interested in the future of residential rooftop solar. The lessons learned in 
California apply equally to other states, which are advised to consider the dynamics at play and to plan 
accordingly.  
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BACKGROUND 
Several articles have pointed to a recent downturn in 
residential rooftop solar photovoltaic (PV) installations 
(a market driven largely by California). Data indicate 
that, in California, 22% fewer systems were installed in 
2017 than in 2016 – a first for the decade. A variety of 
hypotheses have been put forth regarding the cause, 
and speculation abounds about whether it is a 
temporary phenomenon, or whether a resurgence will 
occur. This paper suggests that in California, the 
observed decline in residential rooftop solar 
installations is most likely due to the simplest of causes 
– the beginning of market saturation in the retrofit 
market (as differentiated from the new construction 
market). Occam’s razor applies here, and one need 
look no further than the data itself – though a bit 
differently than most have to date.  

  

Bolstered by rapidly declining technology costs, 
favorable tax credits, incentive programs, and net 
metering policies, the rooftop PV market has enjoyed 
tremendous growth over the last decade. An additional 
factor in the success of rooftop solar was the 
emergence in 2009/10 of the third-party-ownership 
(TPO) business model, which removed a key barrier to 
adoption by removing the upfront cost of the system. 
Shifting ownership to a commercial entity opened the 
door to taking better advantage of tax credits and other 
benefits such as accelerated depreciation (which the 
typical homeowner has no way to monetize). The TPO 
model permits a solar provider to offer a “no money 

                                                      
1 Bass, F. (1969). A New Product Growth for Model Consumer 
Durables. Management Science, 15(5), 215-227. Retrieved 
from http://www.jstor.org/stable/2628128  

down” lease or power purchase agreement (PPA) with 
significant electricity bill savings from day one in many 
jurisdictions, and especially in California where 
electricity rates are comparatively high – a good sales 
pitch by any standard.  

The combination of these factors has resulted in 
astounding market growth rates for new installations of 
residential rooftop PV systems – around 40-50% 
compound annual growth rate between 2010 and 2016. 
However, the market for retrofit solar PV appears to 
have passed its inflection point and is now in decline, 
even though the new construction market is booming. 
Success of the new construction market and progress 
toward California’s aggressive “Zero Net Energy” (ZNE) 
homes will be critical to mitigating the downturn in 
residential solar PV installations, which this paper will 
illustrate.  

TECHNOLOGY DIFFUSION 101 
As many first-year business school students learn, the 
successful deployment of any new technology tends to 
follow an S-shaped pattern toward final market 
saturation, as illustrated by the green curve in Figure 1. 
Researchers have observed this phenomenon for 
decades, for scores of technology deployments, 
ranging from color television sets to cellular telephones. 
The best theoretical framework for explaining this S-
curve phenomenon was put forth by Frank Bass in 1969 
in his seminal paper entitled “A New Product Growth 
[Model for] Consumer Durables.”1 Its enduring success 
and explanatory power inspired a reprint of the paper in 
Management Science in 2004, when the publication 
classified it as among the “Ten Most Influential Titles of 
"Management Science's" First Fifty Years.” 2 

While many are familiar with prototypical S-curve 
adoption illustrated in Figure 1, some neglect to 
appreciate an unfortunate yet inevitable implication of 
such a curve – that is, the incremental adoption (the 
orange curve in Figure 1) of a new technology rises, 
reaches a peak, and then falls roughly as quickly as it 

2 Bass, F. (2004). A New Product Growth for Model Consumer 
Durables. Management Science, 50(12), 1825-1832. 
Retrieved from http://www.jstor.org/stable/30046153  

…in California, the observed decline in 
residential rooftop solar installations is most 
likely due to the simplest of causes – the onset 
of market saturation in the retrofit market... 
Occam’s razor applies here, and one need 
look no further than the data itself – though a 
bit differently than most have to date. 

http://www.jstor.org/stable/2628128
http://www.jstor.org/stable/30046153
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rose, following a bell-shaped curve.3 Further, the faster 
incremental adoption rises, the faster it tends to fall after 
the inflection point – an unfortunate effect of S-curve 
adoption considering the rapid growth rate of residential 
solar installations.  

  Figure 1. Prototypical S-Shaped Adoption Curve 

 

Early in a new product’s lifecycle, incremental adoption 
grows exponentially, owing to several reinforcing 
feedback loops that tend to accelerate the rate of 
adoption. A key driver of this exponential growth posited 
by the Bass diffusion model is the reinforcing feedback 
associated with word-of-mouth − often referred to since 
the advent of social media as a “viral” effect. With this 
effect, the more people who have purchased a 
technology, the more people there are to communicate 
the benefits of that technology, which leads to more 
product sales, and so on, in a virtuous cycle. This effect 
is illustrated in Figure 2 as the Viral Effect loop, signified 
by a snowball icon. Here we present the Bass model 
using System Dynamics notation.4  

Additional reinforcing feedbacks are often present in 
new product introductions, such as learning curves, 
economies of scale, and technology and cost 
improvements over time. These feedbacks are not 
explicitly represented in the adjacent figure and are not 
part of the original Bass model, though they are readily 
incorporated into any System Dynamics model. 

                                                      
3 Incremental adoption refers to the new purchases of a 
product per time period.  

Figure 2. Stock/Flow Diagram of Bass Diffusion 
Model 

 

  

After reaching peak adoption, the balancing feedback 
of Market Saturation begins to dominate adoption 
dynamics. The Fraction Remaining of likely adopters is 
reduced to the point where advertising and word-of-
mouth effects are diminished. At this point, incremental 

adoption begins the descent on the other side of the bell 
curve, which corresponds with the inflection point on the 
S-curve of cumulative adoption. Beyond the inflection 
point, acquiring new customers becomes increasingly 
difficult, until eventually new customer adoption dies out 
altogether. These dynamics generate the classic S-

4 Sterman. J (2000). “Business Dynamics: Systems Thinking 
and Modeling for a Complex World.” McGraw-Hill. New York, 
NY. 
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…the faster incremental adoption rises, the 
faster it tends to fall after the inflection point – 
an unfortunate effect of S-shaped adoption 
considering the rapid growth rate of residential 
solar installations. 
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curve of adoption that is seen again and again in 
successful product introductions. 

The shape of adoption can look somewhat different if 
product replacement dynamics come into play, or if the 
stock of potential adopters is increasing over time. With 
solar PV, which has an effective useful lifetime on the 
order of 25 − 30 years, product replacements are 
negligible on the time horizon being modeled here. 
However, the new stock of potential adopters that 
comes from new construction homes is significant. As a 
result, the new construction market can mitigate the 
drop-off in incremental installations once the retrofit 
market begins to saturate and can allow the cumulative 
adoption curve to continue growing, as will be illustrated 
later in this paper.  

IF YOU TORTURE THE DATA LONG 
ENOUGH, IT WILL TALK 
The state of California has been tracking solar PV 
installations since the late 1990s via several databases 
that have evolved over time. The latest incarnation is 
the California distributed generation statistics (DG 
Stats) database, which contains installation data for all 
investor owned utilities (IOUs) from as early as 1987. It 
records system size, cost, location, manufacturer, and 
installer, among other fields. DG Stats is arguably the 
most comprehensive and highest quality dataset for 
tracking solar PV installations in the country. While no 
dataset is perfect, extensive quality control 
mechanisms provide a comparatively high degree of 
assurance that the data are sound and representative 
of the actual market.5 

Analysis of data from the California DG Stats database 
reveals that incremental adoption of residential solar 
systems peaked in December 2015 and has been on a 
downward trend ever since. When incremental adoption 
data are aggregated by month of installation, and 
viewed over the last ten years, the prototypical bell-
shaped pattern begins to reveal itself. Figure 3 shows 
incremental monthly installations and cumulative 
installations over time. The data alone suggest that the 

                                                      
5 From https://www.californiadgstats.ca.gov/faq/. “To make 

the Interconnection Applications Data Set, hundreds of data 
integrity tests are applied to the raw data from the IOU 
interconnection departments to remove any applications with 

retrofit market has likely passed its inflection point and 
is beginning to show signs of saturation.  

Figure 3. Monthly and Cumulative System 
Installation Data from CA DG Stats Database 

 

Most analysts observing the market data, however, are 
not looking at it with an appropriate level of detail, or 
over an appropriate time horizon, to detect this trend. 
Often, analysts focus on cumulative adoption, where it 
is more difficult to detect saturation than when 
observing incremental adoption. In the DG Stats 
database online interface, for instance, the most 
prominent graphic portrays cumulative adoption, with 
incremental adoption stacked in way that does not 
make its characteristic rise-and-fall behavior over time 
readily apparent. Other times, analysts aggregate the 
data by quarter or by year and only over a brief time 
frame (e.g., a few quarters or years), again making 
detection of market saturation difficult or impossible. 

More detailed observation of the data reveals that the 
characteristic rise-and-fall pattern for incremental 
adoption holds across all investor owned utilities (IOUs) 
in California, though SDG&E is a bit further past peak 
adoption than the other electric IOUs. Figure 4 provides 
the raw data from the California DG Stats database for 
all three electric IOUs, each of which reached a peak in 

data errors, such as a data field outside acceptable ranges. 
The applications removed due to errors are reviewed (and 
fixed) regularly by the IOU interconnection departments.” 
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monthly installations in December 2015 and has since 
been on a downward trend. 

Figure 4. Monthly Installations by IOU 

 

Further inspection of the geographic distribution of solar 
PV installations in California (Figure 5) reveals that 
pockets of high concentration exist (e.g., several ZIP 
Codes have solar PV installed on more than 25% of 
total housing units); however, a greater percentage of 
the state has seen lower levels of adoption, particularly 
in more rural areas. The three IOUs in California have 
about 690,000 residential solar PV systems installed 
(through December 31, 2017), which represents 5.8% 
of the ~11,900,000 housing units within their service 
territories.6  

                                                      
6 DG Stats does not include information regarding whether the 
system was installed on a single-family or multi-family home, 
hence the use of total housing units for most percentages 
presented.  
7 lumidyneconsulting.com/distributed-energy-resources  

Figure 5. Percent of Housing Units with Solar PV6 

 

FORECASTING ADOPTION 
It is possible to model this adoption behavior over time 
using computer simulation.7 Early in a product’s 
lifecycle, however, it is difficult to estimate the point at 
which the market would likely saturate. Typical methods 
of estimating long-run market saturation include 
assuming a certain “payback acceptance” curve, or 
employing a logit market share model characterized 
through Discrete Choice Analysis.8,9 These methods, 
while sound, are inherently uncertain – particularly 
when one is early in the adoption lifecycle. However, 
once adoption passes the inflection point, uncertainty in 
the likely market saturation level can be greatly reduced 
using parameter-fitting methods that provide a good fit 
between historic adoption and simulated adoption using 
a Bass diffusion construct.  

8 https://www.nrel.gov/docs/fy16osti/65231.pdf (NREL 
NREL/TP-6A20-65231 February 2016, page 23) 
9 Ben-Akiva, Moshe and Lerman, Steven R.: Discrete Choice 
Analysis: Theory and Application to Travel Demand, MIT 
Press 1985.  
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Lumidyne’s SPIDER™ (Spatial Penetration and 
Integration of Distributed Energy Resources) model, a 
Bass diffusion model implemented in a System 
Dynamics framework, permitted calculating best-fit 
parameters that could be used to forecast adoption. The 
model explicitly differentiates between retrofits of 
existing buildings with solar and installation of solar in 
new construction homes, since these markets behave 
very differently, as will be illustrated.  

Thanks in large part to California’s New Solar Homes 
Program, the percentage of new homes built with solar 
has increased from less than 1% in 2007 to roughly 
20% in 2017, which is accounted for in the forecast 
below.10 The state of California has an aggressive 
target of 100% of new construction homes meeting a 
Zero Net Energy (ZNE) standard by the year 2020, 
which would provide a significant boost to the monthly 
installations of residential solar and help mitigate the 
decline in the retrofit market.11 However, the growth rate 
of the percentage of new homes installing solar PV 
would have to accelerate to materially mitigate the 
current pattern of decline in the retrofit market.  

Figure 6 provides a comparison of the actual monthly 
solar installations with the simulated value using best-
fit model parameters. The green line shows the 
simulated rise and fall of incremental adoption that is 
characteristic of Bass diffusion. Normally, this curve 
would asymptotically approach zero once the market 
becomes saturated, similar to that seen in Figure 1. 
However, new construction homes offer a continued 
source of installations and can mitigate the ultimate 
downturn in the market in jurisdictions with sufficient 
housing growth.  

The “Scenario 1” forecast assumes that the percentage 
of new construction homes with solar installed ramps up 
from its current value of ~20% after 2017 to 30% by the 
end of 2020, leveling off thereafter, for illustration 
purposes (this ramp rate is consistent with historical 
growth in the percentage of new homes in California 
installed with solar). Later graphics illustrate the impact 
of a wide range of new construction installations, 

                                                      
10Calculated using data from 
https://www.newsolarhomes.org/WebPages/Public/Reports.a
spx.  

ranging from 20% up to the aggressive target of 100% 
by 2020. 

Figure 6. Simulated vs Actual Monthly Installs. 
Scenario 1: New Construction Share = 30% by the 

end of 2020  

 

To compare the contribution from new construction 
solar with that from retrofits of existing homes, Figure 7 
stacks the two sources of simulated installations (the 
total of which corresponds with the “simulated” curve in 
Figure 6). With best-fit diffusion parameters, retrofit 
installations drop off significantly over the next several 
years due to the onset market saturation. This downturn 
is mitigated to an extent by assumed growth in the new 
construction market, though the increase in new 
construction installations does not offset the downturn 
of the retrofit market.  

 

11 http://www.cpuc.ca.gov/ZNE/  
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… the growth rate of the percentage of new 
homes installing solar PV would have to 
accelerate to materially mitigate the current 
pattern of decline in the retrofit market. 
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Figure 7. Simulated Retrofit vs New Home Solar 
Installs. Scenario 1: New Construction Share = 

30% by the end of 2020 

  

Summing all monthly installations reveals the 
cumulative installations over time, as shown in Figure 
8, which compares simulated with actual installations 
using best-fit model parameters.  

Figure 8. Simulated vs Actual Cumulative 
Installations: Scenario 1: New Construction Share 

= 30% by the end of 2020 

 

Cumulative installations show a steady but slower rate 
of increase in adoption due to housing growth and 
installation of solar in new homes. Without this housing 
                                                      
12 We note that the “word-of-mouth” parameter in the Bass 
model, as we have fit it, appears to have strengthened over 
time, which may be unsurprising since this parameter is 
influenced by the network effects of social media (though 

growth, one would expect the S-curve to flatten out as 
shown in Figure 1 as the retrofit market eventually 
saturates. 

Two observations stem from the above figures. First, 
the Bass diffusion model, when appropriately 
parameterized, appears to do an excellent job of fitting 
historical adoption patterns, both for incremental 
adoptions (Figure 6) and cumulative adoptions (Figure 
8).12 Second, with current growth rate in the new 
construction market for solar PV, a decline in 
installations appears likely to occur over the next 
several years. For perspective, consider that roughly 
106,000 homes are currently constructed in the IOU’s 
service territories each year. When compared with the 
150,000 systems installed in the peak year of 2016, it is 
evident that a sizable percentage of new construction 
homes would need to install solar to offset a decline in 
the retrofit market. 

IMPLICATIONS  
Many factors, if realized, could mitigate the current 
pattern of decline in system installations in the 
residential sector. These factors are discussed later in 
this white paper. However, if the Scenario 1 pattern of 
adoption holds, it would have the following implications:  

 New installations of residential rooftop PV would 
be expected to drop from a peak of about 149,000 
systems/year in 2016 to ~92,000 in 2018 and ~46,000 
in 2020 (a 69% drop relative to the peak in 2016).  

 Jobs associated with residential rooftop PV 
installations would need to shift to other market 
segments (e.g., commercial), technologies (e.g., retrofit 
of installed PV with battery storage systems), or to new 

other factors are also likely at play). As such, we have made 
a slight modification to the Bass diffusion model to permit the 
“word-of-mouth” parameter to grow over time, and we fit the 
appropriate growth of that parameter as well. 

0

2

4

6

8

10

12

14

16

Ja
n-

09
Ja

n-
10

Ja
n-

11
Ja

n-
12

Ja
n-

13
Ja

n-
14

Ja
n-

15
Ja

n-
16

Ja
n-

17
Ja

n-
18

Ja
n-

19
Ja

n-
20

Ja
n-

21
Ja

n-
22

Ja
n-

23
Ja

n-
24

M
on

th
ly

 In
st

al
la

tio
ns

 (1
00

0s
)

Retrofit

New Construction

0

200

400

600

800

1,000

1,200

Ja
n-

09
Ja

n-
10

Ja
n-

11
Ja

n-
12

Ja
n-

13
Ja

n-
14

Ja
n-

15
Ja

n-
16

Ja
n-

17
Ja

n-
18

Ja
n-

19
Ja

n-
20

Ja
n-

21
Ja

n-
22

Ja
n-

23
Ja

n-
24C

um
ul

at
iv

e 
In

st
al

ls
 (1

00
0s

)

Simulated

Actual

… an estimated 15 - 20,000 jobs are at risk in 
California (relative to the peak in 2016) if 
steps are not taken to mitigate the downward 
trend of residential installations. 
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construction homes to prevent losses in the sector. 
Labor intensity data from NREL regarding solar PV 
installations, combined with forecasts of incremental 
adoption, suggest that an estimated 15 - 20,000 jobs 
are at risk in California (relative to the peak in 2016) if 
steps are not taken to mitigate the downward trend of 
residential installations.13  

 Roughly 8.5% of homes in California would be 
expected to install rooftop solar PV systems by the end 
of 2024.  

ALTERNATIVE HYPOTHESES 
A few alternative hypotheses for the recently observed 
downturn in residential PV installations have been 
suggested, though without much conviction, and none 
of them appears to be as compelling as the simpler 
explanation of the retrofit market entering the early 
stages of saturation.  

 Some sources suggest that recent changes to Net 
Energy Metering (NEM) policy (referred to as NEM 2.0) 
could help explain the recent downturn. However, 
studies indicate that the impact of NEM 2.0 on the value 
proposition to a new residential solar customer is 
minimal – roughly a 3% reduction in the bill savings for 
a typical residential customer. As such, it does not 
appear that NEM 2.0 is likely a driving factor in the 
marked downturn in adoption.14  

 Others suggest that rainy weather in the earlier 
part of 2017 could help explain a downturn in adoption. 
Considering that incremental adoption has been 
trending downward since after the peak month of 
December 2015, this explanation is also unsatisfactory.  

FACTORS THAT LIMIT THE RETROFIT 
SOLAR MARKET SIZE 
One may be skeptical that the residential retrofit market 
is showing signs of the onset of saturation, given that 
only about 6% of housing units currently have a PV 
system installed. Time will be the judge of whether the 

                                                      
13 Assuming a range of 22 – 33 full-time equivalent jobs per 
MW of rooftop PV installed. From: 
https://www.nrel.gov/docs/fy13osti/56390.pdf, page 22.  
14http://blog.aurorasolar.com/white-paper-the-financial-
impact-of-net-energy-metering-2-0-policy/  

retrofit market recovers, of course. However, there are 
many factors at play that inevitably limit the ultimate 
market for this product, as economically attractive as it 
is in California. This paper provides a qualitative 
description of these factors below.   

 Only a fraction of residential housing is technically 
suitable for a solar PV installation, due to considerations 
such as roof orientation and shading, among others. A 
recent study by NREL estimated, for instance, that 
residential rooftops have the technical potential to 
generate about 44% of the electricity consumed by 
residential homes (The study estimates that roughly 
90% of homes in California have at least one plane 
suitable for a solar system greater than 1.5 kW; though 
most systems are closer to 6 kW).15   

 Not all homes are owner-occupied, which presents 
another barrier to adoption of a solar PV system. 
Homes that are rented present a classic “split incentive” 
challenge, whereby the investor in the solar system 
(e.g., the landlord) incurs the costs, but the rewards 
(e.g., lower electricity bills) are reaped by the tenant. 
Data from studies in Hawaii, for instance, identify a 
strong correlation between PV market share and 
owner-occupancy in a given geographic region.16 For 
reference, US Census Bureau data indicate that 
roughly 54% of housing units (including single-family 
and multi-family units) in California are owner 
occupied.17   

 Though the economics of solar PV are highly 
favorable in California, with comparatively short 
payback times for cash purchased systems, a well-
known barrier to adoption of these systems is the high 
upfront cost – on the order of $15,000 - $25,000 for a 
typical system size. Even if one can expect a short 
payback time, many residents simply do not have the 
discretionary funds available to purchase a system. And 
if they do, energy savings is often not the highest priority 
for those funds.  

 As discussed earlier, emergence of the third-party-
ownership model helped to alleviate the upfront-cost 

15https://www.nrel.gov/docs/fy16osti/65298.pdf   
16http://files.hawaii.gov/dbedt/economic/data_reports/briefs/A
nalysis_of_Solar_PV_Activities_in_Honolulu.pdf  
17https://www.census.gov/quickfacts/fact/table/CA/HSD4102
16  

https://www.nrel.gov/docs/fy13osti/56390.pdf
http://blog.aurorasolar.com/white-paper-the-financial-impact-of-net-energy-metering-2-0-policy/
http://blog.aurorasolar.com/white-paper-the-financial-impact-of-net-energy-metering-2-0-policy/
https://www.nrel.gov/docs/fy16osti/65298.pdf
http://files.hawaii.gov/dbedt/economic/data_reports/briefs/Analysis_of_Solar_PV_Activities_in_Honolulu.pdf
http://files.hawaii.gov/dbedt/economic/data_reports/briefs/Analysis_of_Solar_PV_Activities_in_Honolulu.pdf
https://www.census.gov/quickfacts/fact/table/CA/HSD410216
https://www.census.gov/quickfacts/fact/table/CA/HSD410216
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barrier through commercial ownership of a PV system 
that is leased to a customer, or where the energy from 
the installed system is sold to the customer at a 
specified rate through a power purchase agreement 
(PPA). However, such arrangements are typically 
accompanied by long contract terms, on the order of 20 
years, at which many homeowners balk. Two reasons 
for this are 1) uncertainty in their likely tenure in the 
home and 2) unknown impact on resale value of a home 
that comes with a long-term contract liability. Further, 
market data indicate a swing back toward cash 
purchases and away from leased systems or PPAs as 
solar providers seek to improve their cash flow and 
near-term profitability.18 

 For those who are willing to enter into a long-term 
contract to purchase solar electricity from a system 
owned by a third party, only a fraction will meet the 
stringent credit requirements necessary to secure a 
lease or PPA from the provider. For instance, a credit 
score of 680 or higher is often required by TPO 
providers to qualify for a lease – a value that about half 
the population falls below.19   

 Finally, the inevitable “hassle factor” will tend to 
limit the overall market for a product that is not a 
necessity, and where it is simply easier to do nothing 
than to do something.  

FACTORS THAT COULD MITIGATE THE 
DECLINE 
Many factors, if they come to fruition, could mitigate the 
decline in residential solar installations, or at least the 
risk presented to jobs associated with residential 
installations. Further study and dynamic modeling could 
quantify the magnitude of the potential impact of each 
of these factors, though this paper focuses primarily on 
the impact of the new construction market.  

 To date, other customer sectors such as 
commercial, industrial, government, and agricultural 
have been targeted less aggressively than the 
residential sector for rooftop PV systems, likely due to 
having lower electricity rates in those sectors, making 

                                                      
18http://www.ncsl.org/Portals/1/Documents/energy/solar_wor
kshop_Austin%20_Pereaa_present_6_2017_31424.pdf (see 
slide 6) 

the economics of solar less attractive than in the 
residential sector. Shifting focus to these sectors could 
mitigate the risk to jobs associated with residential solar 
installations. Though other sectors, such as 
commercial, have seen an uptick recently, the increase 
in installations in other sectors has not been sufficient 
to offset the decline in residential installations, as 
illustrated in Figure 9. This figure shows capacity in MW 
AC rather than the number of installations, since PV 
systems in other sectors tend to be much larger. 
Therefore, capacity values provide a more appropriate 
basis for comparison.  

Figure 9. Monthly Installations by Sector (MW AC) 

 

 Housing growth in California, combined with strong 
policies or initiatives for “zero net energy” homes, could 
provide an ongoing source of new solar installations in 
the residential sector. 

19 https://www.valuepenguin.com/average-credit-score  
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…housing growth in California, combined with 
strong policies or initiatives for “zero net 
energy” homes, could provide an ongoing 
source of new solar installations in the 
residential sector. 

http://www.ncsl.org/Portals/1/Documents/energy/solar_workshop_Austin%20_Pereaa_present_6_2017_31424.pdf
http://www.ncsl.org/Portals/1/Documents/energy/solar_workshop_Austin%20_Pereaa_present_6_2017_31424.pdf
https://www.valuepenguin.com/average-credit-score
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Figure 10 illustrates simulated annual installation of 
solar PV systems for several scenarios of the 
percentage of new homes installed with solar, ranging 
from 20% to 100%. The modeled installation 
percentage ramps over time from its current value of 
20% in January 2018 to the final market share 
illustrated by the end of 2020. As can be seen in this 
figure, a sizable percentage of new homes would have 
to be installed with solar PV to materially mitigate the 
forecast decline in new system installations. And, due 
to the assumed ramp-up time to meet this percentage, 
new system installations drop by at least 35% relative 
to their peak in 2016 even under the most aggressive 
assumptions about the percentage of new homes with 
solar PV.   

Figure 10. Annual Installations for a Range of 
Percentages of New Construction Homes Built with 
Solar 

 

This same output is provided in Figure 11 as the 
cumulative housing units with solar PV as a percentage 
of all housing units. As seen in this figure, between 8% 
and 12% of housing units would be expected to have 
solar PV installed at the end of 2024, depending on the 
assumed percentage of new construction homes that 
install solar. For reference, about 6% of all housing units 
(single and multi-family) in the IOU service territories 
currently have rooftop solar PV (at the end of 2017). 

                                                      
20 https://drpwg.org/  

Figure 11. Percentage of Total Housing Units with 
PV, for a Range of New Construction Market Shares 

 

 Though much attention is given to rooftop PV, 
utility-scale solar also offers an opportunity for 
continued growth in solar installations, as population 
and electricity demands grow, as older generating units 
retire, and as further pressure to reduce greenhouse 
gas emissions increases the demand for zero-carbon-
emission generating resources.  

IMPLICATIONS FOR DISTRIBUTION 
PLANNING 
An increasing number of utilities are proactively 
planning the evolution of their electricity distribution 
systems considering the rapid growth of distributed 
energy resources (DERs) such as solar PV, battery 
storage, and electric vehicles, among others. California 
is leading the nation in efforts to improve distribution 
planning to account for these factors. To that end, it has 
established the Integrated Distributed Energy Resource 
(IDER) working group and Distribution Resource Plan 
(DRP) working group to facilitate collaboration and 
guidance to California Investor Owned Utilities 
(IOUs).20 Other jurisdictions are expected to follow suit 
as the market for DERs evolves. 
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Though much of the story around possible saturation in 
the residential solar retrofit market might be construed 
as having negative impacts, the decrease in uncertainty 
once adoption passes the inflection point is a benefit 
from a distribution system planning perspective. 
Inspection of the adoption data suggests, for instance, 
that the inflection point of incremental adoption has 
been passed not only at a statewide level, but also in 
most of the ZIP Codes analyzed. Thus, the ability to 
forecast DER adoption at a granular level is now greatly 
improved relative to just a year or two ago. 

 

RECOMMENDATIONS FOR OTHER 
STATES 
After Hawaii, California leads the nation with respect to 
solar PV installations per household. Thus, what 
happens in California is likely to happen somewhat later 
in other states as they progress further along the S-
curve of solar PV market adoption. Other jurisdictions 
are therefore in a better position to plan ahead in 
anticipation of the inevitable S-curve dynamics of solar 
PV adoption. There are several ways in which other 
utilities, regulatory agencies, legislatures, or solar 
providers can use the insights gained from California in 
their planning processes.  

 Other jurisdictions should be aware that the 
dynamics of rooftop PV adoption are analogous to the 
characteristic “boom and bust” of a mining town. In 
mining towns, explosive job growth is typically followed 
by a rapid decline once the minerals in the region have 
been exhausted. In like fashion, once the opportunities 
for retrofit installations of rooftop solar PV begin to dry 
up due to market saturation, there is significant potential 
for a negative impact on jobs.  

Unless steps are taken to mitigate the effect, one can 
expect a ripple of “boom and bust” waves to propagate 
across the country as each retrofit market ultimately 
becomes saturated. These dynamics will come into 
play, of course, even if the ultimate market saturation 
point is much higher, or lower, than it is in California – 
the difference would be in the timing and magnitude of 
the rise and fall. For jurisdictions with sufficient housing 
growth, strong new construction policies or initiatives 
could mitigate this effect to a large extent. Other states 
may be able to plan further ahead to avoid or reduce 
the impact of a market downturn once the retrofit market 
begins to saturate.  

 

 Solar providers could model this dynamic in each 
of their geographic markets to better forecast revenue, 
profits, and staffing requirements. Improved 
understanding of the dynamics at play can further 
inform business strategy, customer segmentation, 
lobbying priorities, product pricing, and planning.  

 Electricity distribution planners at utilities across 
the nation could capitalize on this information, 
employing the modeling techniques presented herein, 
to reduce uncertainty in the impact of solar PV, and 
other DERS, on grid investment planning.  

FUTURE STUDY 
Much of the modeling work we have done in past 
studies has focused on detailed estimation of price 
sensitivity, technical suitability of homes, credit score 
eligibility, system cost forecasts, and other factors to 
estimate the ultimate saturation point and to forecast 
adoption over time. This higher-level analysis, however, 
relies more heavily on parameter fitting of the data itself 
to provide insight into the likely saturation point. This 

… the decrease in uncertainty once adoption 
passes the inflection point is a benefit from a 
distribution system planning perspective…the 
ability to forecast DER adoption at a granular 
level is now greatly improved relative to just a 
year or two ago. 

Other jurisdictions should be aware that the 
dynamics of rooftop PV adoption are 
analogous to the characteristic “boom and 
bust” of a mining town… For jurisdictions with 
sufficient housing growth, strong new 
construction policies or initiatives could 
mitigate this effect to a large extent.  
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approach, while offering considerable insight, is less 
appropriate for estimating the impact of future 
government policies, electricity rate structures, federal 
investment tax credits, or other factors than an 
approach that incorporates all of these elements into an 
internally consistent and rigorously applied dynamic 
adoption model. Additional research that marries the 

two approaches is warranted and would help to shed 
light on the likely future of the market for rooftop solar 
PV in California and other jurisdictions under a variety 
of technology cost, electricity rate, tax credit, and policy 
scenarios. We look forward to continuing this research 
and to exploring the path forward to a clean and 
sustainable energy future.  
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