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Organized and Developed through a Partnership 

between the CPV Consortium and  

Solar Power International  

Developed to Educate on Concentrator Photovoltaics 

including the Technology, In-Field Experience/Results, 

Analytical Analysis, Modeling, and Future Roadmap 



The CPV Consortium  
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A Global Industry Group Supporting the Development 

and Optimizing the Long-term Success of CPV to Meet 

the Market Need for Low-Cost, Reliable Solar Energy  

 



CPV Consortium Commitment  
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The Consortium strives to ensure that 

there is:  

}A coordinated infrastructure to support rapid 

market growth and technology deployment 

}A single industry voice in addressing energy 

issues and standards 

}A set of standards for safety of the systems, 

installations and adherence to green deployment 

practices 

}Accurate knowledge of CPV technology and 

deployment available to audiences globally 

 



Membership Across Industry  
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Manufacturing 

Equipment  

Materials  

Developers/  
EPCs 

Power 

Generators 

Module 

Suppliers 

Cell Suppliers 
Research 

Organizations & 
Universities  

Tracker 

Suppliers 

http://www.veeco.com/
http://www.3m.com/
http://www.axt.com/
http://www.fraunhofer.de/EN/
http://www.emcore.com/
http://www.azurspace.com/
http://www.cyriumtechnologies.com/


Workshop Goals  
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}Achieve a Strong Understanding of the Technology 

including Features and Benefits 

}Be Able to Evaluate where and how CPV Systems 

bring Advantages 

}Gain Perspective on Field Experiences with CPV 

Deployment and Performance 

}Understand how to due Analytical Analysis of CPV 

Projects 

}See the Industry Review on Cost and Efficiency 

Roadmap for CPV 

 



CPV Workshop Agenda  

7 

10:15 CPV Power Plant Case Studies 

Q&A  

Geoff Kinsey,  Amonix 

Nancy Hartsoch, SolFocus  

Hansjörg Lerchenmüller, Soitec 

Vicente Diaz, Isofotón  

12:00 Lunch  

8:00 Registration and Welcome Coffee  

8:30 Welcome and Introduction to Workshop Nancy Hartsoch 
Chairman, CPV Consortium 

Session 1:  CPV Technology and Market  

8:45 Technology Overview 

Q&A 

Hansjörg Lerchenmüller 
Vice Chairman, CPVC 

9:30 The PV/CPV Market 

Q&A 

Paula Mints 
Navigant Research 

10:15 Break 

Session 2:  CPV Deployment  

10:30 CPV Power Plant Case Studies Geoff Kinsley, Amonix 

Nancy Hartsoch, SolFocus 

Hansjörg Lerchenmüller,  Soitec 

Vicente Diaz, Isofoton 

12:00 Lunch 
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10:15 CPV Power Plant Case Studies 

Q&A  

Geoff Kinsey,  Amonix 

Nancy Hartsoch, SolFocus  

Hansjörg Lerchenmüller, Soitec 

Vicente Diaz, Isofotón  

12:00 Lunch  

Session 3:  CPV Analytics  

1:15 Energy Modeling and Rating Systems 

Q&A 

Dr. Jane Melia 
CPVC 

Session 4:  Whatõs on the Horizon for CPV 

2:15 CPV ð Industry Forecast Brett Prior 
GTM Research 

Roadmap for CPV Technology 

Q&A 

3:15 Break 

3:35 Scalability of CPV - Presentation 

Panel Discussion 

Ben Depuydt,  CPVC 

Russ Jones, CPVC Cell Suppliers 

Eelco Bergman, CPV Cell Suppliers 

Nancy Hartsoch, System Suppliers 

Moderator: Brett Prior  

4:35 CPV and Sustainability 

Closing Comments 

Nancy Hartsoch 
Chairman, CPV Consortium 
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CPV Technology  

Hansjörg  Lerchenmüller    

Vice Chairman, CPV Consortium  



}CPV Versus PV 

}Concentration Fundamentals 

}Cells 

}Optics 

}Tracking 

}Solar Resource ð DNI 

}Energy Generation 

}In Summary 

 

 

 

Agenda  
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Three Key PV Technologies  
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Front 
Solar cell 

Back 

1. Silicon  

CPV:  

Cost Reduce by Minimizing 

Amount of Semiconductor 

Material Using High 

Efficiency Cells  

2.  Thin Film  

3.  Concentrator (CPV)  



Concentrator Fundamentals  

Why Concentrate?  
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Multi -junction Cells  

Highly Efficient:  ~40% in production;  ~42+% in lab 

}Three (today) coupled cells, each tuned to a different part of the 
solar spectrum 

}Theoretical max efficiencies in low 70% 

(+) 

(-) 

GaInP2 

GaAs 

Ge 



}New Innovations in High Efficiency Cells  

}45% Cells in Next Few Years Probable 

}50% Cells Achievable in Futureé.or More 

Concentrator Fundamentals  

Why Concentrate?  

Multi -junction Cells  

Highly Efficient:  ~40% in production;  ~42+% in lab 



Concentrator Fundamentals  

Why Concentrate?  
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Multi -junction Cells  

Highly Efficient:  ~40% in production;  ~42+% in lab 

Cruciallyé 

 Multi-Junction Cells Maintain Efficiency at 
Very High Flux Levels 

Soé. 

Use Inexpensive Optics to Drive Them 

Net Result:  High Efficiency, Low Cost  



Concentrator Fundamentals  

About the Optical Systems  
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Refractive Using Lenses 

Two Primary Approaches to Optics 

Reflective Using Mirrors 



}Optical Systems are Similar to Telescopes 

}They have a Restricted Field of View, 

  or Acceptance Angle 

 

As a Resulté. 

}Concentrators must Track the Sun 

}Concentrators only òSeeó the DIRECT 

Radiation 

}Concentrators are best used in Clear 

Atmospherics 

 

Concentrator Fundamentals  

The Tradeoff of Concentration  
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}HCPV Systems Must Track Sun on Two Axis 

}Dual Axis Tracking Allows Higher Capture of Sunlight , 

Higher Energy Production 

}Dual Axis Tracking Provides Most òHigh Valueó Energy 
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Concentrator Fundamentals  

Tracking the Sun  
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Concentrator Fundamentals  

Basics on Solar Resource  
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Concentrator Fundamentals  

High Efficiency Systems  

Efficiency Comparison of Solar Technologies  

ÁCPV provides Very High Efficiency 

ÁLess Equipment to Manufacture, Install and Maintain 

ÁSteep Trajectory of Increasing Efficiency 

ÁConversion Efficiency Biggest Driver of Lower Cost Energy 
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Concentrator Fundamentals  

Temperature Impacts  
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-0.5%

-0.4%

-0.3%

-0.2%

-0.1%

0.0%

0.1%

SolFocus CPV Thin Film A Thin Film B Mono-C Si Poly-C Si

% Power Loss per Degree Celsius 

CPV 



}CPV Versus PV 

}Concentration Fundamentals 

}Cells 

}Optics 

}Tracking 

}Solar Resource ð DNI 

}Energy Generation 

}In Summary 
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CPV Reference System  

Sevilla, Spain 10/30/08  

07:00 - 17:00 UTC  
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Concentrator Fundamentals  

Plant Output P roportional  to DNI  
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Concentrator Fundamentals  

Plant Output P roportional  to DNI  

200kW Power Plant in 

Puertollano, Spain  



Concentrator Fundamentals  

Competitive Geography Defined by DNI  
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Concentrator Fundamentals  

Sources to Gather DNI  
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(kWh /m²a)  DNI  

NASA 2559 

NREL 2726 

Solar Prospector 2723 

The average value is  

2669 kWh/m²a DNI 

Mojave, CA, Kern County 

Coordinates: 35Áxxóyy"N 118Á xxóyy"W  



Concentrator Fundamentals  

Examples of DNI Values  
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Seville, Spain 

2,160 kWh/m2a 

5.92 kWh/m2d 

Dagett, CA/USA 

2,598 kWh/m2a 

7.12 kWh/m2d 

Harper Lake, CA/USA 

2,800 kWh/m2a 

7.67 kWh/m2d 



}CPV Versus PV 

}Concentration Fundamentals 

}Cells 

}Optics 

}Tracking 

}Solar Resource ð DNI 

}Energy Generation 

}In Summary 

 

 

 

Agenda  

28 



}In Areas of High DNI, CPV Harvests the Most 

Energy 

}Sun tracking eliminates cosine effect 

}Low temperature coefficient reduces temperature 

impact compared with other solar technology 

}High conversion efficiency disproportionately 

improves CPV performance in high DNI 

 

}What are the metrics for energy? 

29 

Energy Generation  

The Most Important Metric  



}Annual Yield [kWh] 

}Aggregates power over measurement interval 

}Performance Ratio 

}Measures plant AC energy generation against DC energy 

determined by rated power and DNI 

} Is a measure of losses external to generation equipment 

}LCOE [¢/kWh]: the value of energy generation 

} Includes all incremental and fixed costs 

} Includes transaction costs 

}Brought to net present value, so includes estimates for  

inflation 

Energy Generation  

Defining the Metrics of Energy  

30 



Energy Generation  

Theory on Yield Calculation  
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Energy Generation  

Performance Ratio - PR 
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PR     =         Actual annual yield [kWh]   x    rating energy density [W/m²] 

A 

i 
i ×   { Plant Rated Power [ kWp] x Actual solar resource  [kWh/m2] x ȹt } 

}Performance Ratio (PR) Measures Actual Plant 

Performance against Expected; Is a Measure of Losses 

}A Target PR (PRt) is Common in First Few Years of 

Plant Operation 

}Actual PR is compared to PRt at end of prearranged time 

}Remedies for missing target negotiated prior to sale 

Important to Design Plant Performance above PRt 



}CPV Versus PV 

}Concentration Fundamentals 

}Cells 

}Optics 

}Tracking 

}Solar Resource ð DNI 

}Energy Generation 

}In Summary 
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CPV Requires Full System Focus  

Challenge AND Opportunity:   

Simultaneous Consider Compete System 

 Optimize 

}Performance 

}Cost 

}Reliability 

}Manufacturability 

}Balance of Plant 

} Installation 

}Logistics 

Optics and 

Cells 

BOP 

Install 

Module 

Tracking 

Optimize the whole concentrator system  

34 



}Energy Generation is the Key Metric 

}LCOE and Performance Ratio are the units of measurement 

}With Good Design in Appropriate Conditions, CPV will 

Dominate in Energy Production  

}CPV will Provide the Lowest LCOE in High DNI 

Locations 

}CPV is on a Steep Trajectory for Continued Efficiency 

Improvements and LCOE Reduction 

Summary  

35 



Thank You  

Questions and Answers  

36 
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Where are we going and how will we get there? 

 

1 The Basics 

5 Summary 

4 The Future 

3 PV Technology Prices 

2 Supply and Demand 
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Part I 

 

The Basics 
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What is Market Research? 

Is a specific discipline where something is counted from point a to point b, then 
point b to point c, and so on. The point is to eliminate double counting and arrive 
at specific metrics to define a market 
 
In solar, when following the module it is from manufacturer to first point of sale, then  
first point of sale to the next point and so on, until the module is installed.  
 
Market research is the objective study of a subject using data  
gathered through primary research to characterize, analyze and forecast  
demand and supply for, in this case, the photovoltaic industry.   
 
Market research makes use of data to identify trends and customers,  
and analyze competitors.  
 
In the case of this practice, the data go back >30 years.   
In market research, you get the data, get the data, get the data and then 
interpret the data.  
 
Primary research is direct contact with the person buying and selling the  
product, technology, widget, etc.  
 
The purpose is to provide an objective analysis that managers  
and executives can use for business planning purposes.  
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Things to consider 

 

  

 High inventory levels, particularly in Europe, are pressuring prices and  
 all manufacturers are feeling pain ï what aggressive pricing wrought, the  
 industry is stuck with 
 
 All solar technology manufacturers are effected by current low prices  
 for c-Si and the myth that these prices allow for reasonable margins 
 is creating expectations that cannot be met if the solar industry is to  
 remain healthy 
 
 Though the demand side enjoys low module prices, downward pressure  
 on incentives and abrupt changes in programs are causing pain 
 
 In the US, anxiety over extension of the grant in lieu of ITC will increase  
 demand at the end of 2011 
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2011 into 2012 Global Statistics 
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Globally incentives are changing and the PV needs to open new markets 

and develop price elastic customers 

1.4
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22.0
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58% compound annual growth  

Data is PV 
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Part 2 

 

Supply and Demand, a global perspective 
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2010 statistics 

©2011 Navigant Consulting, Inc. PV Services Program 

 

Though, one region, Europe, continues to consume significant volumes, the US is consuming more PV.  
  
 

U.S.
6%

Japan
12%

Europe
15%

ROW
14%

China & 
Taiwan

54%

Supply 17.4-GWp

US & 
Canada

9%

Europe
80%

Japan
6%

ROW
5%

Demand
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2011 Estimated Statistics 
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14%

ROW
4%

2011 Demand



©2011 Navigant Consulting, Inc. PV Services Program 48 

Regional Shipments (Supply), 2005 through 2011 est 

The US was the supply leader up to 1999. 

In 1999, incentives in Japan and Europe  

began to encourage manufacturing in  

those regions.   

 

In the mid-2000s, manufacturers in  

China and Taiwan began to add capacity. 

These manufacturers were aided by  

significant government support. 

 

The US continues to incubate start up  

manufacturing firms. With the addition of  

Federal and state manufacturing subsidies 

the US could gain a larger share of  

global shipments.  

 

Domestic content is extremely difficult to  

police in solar é stronger duties on imports 

and stronger incentives could motivate 

more domestic manufacturing.   

 

In 2011, manufacturers from China and Taiwan  

will probably be ~56% of supply, but, with  

low margins, no one is making money 

Year U.S. % Ttl

 Europe 

% Ttl

Japan % 

Ttl

ROW % 

Ttl

China & 

Taiwan 

% TTL

Total 

Shipments

1997 42% 18% 25% 13% 3% 114.1

1998 38% 21% 27% 12% 3% 134.8

1999 32% 17% 39% 10% 2% 175.5

2000 30% 23% 38% 7% 2% 252.0

2001 27% 24% 41% 6% 1% 352.9

2002 21% 24% 46% 5% 3% 504.9

2003 14% 26% 52% 7% 2% 675.3

2004 13% 26% 52% 5% 4% 1049.7

2005 9% 29% 51% 5% 6% 1407.7

2006 7% 31% 44% 5% 12% 1984.6

2007 8% 32% 29% 5% 25% 3073.0

2008 7% 31% 22% 8% 32% 5491.8

2009 5% 18% 16% 14% 46% 7913.3

2010 6% 15% 12% 14% 54% 17402.3

2011 Est 4% 10% 12% 18% 56% 22000.1

14 Year CAGR -15% -4% -5% 2% 24% 46%
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PV Technology Share, 2009, 2011, 2012 
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Part 5  

 

Average Module Prices over time 

 
 



©2010 Navigant Consulting, Inc. PV Services Program 51 

Historic and current PV industry pricing in pictures 

ASPs decreased at 
the following 

compound annual 
rates:

20 year, 7% 
10 year, 7%
5 year, 17%
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Average Selling Prices
Lowest Current 50 Cents/Wp
Highest Current $3.25/Wp

Currently, first tier  

Modules are available  

for ~$1.10/Wp to $1.50/Wp 

Third tier <$1.00/WP 
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Part 6 

 

The Future 
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The forecast is sunny with a chance of lower margins as well as a 

scarcity of generous incentives and subsidies 

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

History/Reduced Incentives 1.4 2.0 3.1 5.5 7.9 17.4 18.1 13.7 11.7 10.9 9.9

Conservative 18.1 19.0 19.6 20.3 21.4

Accelerated 22.0 25.1 28.9 36.0 46.7

0.0
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10.0

15.0
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Short term reduced incentive (RI), conservative and accelerated regional 

forecast 

Region

2009 

MWp

% 

Chg

2010 

MWp

Cons. 

MWp

Acc 

MWp RI MWp

Cons. 

MWp

Acc MWp

RI MWp

Cons. 

MWp

Acc MWp

RI %

Cons 

% Acc %

North America 553.9 1.8 1566.2 2532.5 2789.9 1919.6 2847.3 4795.8 2275.3 3911.9 7140.0 21% 58% 114%

Latin America 27.7 1.2 60.9 63.3 77.1 123.4 66.4 125.4 140.0 97.8 259.4 50% 37% 75%

Asia-Pacific 708.2 1.5 1742.0 3400.7 4753.9 2484.0 4138.1 6069.3 2621.9 4870.4 8246.3 39% 62% 85%

Europe 6568.0 1.1 13944.1 11932.9 14154.9 9043.7 11711.3 13756.6 6417.6 10461.1 12794.2 -1% 12% 18%

Africa & The 

Middle East 55.4 0.6 88.8 164.6 253.8 139.0 223.0 329.5 213.5 218.5 383.3 40% 41% 62%

Total World 7913.3 1.2 17402.7 18089.0 22029.3 13711.4 18982.0 25079.8 11668.3 19559.7 28823.3 10% 25% 38%

2011 2012 2013 CAGR 2009 - 2013

Global markets will be volatile until the industry becomes used to the new reality,  

which is frankly, the old reality of unstable incentives 

Country Consv. ACC. RI Consv. ACC.

United States 2177.9 2427.2 1862.0 2761.9 4460.1

India 179.9 219.1 272.8 567.6 1148.1

Germany 5608.4 7226.1 3814.6 5305.2 6186.3

Italy 4921.0 5237.3 3979.2 4743.1 5502.6

Japan 1518.1 2141.3 1235.4 1742.6 2621.5

China 1153.4 1727.7 804.4 1434.7 1805.7

2011 2012

The single biggest deterrent to growth is lower and unstable incentive programs 

followed by the economy (globally), high country debt, unemployment, anti-subsidy feeling  

and high levels of inventory on both sides of the chain 

The industry cannot continue to grow  

if new markets do not develop. 

Unfortunately, margins for all may be 

painful while these markets mature.  
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CPV Forecast to 2015, as with everything not all announcement s 

will come to pass 

CPV is moving from demonstration phase of its deployment to commercialization phase.   

At DNI ~7 CPV is highly competitive ï it is important for CPV to stay focused on doing what 

it does best.  

Another advantage is system focused ï CPV development is about  more than the module.  
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CSP, CPV and PV forecast combined ï for multi-megawatt systems 
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Revenue forecast for reduced incentives, conservative and accelerated 

forecasts ï sell more make less, or welcome to commodity land 
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Part 6 

 

Summary 
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Manôs mind, once stretched by a new idea never regains its original 

dimensions. Oliver Wendell Holmes 
 

  
 

 In the US, the solar industry has taken a public relations hit and the  
 industry needs to respond with a stepped up educational effort 
  
 This effort should include a reality check about how much conventional 
 energy and nuclear energy really cost 
 
 LCOE is fine, but there are too many different models and in the end,  
 none of them make the point about the true unsubsidized cost of  
 conventional energy 
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[ŜǘΩǎ ƴƻǘ Ŏƻǳƴǘ ƻǳǊ ƳŜƎŀǿŀǘǘǎ ōŜŦƻǊŜ ǘƘŜȅ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƎǊƛŘ 

because we will have to get used to lower, or perhaps no, incentives in just a 
few years.  

We need to think not just of where to put it (markets) ς we need to think of how 
(installation and BoS innovations) and into what application (what is the electricity 

used for?)  

Paula Mints, 

Principal Analyst, Navigant Consulting PV Services Program 

Director, Navigant Consulting Energy Division 

pmints@navigantconsulting.com  650-849-1142 

 

 

Thank You! 

 

mailto:pmints@navigantconsulting.com
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Solar Services Program 

Annual Reports and Solar Services Program Offerings 

Navigant's Solar Services Program provides clients with comprehensive information and analysis about the photovoltaic, 

CSP, and CPV industries.  The program includes two annual reports published on  PV technologies, modules, balance of 

systems, manufacturers and demand by region, US states and countries -- all backed by more than thirty years of 

historical data: 

ǒ Manufacturer Shipments and Capacity & Competitive Analysis  ééééééééééé.............................é......$5,500 

ǒ Global Analysis of Worldwide Markets for Photovoltaic Products and Five Year  Application  Forecast   ééé. ....$5,500 

 

Clients receive independent, expert perspectives on the market, growth drivers and barriers, the competitive landscape 

and other insights.  Program subscribers also receive Solar Outlook and two (2) hours of a PV industry analyst's time to 

address specific PV-related questions.  

ǒ Six issues of Solar Outlook  éééééééééééééééééééééééééééééééééééé. ..$1,200 

ǒ Two hours consulting time with Paula Mints   ééééééééééééééééééééééééééééé .$850 

 

The materials in the program can be purchased individually at the prices listed above or purchased as part of the 

complete program at a discounted rate of only $12,500. 

To subscribe to the Solar Services Program, order annual reports, or subscribe to the Solar Outlook newsletter 

please contact Jessica Donnelly at jessica.donnelly@navigantconsulting.com or at 650-849-1151. 

mailto:jessica.donnelly@navigantconsulting.com


Navigant Renewable Energy Service Offerings 
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We provide our clients renewable energy services from strategic planning through to project 
implementation. 

Strategy Planning Implementation 

ÅGo-to-market strategy 

ÅCompetitive positioning 

ÅMarket, geographic and 

partner prioritization 

ÅBusiness model development 

and analysis 

ÅKey relationship introductions 

ÅM&A support 

 

ÅCompany/technology due 

diligence  

ÅREC forecasting 

ÅJob impact evaluation  

ÅIncentive application support 

ÅPolicy support and analysis 

ÅTechnology evaluation 

ÅIndependent engineer support 

and red flag project review 

ÅTransmission and 

interconnection analysis 

ÅProject finance and closing 

ÅRFP review 

ÅPPA negotiations 

Navigant Renewable Energy Service Offerings 

Navigant Solar Service Program and former BTM Consult Provide 

Primary Market Research on Solar and Wind Supply and Demand 



CPV Workshop Agenda  
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10:15 CPV Power Plant Case Studies 

Q&A  

Geoff Kinsey,  Amonix 

Nancy Hartsoch, SolFocus  

Hansjörg Lerchenmüller, Soitec 

Vicente Diaz, Isofotón  

12:00 Lunch  

8:00 Registration and Welcome Coffee  

8:30 Welcome and Introduction to Workshop Nancy Hartsoch 
Chairman, CPV Consortium 

Session 1:  CPV Technology and Market  

8:45 Technology Overview 

Q&A 

Hansjörg Lerchenmüller 
Vice Chairman, CPVC 

9:30 The PV/CPV Market 

Q&A 

Paula Mints 
Navigant Research 

10:15 Break 

Session 2:  CPV Deployment  

10:30 CPV Power Plant Case Studies Geoff Kinsley, Amonix 

Nancy Hartsoch, SolFocus 

Hansjörg Lerchenmüller, Soitec 

Vicente Diaz, Isofoton 

12:00 Lunch 
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University of Arizona Science and 

Technology Park  

 

Amonix, Inc.  

 

 

 

 

 

 

Dr. Geoffrey Kinsey, Sr. Director of R&D  



ÁEstablished. Founded in 1989,  Amonix is the leading designer and 

manufacturer of concentrated photovoltaic (CPV) technology, over 50MW 

delivering in 2011. 

ÁProven. Over 16 years of real-world experience in utility environments 

Á Innovative.  Integrated solar systems based on the worldõs highest 

efficiency multi-junction cells (~40%), initially created for satellite and space 

applications 

ÁBest choice for utility-scale solar in sunny and dry climates 

ÁLow LCOE 

ÁProven reliability and predictability 

ÁRequires no water in power production 

ÁMore energy per acre than any other solar technology 

ÁVery flexible in deployment size and timelines 

About Amonix  
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Amonix Timeline  
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