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Presentation Outline 

• Introduction 
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• Comparisons of Means 

• Predictors of Low-Priced Systems 

• Conclusions and Policy Recommendations 
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Context and Motivation 

• Though PV prices have declined worldwide, there is considerable 
heterogeneity within the price distribution 

• Given policy interests in stimulating PV price reductions, there is a 
need to understand what drives low-cost PV systems. Specifically: 
– What characteristics are different about low-priced (LP) PV systems? 
– Which factors increase the likelihood of a system being LP?  
– How can these conditions be reproduced to drive down US PV system prices? 

• This research helps identify practices and policies that might reduce 
future PV prices and further stimulate the market 

• Part of a larger series of research projects under Berkeley Lab’s 
Academic Partners Program that leverages large datasets and in-
depth statistical analysis to address open questions about PV price 
and market trends (see Appendix 1 for further details) 
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Primary Underlying Dataset 
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• Draws on Berkeley Lab’s 
Tracking the Sun (TTS) 
dataset of individual PV 
systems 

• Focus on smaller PV systems 
(1-15 kW) installed in 2013 

• TTS dataset includes 51% of 
U.S. grid-connected residential 
and commercial PV in 2013 

• Some states dropped due to 
missing variables 

• Appraised-value third-party 
owned (TPO) systems also 
excluded 

Geographic Distribution of Final Data Sample 

Note: This study focuses on customer-owned PV and, for 
TPO systems, on the sale price between installer and 
financier; it does not examine TPO contract pricing. 

State Sample size (N) Share of total 
sample 

CA 27,564 64.7% 
AZ 4,359 10.2% 
NJ 3,523 8.3% 
MA 2,459 5.8% 
NY 1,619 3.8% 
NM 878 2.1% 
CT 733 1.7% 
OR 600 1.4% 
ME 272 0.6% 
NH 254 0.6% 
NV 178 0.4% 
PA 127 0.3% 
CO 24 0.1% 
FL 16 0.0% 
DE 5 0.0% 

Total 42,611 100% 
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Defining “Low-priced” (LP) Systems 

Four definitions of LP systems: 

• P05: ≤ 5th percentile of prices 

• P10: ≤ 10th percentile of prices 

• P20: ≤ 20th percentile of prices 

• P10 by residuals (P10r): After 
regressing on system size, system 
size2, and sum of module and 
inverter price indices, system is 
LP if residuals are ≤ 10th 
percentile 

Distribution of installed prices for systems installed in 2013  

P10 is the principal definition used within this analysis, with 
other definitions used primarily as robustness checks 

Note: Installed prices ($/W) represent the price paid by 
the owner of the system, prior to receipt of any incentives 
or subsidies.  



PV prices: Definition 
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Included 
PV modules 
Inverter(s) 
Wiring & meters 
Racking / support structures 
Labor 
Permitting and 
administrative costs 
Marketing costs 
Profit / overhead 

Excluded 
Rebates / tax credits / subsidies 
Performance based incentives 
SRECs 
Grid integration costs 
Pollution externalities 

PV prices, as used in this analysis, are the reported transaction 
prices between the PV system owner and the installer 



Distribution of LP Systems Is Uneven 
Among States 
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Figure shows the share of systems in each state from the national P10 group 
Values <10% imply relatively low shares of LP systems (and vice versa)  

States shaded in grey have price data but are missing other key data so are dropped from subsequent analyses. 



Potential Drivers for LP Systems Explored 
Within This Analysis 
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Policies    
  customer value of solar  
  % of incentive SREC-based  
  interconnection score  
Costs   
  module price index 
  inverter price index 

Size   
  system size 
  system size squared  
System Characteristics  
  tracking system  
  building integrated PV  
  new construction  
  battery  
  self-installed  
  microinverter  
  module efficiency  
  China panels  
  thin-film PV  
State and Time Effects  
  by state  
  by year-month  

Competition 
  Herfindahl-Hirschman index (HHI)  
  # of active installers  
  market duration  
Firm   
  installer experience in county  
  installer experience in state  
  market share 
  aggregate experience by county  
  installer scale by county 
  installer scale by state 

Market   
  household density  
  customer segment (res, com, other) 
  third-party owned 

Demographics  
  educational variables  
  household income variables  
  local labor cost  
  % democrat by county  



The Customer Value of Solar (VoS) Variable 
Includes Incentives + Bill Savings from PV 
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Note: Parentheses show geographic variation of 
VoS element, within the modeling 

Customer VoS in Western States • The customer VoS variable 
encompasses all elements 
contributing to the economic value 
of PV to the customer 

• Specifically, it includes: 
– Tax credits (state) 
– Cash rebates and incentives (city) 
– Performance-based incentives and feed-

in tariffs (zip) 
– Solar renewable energy certificates 

payments (zip) 
– Bill savings (zip) 



Substantial Differences Emerge Comparing 
Variables for LP and non-LP Systems 
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Asterisks (*) indicate difference is significant with 95% confidence (t- and z-tests only for P10).  

Comparisons of means for LP systems to mean for non-LP systems 
Bars pointing left (<1) indicate that mean value for LP systems is less than that of non-LP systems 



Regression Model:  
Predictors of LP PV Systems 

LPijst = β0 + β1COMPist + β2FIRMjst + β3MKTist + β4POList + β5SYSTEMist + β6Bi + eijst 
 

Dependent variable 
 LPijst  = binary variable: 1 if LP, 0 if non-LP 
 

Independent variables 

 COMPist    = competition variables: concentration, # of installers 

 FIRMjst     = firm variables: experience, market share, scale 

 MKTist  = market variables: TPO, commercial, HH density, income, educ. 

 POList  = policy variables: value of solar, % SREC, interconnection  

 SYSTEMist  = system characteristics: size, module types, BiPV, battery, micro-inv  

 Bi  = binary variables: state and month 

 i=installation, j=installer firm, s=state, t=month 
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Base specification (Model 1) 
- Logit regression model 
- Competition variable: # of installers 
- Firm characteristics: installer experience, market share 
- PV system specification: exclude variables on module efficiency and whether 

manufactured in China 

Five alternative specifications 
- Model 2: Fitting to probit model 
- Model 3: State dummies dropped 
- Model 4: Add HHI concentration index 
- Model 5: Firm characteristics = installer scale only 
- Model 6: Include variables for module efficiency and manufactured in China 

Other robustness checks 
- Alternative definitions of LP: P05, P20, P10r 

Multiple Model Specifications 

12 



Regression Results:  
Sizes of Significant Effects 
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Notes: Bars refer to Model 1 in Table 1. Circle markers refer to Models 2–6. 
Variables above the red dashed line are ratios; those below are binary.  

• Indicates the change in 
likelihood of a system being 
LP due to one standard 
deviation increase in that 
variable, compared to a 
system with the mean value 
for that variable 

• Figure only includes 
significant variables 

• Full set of regression model 
coefficients included in 
appendix 

Figure shows how increasing individual variables 
changes the likelihood of a system being LP 



Synthesis of Results Across Modeling 
Approaches 
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    Summary 
t-test logit total Interpretation 

    t-test logit total LP more likely with: 
COMP hhi + .+ .+ concentrated (weak) 
  active installers - - - few installers (weak) 
  market duration -       

FIRM experience 
county + + + more experience 

  experience state -       
  market share . - -   

  aggr experience 
county +       

  installer scale 
county -       

  instaler scale 
state - - -   

MARKET HH density - .+ .   
  commercial + + + commercial installs 
  other cust type . . .   
  TPO - - - customer owned 
DEMOG inc $100k zip - .+ .   

  % democrat 
county -       

POLICY value of solar - + + higher customer VoS 

  % incentive 
from SRECs . + + more SRECs 

  interconnect - . .   

    Summary 
t-test logit total Interpretation 

t-test logit total LP more likely with: 

COSTS module price 
index . .- .- lower mod prices 

  inverter price 
index . - - lower inverter prices 

SIZE system size + + + larger systems 

  system size 
squared   - - … with diminishing returns 

SYSTEM tracking -   - not tracking 

CHARAC. BIPV - .- - not BIPV 

  new 
construction - - - existing homes 

  battery -   - not batteries 

  self install + + + self-installs 

  micro inverter - - - string inverter 

  mod efficiency - - - less efficient modules 

  china panel + + + Chinese panels 

  thin film + + + thin films 

STATE vs. CA       LP: AZ, NJ, NM, CT, ME, 
NH 

Positive: + = significant; .+ = not significant 
Negative: − = significant; .− = not significant 



Summary Findings 

Systems are more likely to be LP under the following conditions: 
• Competition: in markets with fewer installers, and somewhat in concentrated markets 

• Firm: installed by firms with more county-level installation experience but with less county-
level market share, or by smaller firms 

• Markets: commercial installations and customer-owned (rather than TPO) installations 

• Policy: high customer VoS (although with caveats) and a higher portion of those incentives 
from SRECs 

• System: larger systems; systems without tracking, BiPV, micro-inverters, or batteries; 
systems installed on existing homes or self-installed; and systems using thin-film, less 
efficient, or made-in-China modules 

• States: After controlling for all of the above, Arizona, Connecticut, New Jersey, New 
Mexico, Maine, and New Hampshire are more likely to have LP systems. Systems in 
Nevada, Colorado, Florida, and Delaware—each of which had fewer than 200 systems in 
the analyzed data sample—are also more likely to be LP. The base state, California has 
about half as many LP systems compared to its overall share of U.S. systems.  
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Interpretation of Findings 

Competition and firm variables:  
• Results consistent with learning by doing (lower prices for more-experienced firms) 
• High proportion of LP by small firms in relatively concentrated markets suggests 

pricing for market entry; reputation and risk 

Market and state variables: 
• Standardized pricing for TPO systems (narrower price distribution) leads to lower 

likelihood of LP systems than among customer owned systems 
• Strong state effects: California much less likely to be LP, consistent with higher 

mean pricing in the state (as other studies have shown) 

System characteristics:  
• Results consistent with expectations related to economies of scale in system 

sizing, and known cost differences among technology and system designs 
• Higher likelihood of LP for existing construction vs. new construction contrasts with 

lower average pricing for new construction (as other studies have shown); may 
reflect standardized pricing for new construction systems  
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Interpreting the Results for the Customer 
VoS Variable 
This analysis found that increasing customer VoS associated with 
higher likelihood of LP 
• Seemingly contrasts with previous studies of mean prices (Gillingham et al. 2014), 

which show higher incentives lead to higher average prices 

Some possible explanations for the (apparent) discrepancy: 
1. More recent data (2013) vs previous studies (2010-12) 

2. Customer VoS picking up effects of some other factor 
– Effect is insignificant once state dummies added 
– Effect is strongest in northern California (with high VoS and relatively high 

%LP); something particular about NorCal? 
3. Customer VoS affects left-tail of price distribution differently than it does the 

mean 
– Subsidies raise prices but also generate some very inexpensive ones 
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Policy Implications and Future Research 

• Today’s LP systems are the mean-priced systems of the future 
• Distinct determinants of LP (vs. mean) systems suggest policy-

makers should look closely at drivers for LP systems 
• Some factors may be amenable to policy intervention while others 

are exogenous 
– For example, our results suggest that solar subsidies might be positively 

influencing the generation of LP systems in some areas (despite potentially 
higher average prices, as other work has shown) 

• Further research needed to refine and extend findings on LP drivers 
– Expand data sample: systems without incentives, more-recent systems 
– Expand/refine explanatory variables: e.g., roof characteristics, measures of 

system quality, more-specific data on location and installer characteristics 
– Extend analysis to evaluate TPO contract pricing and to evaluate trends and 

drivers for price dispersion 
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For more information… 

Download the full report, fact-sheet, and this briefing: 
http://emp.lbl.gov/publications/ 
 
Contact the authors: 
Gregory Nemet  nemet@wisc.edu  
Eric O’Shaughnessy eric.oshaughnessy@nrel.gov 
Ryan Wiser   rhwiser@lbl.gov  
Naïm Darghouth ndarghouth@lbl.gov  
Galen Barbose  glbarbose@lbl.gov  
Kenneth Gillingham kenneth.gillingham@yale.edu  
Varun Rai  varun.rai@mail.utexas.edu 
 
 

Thanks to the U.S. DOE’s Solar Energy Technologies Office (SunShot 
Initiative) for their support of this work 
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APPENDIX 1 
Berkeley Lab’s Academic Partners Program 
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Data Analytics / Academic Partners 
Program: Overview 

Multiple research efforts over last three years (see following slides), 
more to come over the next three years, focused on understanding 
pricing and market trends and heterogeneity in the United States 
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Kenneth Gillingham, Yale University CG Dong, UT Austin (NREL)  

Greg Nemet, Univ. of  Wisconsin Eric O’Shaugnessy, Univ. of  Wisconsin (NREL) 

Varun Rai, UT Austin Ryan Wiser, Berkeley Lab 

Hao Deng, Yale University Galen Barbose, Berkeley Lab 

Jesse Burkhardt, Yale University  Naim Darghouth, Berkeley Lab 
Collaborate with NREL 
staff where appropriate, 
depending on project 

OBJECTIVE: Leverage large datasets and academic partners to conduct 
in-depth, innovative, rigorous and impactful statistical analysis that 
addresses open questions about PV price and market trends. 



Academic Partners Program:  
Impact of Permitting and Local Regulations 
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Typical (5-kW) 
residential PV system 
price in study dataset, 

2011–2012:
$6/W ($30,000)

System price difference 
between jurisdictions 
with most-onerous & 
most-favorable local 
permitting processes 

(Vote Solar data): 
$0.18/W ($900)

System price difference 
between jurisdictions 
with most-onerous & 

most-favorable 
regulatory & financing 
processes (RSC data):

$0.64–$0.93/W 
($3,200–$4,700)

Hardware
costs

Soft
costs

Study Results

OBJECTIVE: Assessed impact of permitting (Vote Solar scores) and local 
regulations (RSC scores) on PV prices, with two distinct research 
efforts, highlighting magnitude of cost reduction that might be 
expected from streamlining regulatory regimes 
PROJECT LEAD: Yale University; University of Texas, Austin 
 

See https://emp.lbl.gov/publications/exploring-impact-permitting-and-local  
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Academic Partners Program:  
Incentive Pass-Through  
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OBJECTIVE: Assessed degree 
of incentive pass-through 
historically in California 
residential PV market 
 
KEY FINDING:  High (nearly 
100%) incentive pass-through 
to customers under CSI 
 
PROJECT LEAD: University of 
Texas, Austin 

See https://emp.lbl.gov/publications/incentive-pass-through-residential  
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Academic Partners Program: 
Understanding Pricing Heterogeneity 
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OBJECTIVE: Quantified diversity of 
drivers for differences in residential 
PV prices across projects: system 
characteristics, value-based pricing, 
market competition, installer 
experience, etc. 
 

KEY FINDING: Figure shows the price 
reduction associated with moving 
between the 5th and 95th percentile 
values of each variable  
 

PROJECT LEAD: Yale University 
 

See https://emp.lbl.gov/publications/deconstructing-solar-photovoltaic  
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APPENDIX 2 
Additional Slides 
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Variation in Customer VoS by County Compared 
to Variation in Percent of Systems that are LP 
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Value of solar in dollars per watt (left) and percent of systems that are LP (right), by county 
for California, Arizona, New Mexico, and Nevada.  



Distribution of LP Systems by State 
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Percentage of Customer-Owned and TPO 
Systems That Are LP by State 
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Includes only states with TPO systems constituting greater than 10% of 
all systems in data sample, in 2013 



Ratio of Variable Mean Value for LP Systems to 
Mean for Other Systems 
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Orange bars for TPO systems, yellow bars for customer owned. Asterisks indicate 
difference is significant with 95% confidence.  



Regression Results (1) 
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Coefficient estimates 
from logit regressions 
of Y = P10 on Xs for 
2013 installations.  



Regression Results (2) 
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Coefficient estimates 
from logit regressions 
of Y = P10 on Xs for 
2013 installations.  



Comparisons of Coefficients Across Models 
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Each chart compares 
coefficient value for a 
given variable across 
model specifications 
 
X-axis is the model 
number 
 
Fuchsia color 
indicates variable is 
significant at a level 
of at least p <0.05 (or 
better; see previous 
tables for more detail 
on significance level) 
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