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Why did I choose photovoltaic industry in California,  
Germany and Japan? 

 Among clean energy technologies, PV is the one that shows a wide 
spectrum of innovation paths.  

 PV shows good opportunities for cost reduction thanks to learning 
curve effects. 

 PV is good even without direct irradiation, for on-grid or off-grid 
applications, for distributed generation systems, and it is scalable. 

 California, Germany and Japan are the first to invent, develop and 
deploy PV technology and their national PV companies are among the 
leaders of the photovoltaic market. 

 

 Motivation 
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Relatore
Note di presentazione
From 1990 to 2002 Government RD&D in solar energy in Japan $66 million, higher than Germany $40 million, lower than US $77 million.

From 1974 to 2007 Cal, Ger and Japan accounted for more than 70% of IEA Gov RD&D funding to RES.




 Outline 
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• Who triggered the PV market growth? 
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performances  
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Objectives and methodologies 

 This thesis aims to investigate the policy drivers to technological 
change and the good performance of the domestic PV companies  

  These policy drivers are of two types:  
 technology-push (a) & 
 market or demand-pull (b) 

 I proceeded by investigating the performance of analyzed countries’ 
PV enterprises and its correlation with national and international 
technology-push and market- demand-pull policies. 

 I joint assessed different action of policymakers and the relation 
between energy and technology policies and their good or 
mismatching with the success and failures of the domestic PV 
industry (Q-Cells, First Solar, SunPower, Suntech, Sharp). 
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a) Technology-push policy 

• Stimulates technological innovation and private investments 
 
• It is addressed to research institutions and the supply side: PV 

manufacturers 
 
• It is made of direct and indirect policies: 
 

 Direct policies are: RD&D funding to universities, research centers, 
national research laboratories, and private companies (PPPs). 

 Indirect policies are: RD&D tax credits; demonstration projects, public 
procurement, patent protection. 
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Relatore
Note di presentazione
A synergy of market pull and technology push is needed. 
Although the results show a strong positive correlation between industrial policy (tech-puch) and the success of PV manufacturers in the long run. 
Energy policy show a lower correlation with the success of PV companies and is generally short-term. 
Incentives for energy demand are aimed at promoting the diffusion of already developed technology, but are not able to address the evolutionary path of new technological systems that need instead a longer-term perspective by R&D programs. 
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The PV technology S-curve 
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Relatore
Note di presentazione
The shape of a S-curve, that shows technology adoption over time, does not apply conventionally to PV technologies. 
PV firms can overcome barriers to technology’s performance improvement or stretch the S-curve of a specific technology via new development approaches, in terms of better power conversion efficiency or by changing the design of solar cells and panels. 

Industry analysis generally suggests an S-curve approach to technology adoption over time: starting slowly, then rapid uptake, then declining use toward obsolescence (Junginger 2006).

In general, there are two main approaches to development stage analysis, production-based and market-based. Production-based analysis often uses a 6-stage model (e.g., invention, RD&D, niche market, pervasive diffusion, saturation, and senescence). The well-known market-based approach generally has a 5-stage model (innovators, early adopters, middle market, laggards, termination).
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PV cells’ best efficiency in labs 

6 Source: NREL 2013 
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PV modules’ learning curve (1) 
 
• The learning curve is an important tool for modeling technical 

change, informing policy decisions related to energy 
technology, and guiding firm strategy. 

• PV modules have a learning rate of 22%, implying that costs 
will decline by more than a fifth with every doubling of 
cumulative capacity (IRENA 2013).  

• To reduce costs important drivers, other than cumulative 
capacity, are: 
 Expected future demand 
 Knowledge spillovers from other sectors 
 RD&D 
 Growing investments 
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PV modules’ learning curve (2) 

8 Source: IRENA 2013 
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b) Market- or demand-pull policy  

• Creates market conditions that are attractive for the 
exploitation of PV technologies. 

 
• Is addressed to the demand side: renewable electricity 

producers and consumers: 
 
 Renewable Portfolio Standards: Quota system  
 Feed-in Tariffs: Incentives to solar generation 
 Renewable Auction Mechanism: Reverse auction 
 Net Metering Systems: Incentives to solar generation  
 Roof Programs: Rebates covering up-front costs for distributed 

generation 
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Feed-in Tariffs (FiTs) 

FiT laws introduce the obligation on utilities to buy renewable electricity 
from RE producers at a fixed price.  

 Pros: 1. they ensure predictable revenues and a stable investment  
  environment. 

  2. they ensure non-discriminatory access to the grids. 
  3. they can be targeted to specific technologies.  
 Cons: 1. the overall cost may be high, and there is no incentive for  

   cost reduction. 
  2. the cost is passed on through the electricity bills to the  
   consumers. 
 In markets where FiT policies were introduced as reliable and 

predictable market mechanisms, they have proven to develop a 
sustainable PV industry (Germany). In markets where the price 
of electricity is high FiT has not proven to be a very popular 
policy tool (Japan, California). 
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Renewable Portfolio Standards (RPS) 
 
It is a command-and-control regulation that places an obligation on 
utilities to include a fixed amount of RE in their portfolios (as a 
share of their retail sale). 
 Unlike FiTs that guarantee purchase of a specific type of RE 
regardless of cost (the price is fixed), RPS programs are not 
targeted to a specific RE technology, thus favoring mature 
technologies.  
 RPS tend to allow more price competition among RE suppliers 
and final lower costs.  
 RPS is a common policy instrument in the US where it applies in 29 

States. If the quota is not reached utilities will purchase tradable 
green certificates on the RE electricity market. 
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Who triggered the PV market growth? 

 
 Japan in the 1990s: thanks to the New Sunshine 
Program of 1993 and huge private R&DD investments 
since mid 1990s. Mainly an export PV market and niche 
residential PV market in Japan triggered by residential 
subsidy programs. 

 
 Germany in the beginning of 2000s: thanks to the 
Renewable Energy Sources Act of 2000 and its following 
amendments (Feed-in Tariffs).  
 
 California since mid-2000s: thanks to the Renewable 
Portfolio Standard and the California Solar Initiative.  
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Who triggered the PV market growth? (continues) 
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Source: Jacobsson et al., 2004 

Relatore
Note di presentazione
(1978) First Procurement program: Federal PV Utilization Act: the first solar commercialization effort in the US
(1978) Public Utilities Regulatory Policies Act - PURPA: federal level FIT
(2006) Solar America Initiative: for lowering cost of PV to reach grid parity
(2006) ITC



The reasons for Californian success 

California receives the largest amount of federal and 
 private funding to academic R&D 
 Strong University-Industry cooperation (2003-2008 
 California received 13% of total industry funding) 
 Top public and private technical universities 
 (UCBerkeley, Caltech, Stanford) 
 State Laboratories & NREL’s PV Incubator Program (3 out of 
 4 awardees are Californian start-up companies) 
 Business angels & venture capitalists 
 Stringent RPS targets for all RE: 33% in 2020 (state level) 
 California Solar Initiative: state rebate program (2006) 
 Renewable Auction Mechanisms (2010-2012) (utility level)  
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Relatore
Note di presentazione
(2002) RPS targets: 20% by 2010 (reached only 18% in 2010, and 20% in 2012), and 33% by 2020. New intermediate targets are 20% by 2013 – reached!, and 25% by December 31, 2016! End 2009 0.4% final energy consumption from solar.
(2006-2016) Residential Renewable Energy Tax Credit  & Business Energy Investment Tax Credits: available for solar systems placed in service on or before December 31, 2016. The credit is equal to 30% of expenditures, with no maximum credit. Eligible solar energy property includes equipment that uses solar energy to generate electricity, to heat or cool.
(2007-2016) CSI - Pays solar consumers an incentive based on system performance. The CSI program is funded by electric ratepayers. The CSI program has a goal to install 1,750 megawatts (MW) by 2016 of new solar generation capacity. 
(2008) Emergency - Stabilization Act & (2009) ARRA
(2010) RAM - is designed for distributed generation projects between 3 MW and 20 MW in capacity while ensuring the lowest costs for ratepayers. The RAM is a reverse auction which will occur twice annually for each of the three investor-owned utilities in the state. Each utility is responsible for procuring their proportionate share of the 1,299 MW total based on their relative electricity sales (RAM is expected to result in 1,299 megawatts (MW) of new distributed generation over the course of two years). Each of the proportions will be subdivided equally across the four auctions to be held by each utility. Each bid will be screened by the utility for viability and then selected based on price, starting with the least cost project, until the utility reaches their MW limit for that auction. Winning bids will be given a standard contract from the utility. The CPUC can then approve executed contracts through a Tier 2 advice letter.  The third RAM auction closed on December 21, 2012. 
(2012) CPUC adopted changes to the statewide feed-in tariff (FIT) program. Among other changes, the Decision increased the system capacity limit for the FIT to 3 MW, and provided a pricing mechanism derived from the contract prices awarded to participants in the RAM program. To prevent gaming between the two programs, the Decision stipulated that systems with a nameplate rating of 3 MW or smaller are prohibited from participating in the RAM program, and may only participate in the FIT.





Top US Clean Energy Patent Assignees Universities (2002-2010) 

Pictures: National geographic and abc.net 

15 Source: Clean Energy Patent Growth Index, 2010 

Relatore
Note di presentazione
3 top US clean energy patent assignees universities are from California.




PV patents granted for public R&D investments in the US 
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Source: Nemet, Kammen, 2007 

Relatore
Note di presentazione
Patents granted as a proxy for the intensity of inventive activity. 
Strong correlation between technology policy, through public investments to R&D, and patents granted.




 
California Solar Initiative’s installed applications (2006-2010) 

      www.CaliforniasolarStatistics.ca.gov Bleu: residential installations 
Yellow: non-residential installations 
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Relatore
Note di presentazione
It is a state rebate program to reward consumers for installing solar energy systems. Senate Bill1 is one of the most effective piece of legislation adopted in Cali for the fostering of a robust PV industry.
As of 30 October 2013 it has enhanced the installation of 1,600 MW of solar power.
The aim of the policy maker was that of making the existing solar energy market close to grid parity by reducing the cost of solar with the aim of eliminating the need for incentive payments after 2016: to prepare the shift to a self-sustaining solar market.  The CSI RDD&D Program has a budget of $50 million in the form of grants to RD&D projects, running through 2016;
CPUC regulates the program and all utilities, both private and public owned, are required to establish programs supporting CSI.



The reasons for German success 

 Successful policy framework: Renewable Energy Sources 
Act (EEG) 

 High private and public RD&D investments 
 Favorable political environment  
 Industry-academia-government cooperation 
 National research centers (e.g. Frauenhofer-ISE Institute) 
 Skilled labour & developed universities’ network (240 university 

degrees with a focus on PV) 
 Green jobs: the German PV industry currently employs 100 

thousand people 
 Highly developed supply industries and most innovative 

industrial PV cluster. 
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Relatore
Note di presentazione
ENI AWARD 2008 in Science and Technology category for super efficient Thin Film solar cells.



R&D Expenditure in PV Projects (1974-2008) 
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Source: BMU, 2008 

(ZIP: Solar Thermal, geothermal, off shore wind, fuel cells, biomass projects) 

Relatore
Note di presentazione
1990: half a billion euros: Diversion of funds from nuclear energy to PV, due to commercialization of 1st and 2nd nuclear generation.
2000 nuclear opt out



Electricity Generation from RES since FiT law introduction 
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Source: BMU, 2009 StrEG: Electricity Feed Act (same tariff for PV and wind energy) 
BauGB: Construction Code 
EEG: Renewable Energy Sources Act: (technology-specific tariff) 

Relatore
Note di presentazione
The EEG guarantees owners of PV installations a fixed feed-in tariff for 20 years subject to type and size of system. 
A remuneration of 0.5 €/Kwh with a degression rate of 5% from 2001, 8% from 2006, 9% from 2011, and due to sliding scale (EEG 2009) 15% from 2012 (added new installed capacity in 2011 was 5,200 MW). 
The StrEG did not guarantee for long life time of the equipment and the remuneration was too low to stimulate expansive PV technology. Good for wind turbines. 
In 2008 almost 25% of the overall EEG feed-in tariff was appropriated by solar electricity, that accounted for 0.8% of German’s final ele consumption (equal to 4,000 GWh PV vs Wind 40,000 GWh).
Sliding scale EEG 2009: If the growth of PV market is stronger than a PV growth corridor (15% growth annually), then the degression rate would increase a percentage point.
It helped diminishing the burden of FIT on consumers and followed the PV learning-curve. The cap was not present and utility scale projects (more than 1 MW) were remunerated.

According to Section 1 para. 2 EEG 2012, renewable energy shall account for 35% of the electricity production by 2020, for 50% by 2030, for 65% by 2040 and for 80% by 2050.
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The reasons for Japanese success 
 
 Public RD&D (2 Sunshine Programs 1974 and 1993)  
 Inducing vigorous industry investment in PV RD&D 
 Inter-firm cooperation (PVTEC consortium) and cross-

sectoral technology spillovers 
 Engineering departments and university cooperation 
 Flourishing IP activities  
 The role of Ministry of Economy, Trade and Industry (METI): 

until 1980’s protection policy in favor of domestic industry 
 Residential PV program (1994)   
 FiT increased residential PV power generation (80% 

residential vs. 20% non-residential - opposite than US & EU) 
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Relatore
Note di presentazione
(1974 & 1993) Sunshine programs. 
(1992) Voluntary Net Metering Program
(1994) Residential PV Programs 
(2003) RPS
(January 2009) Mandated Buyback Program
(November 2009) Residential surplus electricity purchase system (less than 10 Kw for 10 years) - or FIT (more than 10 Kw for 20 years)

Surplus electricity purchase system: Solar PV power generation using systems for residences. The price for solar PV power generation of less than 10 kW is seemingly the same as that for solar PV power generation of 10 kW or more. However, considering the subsidy of 35,000 yen per kW (FY2012) granted for power generation using systems for residences, the price will be 48 yen in effect.

Roof-lending business (only such business with a total power output of 10 kW or more): (1) Each residence must have wiring for supplying the electricity directly to the electric utility. (2) The roof-lending contract document must be attached.
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Trends in PV R&D expenditures (1974-1995)* 
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*At 1985 fixed prices  Source: Watanabe et al, 2000 

Relatore
Note di presentazione
1973 First Oil Crisis and First Sunshine Program
1979 Second oil crisis and new funding (Special Account for Alternative Energy Development)
1980 Spike in R&D private investment
1993 New Sunshine Program and new spike in private R&D investment
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Trend of solar cells production in Japan (1976-2005) 
 

  
 

 
 

23 Source: Kimura, Suzuki, 2006 

Relatore
Note di presentazione
The Residential PV System Dissemination Program spurred rapid growth of PV industry in Japan. 
Despite the withdrawal of the earlier support subsidy in 2005, the larger PV sector in Japan is still a residential PV system (80% of installed capacity in Japan). High income Japanese consumers opt for PV due to reasons of environmental concerns and are indifferent to the PV installation costs.
in 2009, under the new subsidy framework for residential and business installations, METI strongly subsidized residential systems of up to 10 KW, providing $774/kW. 
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Top Solar Energy Patent Assignees at USPTO (2002-2010) 

  
 

 
 

24 Source: Clean Energy Patent Growth Index, 2010  

Relatore
Note di presentazione
4 Japanese companies (Canon, Sharp – 126 PV patents, Kanegafushi, Sanyo)
5 US companies (SunPower - 120 PV patents)
1 US inventor

As depicted below, Canon continues to lead the other solar patent owners since 2002. Applied Materials in eighth place overall as depicted took the 2010 solar crown over Sunpower by three patents. Du Pont and Emcore tied for third with ten patents while Konarka and Sharp tied with nine. Another tie existed in seventh place with Boeing, Sanyo and Solopower at six patents. Twin Creeks tied with Fu Zhun Precision Industry and Foxconn to round out the top ten in solar energy patents in 2010. Forty five other entities had at least two solar patents in 2010 including Honda, Canon, Miasole, Mario Rabinowitz, GM, and GE.
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Patent Protection vs. Trade Secret 

25 

• The stronger the patent protection, the weaker the incentives 
for diffusion because of fear of spill-over effects.  
• European and US companies tend to favor trade secret to 
patent protection.  
• Japan tend to favor patent protection and it is the top patent 
applicant at EPO and at USPTO (2002-2010). Japanese patent 
law is designed to encourage industrial dissemination and small 
incremental modifications are patented generally.  
• Frauenhofer is at 5th place worldwide for nr. of PV patents in 
2010.  
• SunPower is the US PV company with more PV patents in 
2010.  
• Many of the top ten PV manufactures are not patent holders. 
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Linear or non linear innovation?  
 
 

 “Everyone knows that the linear model of innovation is 
dead”, claimed Rosenberg (Rosenberg 1994).  

 
 Mowery and Rosenberg believe that demand-pull and 

technology-push must exist simultaneously (Mowery and 
Rosenberg, 1979), they are not substitutes, but they are 
complementary. 

 Also, incremental and non-incremental innovations are 
not two unrelated entities, but they need to be developed 
along the entire innovation chain. 
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The impact of technology and energy 
policies on PV companies’ performances 
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Top ten global PV manufacturers (2009) 
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Source: EurObserv’ER, 2010 

Relatore
Note di presentazione
Suntech: the first Chinese company to open in US. Acquisition of a US company: Wholly owned company Suntech Energy Solutions. R&D in the US.
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R&D as percentage of revenue (2002-2009) 
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R&D intensity is taken as a proxy for good indirect and direct  
technology-push measures and for patent creation. 

Relatore
Note di presentazione
First Solar: founded in 1999 and started production in 2002. This year was characterized by very high R&D intensity and limited net sales. Nagative EBITDA margins
Sunpower: founded in 1985. In 2003 and 2004 high R&D intensity and poor net sales. Negative EBIDTA margins
Suntech: founded in 2001, started production in 2003. In 2008 acquired US company El Solutions. In 2010 opened the first Chinese company in the US.
Q-Cells: founded in 1999 and started production in 2001
Sharp Solar: founded in 1959
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R&D in-house expenditures (2002-2009)  
 
 

 

Higher R&D expenditures are associated with lower average expected costs,  
and are a proxy for higher competiveness of PV companies. 
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Annual PV installed capacity in MWp (2000-2009) 
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* In Germany in the period from 1991 to 1999 the cumulated PV installed capacity was 57 MW. 
** From 1981 to 1998, California had a total of 6,263 kW of cumulated installed capacity. 
*** The figure includes MW installed in California that are almost half of total US installation. 

PV installed capacity is a proxy for good national energy 
policies. 

Relatore
Note di presentazione
Two assumptions: 1. the quantity of MW installed in a specific country is the result of national market policy instruments and financial incentives for the installation of PV panels. 2. market-pull policies have an impact on the performance of national companies, in terms of production rate, and also on the performance of companies other than national companies.
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Share of cumulative PV installed capacity (end 2009) 

Relatore
Note di presentazione
Germany is the champion of PV installation, followed by Japan, and only at third position is California. 
Although Germany, Japan and California have historically made the most of the world’s installed capacity, this pattern changed between 2001 and 2009. If in 2001 they accounted for 85% of total installed capacity, this percentage changed radically and in the end of 2009 the three countries accounted for 60% of the total world cumulative installed capacity.
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Q-Cells 

Suntech 

SunPower 

First Solar 

Geographical sales distribution is a proxy for good energy 
policies that have an impact both on national and foreign PV 
companies’ performance in terms of production rate. 
 

Relatore
Note di presentazione
Germany is a net importer of solar panels
Japan is a net exporter (in 2009 only a half of PV panels produced by Japan manufacturers were installed domestically): Japanese PV industry performance was driven by technology and industrial policies more than energy policies.
California: historically a net exporter of solar panels, although from 2008 the trend is changing thanks to favorable energy policies.
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Policy results 

 
1) Main drivers to PV growth  
 
 Trade benefits (Japan) 
 Domestic solar use (Germany)  
 Green jobs creation (Germany, California)  
 GHG emissions concerns (California, Germany, Japan) 
 IP creation (California, Japan) 
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Policy results (continues) 

2) Some observed trends 
 
 Countries with market-oriented culture adopt RPS 

programs that allow for price competition (California).  
 Countries with poor domestic fossil fuel resources, or 

opting out from nuclear energy, are strong promoter for 
solar RD&D and adopt technology-push measures 
(Japan, California). 

 Countries more concerned about GHG emissions tend 
to encourage the installation of more solar power 
through market-pull measures like FiTs (Germany).  
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Policy results (final) 

3) Final policy results 
 Strong positive correlation between technology policies and 

successful performance of PV enterprises in the long term.  
Measures designed to overcome typical barriers in intensive 

R&D sectors are critical in determining structural competitive 
advantages in a time frame consistent with the life cycle of 
technology. 

 Short-term correlation of market-pull policies with the 
business success of PV enterprises. 
Measures aimed at promoting the diffusion of technology can 

help enhance the benefits of PV enterprises but are not 
sufficient in addressing the evolutionary path of new 
technological systems and in this way in guaranteeing a long-
term business success. 
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 Conclusions 

1. A synergy between long-term RD&D policy and 
progressively decreasing economic support schemes is 
the key to self-sustained growth of PV industry. 

2. Policy stability avoiding retroactive measures to support 
schemes is fundamental for triggering PV industry growth. 

3.   PV energy positive externality (avoid cost of pollution)  
  should be internalized in order to make PV costs closer 
  to grid parity and counteract subsidies.  
4. Fossil fuels’ negative externality should be priced and  

 subsidies to fossil fuels should be reshaped. 
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