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1. Int oduction 

The so ar photovo taic (PV) industry comprises sub-industries such as si icon mining, 

modu e manufacturing, and system insta  ation. PV insta  ation is  arge y unique among 

these industries for its  arge and  oca ized popu ation of firms. The PV insta  ation 

industry consists of about 3,000 companies in the United States a one, and most 

insta  ation firms serve a customer base in a  oca  geographic area [1]. Emp oyment in 

the insta  ation industry more than trip ed from 2010 to 2016, with over 130,000 peop e 

emp oyed in the United States in 2016, making PV insta  ation among the fastest 

growing industries in the country [2]. The rapid expansion of the new industry and the 

 oca ized nature of PV insta  ation prompts questions about the insta  ation industry’s 

market structure, such as how market shares are distributed among insta  ers, how the 

distribution of market shares affects inter-insta  er competition, and how that 

competition affects PV dep oyment. 

Market structure comprises mu tip e variab es that determine an industry’s competitive 

intensity, such as the number of firms, market concentration (distribution of market 

shares), rates of market entry and exit, and degree of product differentiation [3]. An 

improved understanding of market structure can provide insights into an industry’s 

firms’ strategies [4], operationa  efficiency [5], and innovation [6], among other factors. 

In the context of residentia  PV, po icymakers and researchers are particu ar y 

interested in the re ationship between PV market structure and insta  ed prices. PV 

prices continue to exhibit price dispersion despite significant price reductions [7-11].  

Differences in  oca  market structure may exp ain price dispersion and spatia  price 

variation [8]. Severa  studies suggest that prices are  ower in markets with more 

competing insta  ers [9, 12, 13], and that prices are  ower in more concentrated markets 

(markets where some insta  ers ho d disproportionate y high market shares) [9, 11, 14]. 

In a working paper, Bo  inger et a . [12] show that more competitive market structures 

can acce erate PV adoption rates. PV market structure cou d thus be a key variab e in 

the future trajectory of insta  ed prices and PV dep oyment. 

The residentia  PV industry consists of many  ow-vo ume  oca ized insta  ers competing 

with a few high-vo ume regiona - and nationa -sca e insta  ers [1, 11, 15-17]. Residentia  

PV market structure is described broad y in [15, 17, 18], however it has not been 

described at a granu ar  eve . This artic e fi  s this research gap by  everaging a rich data 

set to describe trends in residentia  PV market structure from 2000 to 2016. Severa  

market structure metrics show how the industry has evo ved in terms of the number of 

insta  ers and market concentration. A descriptive ana ysis of the re ationship between 

PV market structure and emerging customer financing options is a so provided. The 
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artic e does not eva uate the effects of market structure trends on industry competition, 

prospects, and so forth; the imp ications of the observed trends wi   be examined in 

future research. 

The artic e is organized as fo  ows. Section 2 describes the data and methods used for 

this study. Section 3 summarizes market structure trends in the U.S. residentia  PV 

insta  ation industry in terms of number of insta  ers and market concentration. Section 

4 presents a descriptive ana ysis of the re ationship between PV market structure and 

recent trends in customer financing options. Section 5 provides a discussion and 

conc usion of the artic e.  

2. Data and Methods 

The study data are from the Lawrence Berke ey Nationa  Laboratory’s Tracki g The Su  

(TTS) data set. TTS comprises insta  ed PV system data from about 80% of the U.S. 

market co  ected from more than 60 PV incentive and interconnection programs [19]. To 

 imit the study to residentia  PV systems, observations were dropped that se f-reported 

as non-residentia , as we   as observations with system sizes  arger than 15 kW. 

The raw TTS data inc ude se f-reported insta  er names that may be used to distinguish 

between different insta  ers. More than 30,000 unique insta  er names are reported in the 

raw data. However, most se f-reported names are variants of other insta  er names or 

data reporting errors. For instance, a company such as “B ue So ar” may be se f-

reported as “B ue So ar Company” (variant) and “B ue Soo ar” (error). In these cases, a   

insta  er names were changed to a sing e base name (e.g., “B ue So ar”). Other cases of 

dup ication required additiona  judgment. For instance, “B ue So ar” and “B ue So ar & 

E ectric” may be variants or may represent two unique companies. These possib e 

matches were addressed through an additiona  geographic criterion. If two possib e 

matches shared the same moda  county (the county where the named insta  er insta  ed 

the most systems), then the possib e matches were changed to a sing e base name. 

Otherwise the possib e matches were treated as separate companies. When necessary, 

additiona  web searches supp emented the name-matching process. However it is sti   

possib e that some unique insta  ers were erroneous y grouped under a sing e insta  er 

name, or that a sing e insta  er was erroneous y separated into mu tip e insta  er names 

(see Section 2.3). Fina  y, persona  names (e.g., John Smith) were common y se f-

reported. When persona  names were se f-reported for mu tip e systems, it was 

assumed that the persona  name represented a rea  insta  er. When a unique persona  

name was se f-reported for a sing e system, it was difficu t to conc ude whether the 

name represented a rea  insta  er, an emp oyee of an insta  er, or a homeowner who se f-

insta  ed the system. The 451 names of this type were treated as missing va ues and 
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dropped from the data. The resu ting data set used in this study consists of 938,955 

systems insta  ed between 2000 and 2016 in 20 states. The number of unique insta  er 

names dropped from more than 30,000 to about 8,700.  

2.1 Ma ket definitions 

Measurements of market structure are sensitive to the geographic boundaries used to 

define markets [20-22]. In this study, market structure resu ts are presented at the 

nationa , state, and  oca   eve s. Loca  markets are defined according to the methodo ogy 

deve oped in [1]. The concept of the  oca  market is to draw boundaries between 

dissimi ar groups of  oca  insta  ers. The method does not re y on jurisdictiona  

boundaries, such that markets can comprise mu tip e cities and may cross state borders. 

App ied to the study data, this approach generates 961  oca  markets.  

2.2 Ma ket st uctu e met ics 

Three metrics are used to describe market structure in this artic e: the number of 

insta  ers, market shares of the highest-vo ume insta  ers, and the Herfindah -

Hirschman index (HHI). For a   metrics, an “active” insta  er refers to a company that 

insta  ed at  east one system in a given year. Note that any company that insta  ed at 

 east one PV system is considered an insta  er. This definition inc udes companies from 

re ated service industries such as e ectrica  contracting that insta   PV as a side business. 

Market concentration refers to the distribution of market shares in an industry. A 

market where many firms ho d re ative y even market shares is said to be un-

concentrated, whereas a market with few firms or where a few firms ho d 

disproportionate y high market shares is said to be concentrated. A simp e 

measurement of market concentration is the market share of an industry’s highest-

vo ume firms. A   e se equa , an industry’s high-vo ume firms ho d higher market 

shares in more concentrated markets. 

HHI provides a numerica  va ue for the degree of market concentration within an 

industry. HHI is the most common metric used to describe market concentration due to 

its strong basis in o igopo y theory, its abi ity to summarize the entire concentration 

curve, and its emphasis on the market shares of high-vo ume firms [23]. By its 

construction, the HHI a ways increases when market shares shift from  ow-share to 

high-share firms, a   e se equa , and a ways decreases when more firms enter the 

market, a   e se equa  [3]. HHI has been the primary market concentration metric used 

in PV econometric research [9-11, 14]. HHI is the sum of the squared market shares of 

a   companies in a given market and period: 
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� (1) �
  �� ���� = ��
���� 

Where ���� is HHI at time �, �� is the number of active firms, � is the tota  vo ume of 

insta  ations, and  �� is the vo ume of an individua  insta  er �. Low HHI (approaching 

zero) suggests  ow market concentration, whereas high HHI (approaching one) 

suggests high market concentration. As a genera  guide, the U.S. Department of Justice 

defines un-concentrated markets as HHI<0.15, moderate y concentrated markets as 

0.15<HHI<0.25, and concentrated markets as HHI>0.25. 

2.3 Limitations 

The study data have  imitations. First, despite a rigorous insta  er name c eaning 

process, it is sti    ike y that some insta  ers in the data are dup icates of the same 

company, and that some sing e names represent mu tip e companies. The author 

estimates that insta  er name misc assifications are on the order of tens, representing 

 ess than 1% of insta  er names and a trivia  percentage of the data. Insta  er counts are 

rounded to two significant digits to avoid overstating the precision of these estimates. 

Second, the use of insta  ed system data imp ies that data are on y observed for 

successfu  bids in any given period. Some companies may have been active y 

submitting quotes to prospective customers in certain markets without insta  ing a 

system, and thus are not “active” by our data-driven definition. The use of insta  ed 

systems data rather than quote data is va id for market share ca cu ation but may 

understate the number of active insta  ers. 

3. Results: Residential PV Ma ket St uctu e 

This section summarizes residentia  PV market structure in terms of number of 

insta  ers (Section 3.1) and market concentration (Section 3.2) over time and space. Most 

market structure measurements are based on a nationa  market definition un ess 

otherwise noted.  

3.1 Numbe  of installe s 

About 8,700 different companies insta  ed at  east one residentia  PV system from 2000 

to 2016 in the U.S. markets covered by the TTS data, with about 2,900 insta  ers active in 

2016 (Figure 1). The number of insta  ers grew by about a factor of four from 1,070 in 

2008 to 3,800 in 2015. This period of intense growth corresponds to simi ar growth of 

http://mc.manuscriptcentral.com/pip 
Pursuant to the DOE Public Access Plan, this document represents the authors' peer-reviewed, accepted 

manuscript. The published version of the article is available from the relevant publisher.

http://mc.manuscriptcentral.com/pip
http:HHI>0.25
http:0.15<HHI<0.25
http:HHI<0.15


 

     

 

 

   

 

  

  

 

 

 

 

 

  

  

  

  

   

 

   

   

  

 

 

  

 

  

   

   

   

  

 

  

   

   

  

  

                                                      
         

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Page 5 of 45 PROGRESS IN PHOTOVOLTAICS 

U.S. residentia  PV markets. The number of insta  ers fe   from 2015 to 2016, 

corresponding with a simi ar dec ine in insta  ations in the TTS data. More than ha f of 

the drop is attributab e to the uti ity service territory of Southern Ca ifornia Edison 

(SCE). In 2015, the SCE territory  ed the United States in number of insta  ers, but the 

numbers of insta  ations and active insta  ers in the SCE territory dec ined from 2015 to 

2016. A though this reduction may ref ect an emerging trend, further data are needed to 

verify that the trend does not ref ect under ying data reporting and co  ection issues. A 

simi ar reduction in number of insta  ers a so occurred in other regions of Ca ifornia. 

[Figure 1 about here] 

Figu e 1. Numbe  of installe s, 2000–2016 

About 2,400 of the 8,700 insta  ers on y insta  ed a sing e system, and more than ha f 

(4,700 insta  ers) insta  ed five or fewer systems. Many of these insta  ers were 

companies from re ated service industries such as e ectrica  contracting, roofing, and 

construction that “dabb ed” in the residentia  PV market by insta  ing one or a few 

systems. According to one survey, about 60% of PV insta  ers continue to offer re ated 

services [24]. At the same time, the residentia  PV industry inc udes a growing base of 

specia ized PV insta  ation companies. In 2016, more than 1,400 companies specia ized 

in PV insta  ation, emp oying more than 137,000 peop e [2].1 About one-third of 

residentia  PV insta  ers a so insta  ed at  east one non-residentia  PV system (non-

residentia  inc udes PV systems insta  ed on commercia , government, non-profit, and 

other non-residentia  bui dings). 

The number of active insta  ers in any given period is a function of market entry (new 

insta  ers entering the market), incumbency (insta  ers remaining in the market), and 

exit (insta  ers  eaving the market). For the purposes of this study, market entry is 

measured according to the first year in which an insta  er insta  ed a system. Market exit 

is measured as the  ast year in which an insta  er insta  ed a system. Insta  ers that were 

on y active in a sing e year are counted in both the entry and exit categories for that 

year. Incumbents in a given year are existing insta  ers that did not either enter or exit 

that year. Observations of market exit are necessari y truncated, given that insta  er 

activity is not observed beyond December 2016. For this reason, 2016 data are exc uded 

from Figure 2. From 2000 to 2010, the growth in the number of insta  ers was driven by 

market entry, with a notab e increase in market entry from 2008 to 2010 (Figure 2). 

Market exits genera  y corre ate with entries, in part owing to dabb ers that entered and 

exited in the same year. Entry peaked in 2010. The sustained increase in the number of 

1 
The S lar F undati n’s estimate includes residential and c mmercial-scale installers. 
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insta  ers from 2012 to 2015 is attributab e primari y to incumbency: more insta  ers 

remained active in the market rather than dabb ing and exiting. 

[Figure 2 about here] 

Figu e 2. Ma ket ent y, exit, and incumbency, 2000–2016 

Geographica  y, the number of insta  ers by state corre ates with the state’s market size. 

Ca ifornia—which has the  argest U.S. residentia  PV market by far—had the  argest 

insta  er industry in 2016, with about 2,000 active insta  ers. Among the remaining 

states, Arizona, Massachusetts, New Jersey, and New York a   supported more than 100 

insta  ers, whi e a   remaining states supported fewer than 100 insta  ers (Figure 3). At 

the same time, re ative y sma   markets tend to have more insta  ers per kW insta  ed 

than  arge markets. For instance, about 2,100 insta  ers insta  ed 904,900 kW in 

Ca ifornia in 2016, or about 2 insta  ers per 1,000 kW insta  ed, compared to F orida 

where about 40 insta  ers insta  ed 1,100 kW, or about 36 insta  ers per 1,000 kW 

insta  ed. 

[Figure 3 about here] 

Figu e 3. Numbe  of installe s (logged) by state in 2016, white states  ep esent states 

with no data 

3.2 Ma ket concent ation 

Most residentia  PV insta  ers are re ative y sma  : about 61% of insta  ers insta  ed fewer 

than 10 systems in 2016. At the same time, the industry’s highest-vo ume insta  ers ho d 

disproportionate y high market shares:  ess than 1% of insta  ers insta  ed more than 

1,000 systems in 2016, yet these companies accounted for about 60% of insta  ed 

systems. In other words, the residentia  PV insta  ation industry is somewhat 

concentrated and—as wi   be shown—has become more concentrated over time. 

However throughout the study period the industry c assified as un-concentrated 

according to U.S. Department of Justice guide ines [25]. 

The market shares of the industry’s highest-vo ume insta  ers fe   from 2000 to 2006, 

stabi ized from 2006 to 2010, then increased from 2010 to 2016 (Figure 4). The industry 

grew from  ess than 50 insta  ers in 2000 to more than 700 insta  ers by 2006. As a resu t, 

the market shares of the highest-vo ume insta  ers initia  y fe   from 2000 to 2006 to 

accommodate this  arge-sca e market entry. Beyond 2006, market entry continued yet 

the industry’s highest-vo ume insta  ers stabi ized their market shares, with the 

industry’s 20 highest-vo ume insta  ers ho ding between 34% and 44% market share 
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between 2006 and 2010. From 2010 to 2015, the industry’s 20 highest-vo ume insta  ers 

increased market share from about 32% of insta  ed systems in 2010 to 59% in 2015. This 

increase in market concentration is notab e when contrasted with Figure 1: the 

industry’s highest-vo ume insta  ers increased market share despite ongoing market 

entry. By way of comparison, 2007 U.S. Census data show that the average 20-firm 

concentration ratio among U.S. manufacturing industries was about 67%, about 35% 

among professiona , scientific, and technica  service industries, and about 36% in retai  

trade industries [26].2 It shou d be noted that the highest-vo ume insta  ers change over 

time. Indeed, none of the industry’s 20 highest-vo ume insta  ers in 2000 remained in 

the top 20 in 2010, and on y 7 of the 20 highest-vo ume insta  ers in 2010 remained in the 

top 20 in 2016. 

[Figure 4 about here] 

Figu e 4. Ma ket sha es of highest-volume 10, 20, and 50 installe s, 2000–2016 

Figure 5 p ots market shares from 2008 to 2016 for the five and 10 highest-vo ume 

insta  ers in each state for the eight states with the most insta  ations in the dataset. 

Simi ar to nationa  trends, high-vo ume insta  ers in each state- eve  market genera  y 

increased market shares from 2010 to 2016. 

[Figure 5 about here] 

Figu e 5. Ma ket sha es of la gest 5 and 10 installe s by state, fo  the eight states with 

the most installations in the dataset, 2008–2016 

HHI measurements depict simi ar trends in market concentration (Figure 6). 

Nationwide HHI fe   from 2000 to 2006 as the industry accommodated hundreds of new 

insta  ers. Beginning in 2010, nationwide HHI grew from 0.01 to a peak of 0.13 in 2015, 

before fa  ing to 0.09 in 2016. Consistent with nationa  trends, state- eve  HHIs genera  y 

increased from 2010 to 2015 and dec ined in 2016 (Figure 7). Trends in state- eve  

concentration appear to  ag behind nationa - eve  trends in some states. For instance, in 

Connecticut, HHI fe   from 2010 to 2012 even as HHIs rose in most of the rest of the 

country, before HHI increased in the state from 2012 to 2015. HHIs increased in a   eight 

states in Figure 7 from 2012 to 2015 and decreased from 2015 to 2016 in every state 

except New York. The re ative y dramatic swing in Nevada ref ects state-specific 

market dynamics: severa  high-vo ume insta  ers entered this market around 2013 then 

 eft Nevada in 2016 in response to uti ity rate changes. 

2 
Market shares based  n sales, receipts,  r revenue  f industry’s 20 largest firms. Unf rtunately, the U.S. Census 

d es n t pr vide market c ncentrati n data  n related service industries such as electrical  r r  fing c ntracting. 
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[Figure 6 about here] 

Figu e 6. Residential PV installation indust y HHI, 2000–2016 

[Figure 7 about here] 

Figu e 7. HHI fo  the eight states with the most installations in the dataset, 2008–2016 

Figure 8 p ots HHI over time for the eight  argest  oca  markets. Each  oca  market is 

 abe ed with the  argest city within that market, but  oca  markets may consist of 

mu tip e cities or fractions of a city. Loca  market trends are genera  y consistent with 

nationa - eve  trends. However,  ike state- eve  HHIs,  oca - eve  HHI trends appear to 

 ag behind nationa - eve  trends in severa   oca  markets, notab y again in the market 

around Bristo , Connecticut (CT). HHIs increased from 2012 to 2015 and decreased from 

2015 to 2016 in seven of the eight markets. 

[Figure 8 about here] 

Figu e 8. HHI fo  the eight local ma kets with the most installations in the dataset, 

2008–2016 

One  imitation of HHI measurements is that the metric simu taneous y ca cu ates 

concentration from the number of firms and the distribution of market shares. For 

instance, an HHI of 0.1 may ref ect an industry with 10 firms a   with 10% market 

shares, or it may ref ect an industry with 101 firms where one firm ho ds 30% market 

share and the rest ho d 1% market shares. Lorenz curves are a way to visua  y iso ate 

the effects of the distribution of market shares from the number of competing firms. 

The horizonta  axis ranks firms in terms of market share, with the sma  est firms on the 

 eft and the  argest on the right. The vertica  axis depicts the cumu ative market shares 

of the firms. The 45°  ine of market parity shows how the distribution wou d be shaped 

if a   firms sp it market shares even y. The gap between the  ine of market parity and the 

actua  distribution represents the degree of market concentration. Figure 9 depicts 

Lorenz curves over time for the nationa  residentia  PV market. The Lorenz curves 

suggest that the distribution of market shares became increasing y skewed toward the 

highest-vo ume insta  ers between 2000 and 2010, a trend that is not evident in the 

market share and HHI ana yses. In other words, the PV insta  ation industry became 

 ess concentrated from 2000 to 2010 due to market entry, even as the distribution of 

market shares became increasing y skewed. Consistent with the market share and HHI 

ana yses, the Lorenz curves suggest that the PV insta  ation industry became more 

concentrated between 2010 and 2015 but  ess concentrated from 2015 to 2016. 

[Figure 9 about here] 
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Figu e 9. Residential PV Lo enz cu ves ove  time fo  the national ma ket 

To summarize, the data suggest that the U.S. residentia  PV insta  ation industry has 

gone through four phases of market structure since 2000: 

• 2000–2006: Market concentration fe   as hundreds of new insta  ers entered the 

market. 

• 2006–2010: By 2006, the market shares of the industry’s highest-vo ume insta  ers 

had stabi ized and remained re ative y constant through 2010, even though 

market entry continued. HHI simi ar y remained re ative y stab e from 2006 to 

2010.  

• 2010–2015: The industry became increasing y concentrated between 2010 and 

2015.  

• 2015–2016: The residentia  PV industry became  ess concentrated from 2015 to 

2016.  

The fourth trend (2015-2016) has been observed e sewhere [17], but it is too ear y to 

understand whether the trend wi   continue or whether it is an anoma ous observation 

based on 1 year of data. The third trend (2010-2015) has been attributed to the 

emergence of a ternative customer financing options. This hypothesis is exp ored in the 

fo  owing section. 

4. Role of Custome  Financing in the Evolving PV Ma ket St uctu e 

The U.S. residentia  PV insta  ation industry became more concentrated between 2010 

and 2015. This concentration may be driven by a number of factors, but some have 

proposed that PV market concentration may be associated with the emergence of 

a ternative customer financing options [11, 14-17]. This section descriptive y exp ores 

this hypothesis. 

4.1 Backg ound: Custome  financing options 

For much of the 2000s, residentia  PV customers had to buy PV system hardware to 

adopt PV. The customer ownership mode  entai s a high up-front cost that serves as a 

key barrier to PV adoption for cash-constrained customers. Beginning in earnest in 2008 

due to po icy changes in Ca ifornia, PV insta  ers began to offer a new customer 

financing option known as third-party ownership (TPO). In a TPO arrangement, the 

end-use customer “hosts” a third-party owned PV system and procures PV output 

through a  ease or power purchase agreement. The abi ity to finance PV systems with 

 ow or no upfront costs makes TPO an attractive option for many customers [27-30]. 

Twenty-six states and Washington, DC exp icit y a  ow TPO transactions, 9 states 

http://mc.manuscriptcentral.com/pip 
Pursuant to the DOE Public Access Plan, this document represents the authors' peer-reviewed, accepted 

manuscript. The published version of the article is available from the relevant publisher.

http://mc.manuscriptcentral.com/pip


 

  

   

 

  

 

 

  

 

 

 

 

  

 

  

  

 

  

 

 

 

 

 

   

  

 

  

 

  

  

   

 

 

 

  

 

 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

PROGRESS IN PHOTOVOLTAICS Page 10 of 45 

exp icit y prohibit TPO, and the remainder have ambiguous po icy  anguage [31]. By 

2015, more than ha f of residentia  PV systems insta  ed were TPO, inc uding over 60% 

of systems in Ca ifornia [17]. Fa  ing PV system prices have resu ted in a shift back 

toward customer ownership in recent years [17]. 

TPO system insta  ation exhibits greater returns to sca e than customer-owned system 

insta  ation for two reasons. First, TPO transactions are administrative y comp ex, 

requiring financia  and  ega  services that may exceed the capacity of  ow-vo ume firms 

[32]. Second, TPO products genera  y re y on tax equity whose costs tend to dec ine 

with sca e. The re iance of TPO products on tax equity is an outcome of U.S. PV po icy 

[16]. PV system owners are e igib e for federa  tax credits worth rough y ha f of insta  ed 

system costs; however, few end-use customers or insta  ers have sufficient tax  iabi ities 

to fu  y monetize these credits. As a resu t, insta  ers genera  y se   TPO systems to tax-

equity investors with sufficient tax bases to monetize the tax credits on beha f of the 

end-use customer. Tax-equity investors typica  y require asset portfo ios on the order of 

tens of mi  ions of do  ars [16]. Low-vo ume insta  ers may thus be unab e to access cost-

effective tax equity, whereas high-vo ume insta  ers can aggregate systems at sufficient 

sca e to  everage tax equity and offer more attractive TPO products [16]. As a resu t of 

these economies of sca e, insta  ers of TPO systems tend to be high-vo ume companies 

[11, 14-17]. 

The TTS data i  ustrate how high-vo ume insta  ers have  ed the emergence of the TPO 

mode . In 2016, high-vo ume insta  ers (those insta  ing more than 1,000 systems per 

year) accounted for about 32% of customer-owned systems but 82% of TPO systems. 

Further, on y about 21% of insta  ers insta  ed a TPO system in 2016, a though about 

56% of a   systems were TPO systems. In other words, re ative y few insta  ers insta  ed 

TPO systems despite their popu arity with customers. 

4.2 Analysis: Relationship between ma ket st uctu e and custome  finance 

To the extent that the TPO mode  favors high-vo ume insta  ers, the recent emergence of 

TPO products shou d corre ate with and may contribute to increased market 

concentration. Trends in the data are consistent with this hypothesis. The period of 

increasing market concentration from rough y 2010 to 2015 corresponds with a period 

of increasing TPO penetration into the residentia  PV market (Figure 10). Further, 

increasing market concentration appears to have  agged behind increased TPO 

penetration, suggesting that the emergence of TPO drove concentration, rather than the 

inverse re ationship. Fa  ing market concentration from 2015 to 2016 corresponds with a 

period of fa  ing TPO penetration. 
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[Figure 10 about here] 

Figu e 10. HHI and %TPO, 2000–2016 

Simi ar re ationships between TPO and market concentration are found at the state 

(Figure 11) and  oca  (Figure 12)  eve s. Simi ar to nationa  trends, increasing market 

concentration appears to  ag behind increased TPO penetration by 1 or 2 years in most 

states and  oca  markets. HHI appears to have increased sharp y and 

contemporaneous y with a rapid increase in TPO in the  oca  market around Las Vegas. 

In contrast, HHIs showed re ative y  itt e response to increasing TPO in  oca  markets 

around Jackson, NJ and Poway, CA. 

[Figure 11 about here] 

Figu e 11. HHI and %TPO by state, 2008–2016 

[Figure 12 about here] 

Figu e 12. HHI and %TPO by local ma ket, 2008–2016 

When treated as separate markets, the market for TPO systems is more concentrated 

than the market for customer-owned systems (Figure 13). HHIs for customer-owned 

systems fe   from 2000 to 2010 and have remained re ative y  ow through 2016, with no 

evidence of increasing concentration from 2010 to 2015. In contrast, after an initia  

reduction in HHI from 2004 to 2008, HHIs for TPO systems rose from 2008 through 

2015. In other words, increasing market concentration is on y observed among TPO 

systems. By 2015, the HHI of customer-owned systems was 0.02, whereas the HHI of 

TPO systems was 0.27. Figure 14 provides further descriptive evidence that residentia  

PV market concentration is associated primari y with TPO systems. The figure p ots 

HHIs in states with high TPO penetration (>10%) and  ow TPO penetration (<10%). 

Some states have re ative y  ow or zero TPO penetration due to po icy restrictions on 

e ectricity sa es to retai  customers by non-uti ity companies [31]. Market concentration 

appears to dec ine in both state groups from 2000 to 2010. Beginning around 2010, 

market concentration increases significant y in high-TPO penetration states but 

increases on y margina  y in  ow-TPO penetration states. By 2015, HHI in high-TPO 

penetration states was 0.13, compared to 0.02 in  ow-TPO penetration states. 

[Figure 13 about here] 

Figu e 13. HHI fo  TPO and non-TPO systems 

[Figure 14 about here] 

Figu e 14. HHI fo  states with and without high TPO penet ation levels 
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The data provide descriptive evidence that emergence of TPO contributed to increasing 

residentia  PV market concentration. Other factors may inc ude fa  ing prices as we   as 

mergers and acquisitions. Fa  ing prices can drive market concentration in emerging 

industries, as some firms become un-profitab e as prices fa   and cede market share to 

more efficient firms [33]. Median insta  ed prices for residentia  PV systems dec ined 

from $11.9/W in 2000 to $4.0/W in 2016 [19]. The effects of fa  ing prices on market 

concentration may be an area for future research. Mergers and acquisitions can a so 

drive market concentration, given that the market shares of mu tip e firms are 

combined into the market share of a sing e firm in the event of a merger. By one 

estimate, about 68 mergers and acquisitions occurred in the PV industry in 2016, though 

this estimate may inc ude non-insta  ation firms such as PV manufacturing and 

financia  services firms [34]. 

Some high-cost insta  ers that entered the market during a high-price period may have 

exited the market as prices dec ined. Such high-cost exits u timate y wou d cede market 

share to  ower-cost insta  ers. PV market concentration may therefore ref ect the 

accumu ation of market share among  ow-cost or innovative insta  ers [6, 33]. The 

re ationship between PV prices and market structure is an area for further research. 

5. Discussion and Conclusion 

The U.S. residentia  PV insta  ation industry is evo ving a ongside rapid y growing PV 

markets. In 2000, fewer than 100 companies insta  ed residentia  PV systems in the 

United States. By 2015, more than 3,000 residentia  PV insta  ers were active in the 

United States. The vast majority of these insta  ers are sma    oca  businesses, yet a few 

high-vo ume regiona - and nationa -sca e insta  ers have emerged and possess 

disproportionate y high market share. As a resu t, the industry has become somewhat 

concentrated, with HHI increasing by a factor of ten from 0.013 in 2010 to a peak of 0.13 

in 2015, before fa  ing s ight y to 0.09 in 2016. The data support the hypothesis that the 

recent increase in market concentration is driven primari y by increasing concentration 

for TPO rather than customer-owned systems. 

The objective of this study is to describe trends in residentia  PV market structure rather 

than ana yze the imp ications of those trends. The imp ications of market concentration 

are not unambiguous y positive or negative for the residentia  PV industry. The 

re ationship between concentration and the TPO mode  suggests that PV market 

concentration may have faci itated market growth, given that the TPO mode  resu ted 

in a significant expansion of the residentia  PV market [27, 28]. Further, severa  studies 

indicate that market concentration may generate  ower market prices [9, 11, 14]. At the 

same time, market concentration may a  ow high-vo ume insta  ers to exercise more 
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market power, which cou d resu t in higher prices [35, 36]. Further, high-vo ume 

insta  ers tend to re y on higher-cost customer acquisition methods such as  ead 

purchasing rather than the  ower-cost referra  method genera  y used by sma  -sca e 

 oca  insta  ers [37, 38], so that high  eve s of concentration cou d increase certain 

industry costs. The effects of market structure on market growth and prices are areas of 

future research. 

This study has provided a data-driven description of the rapid y evo ving residentia  

PV insta  ation industry. The imp ications of these trends, particu ar y of increasing 

market concentration, are areas for further research. The evo ution of the PV insta  ation 

industry has shaped and wi   continue to shape residentia  PV markets. An improved 

understanding of the structure of this growing industry wi   inform future PV 

insta  ation industry research and po icymaking. 
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The U. . residential solar photovoltaic (PV) installation industry grew from fewer than 100 firms installing PV 
in 2000 to more than 3,000 firms by 2015 (left pane). More than 8,000 different companies have installed at 

least one residential PV system in the United  tates. The vast majority of these firms are small, local 

companies: about 61% of installation firms installed fewer than 10 systems in 2016. At the same time, 
some high-volume installation companies have grown to hold high market shares (right pane). This research 
article documents these trends in residential PV market structure in the United  tates. A rich dataset of 
nearly one million PV systems is leveraged to describe PV installation market structure and descriptively 

analyze drivers behind increasing market concentration. 
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