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1. Concentrator Photovoltaic (CPV) Technology 

1.1 CPV Technology Overview 

A concentrator photovoltaic (CPV) system converts light energy into electrical energy the 

same way that conventional photovoltaic technology does. The difference in the 

technologies lies in the addition of an optical system that focuses a large area of sunlight 

onto individual photovoltaic cells. Also, the solar cells used in CPV systems are different 

from silicon PV cells as they are capable of converting very large amounts of sunlight into 
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energy at high efficiency. CPV systems can be thought of as “telescopes,” trained on the 

sun’s position and feeding the concentrated light to the cell. 
 

Optics in a concentrator system are significantly less expensive than the photovoltaic cell. 

The less cell area used per unit, the lower the overall cost of the system. With the 

SolFocus CPV system, a multi-junction PV cell of <1 sq. cm. is illuminated by the sun 

magnified 650 times. This means that the sunlight covering 

~650 square centimeters is collected and redirected onto a 

single <1 square centimeter cell, thus dramatically cutting the 

cost per unit of energy as compared to conventional 

photovoltaic technologies. 

 

Because a CPV system is like a telescope, each unit needs 

an unobstructed view of the sun and must actively track the 

sun in its progression across the sky. As a result, CPV is 

most effective when deployed in areas of clear weather and 

lots of sunshine hours, and in combination with a precision sun tracking 

mechanism. 

 
 

 
1.2 SolFocus CPV Technology 

Description 
 

High efficiency PV cells and precision optics are the 

essential building materials for SolFocus CPV 

technologies. To deliver the very best CPV solution, 

SolFocus marries the world’s highest performing PV 

cells with an efficient and durable optical design. 

The SolFocus design relies on precision glass 

components that are easy to produce in high volume 

and 

at 
low 

 
 
 
 
 
 
 

 
1.2.1 Reflective Optics 

cost. 
Figure 1 Light is collected by the primary mirror, 

reflected back to the secondary mirror, and then 

through the optical rod and onto the high efficiency 

solar cell, with an overall concentration of 650. 

SolFocus utilizes reflective, non-imaging optics (customized, precision mirrors) to collect and 

concentrate the sun’s energy. A large mirror is used to collect direct sunlight and then focus 

the reflected light onto a smaller secondary mirror. The secondary mirror then redirects the 

reflected light into a glass prism, channeling the sunlight onto the photovoltaic chip. The 

result is a compact and efficient CPV system. 

 

Research in the mechanical, electro-mechanical, and 

material aspects of the SolFocus design has resulted 

in a set of highly robust and efficient optical 

components. While some CPV solutions use refractive 

optics (Fresnel lenses, usually made of plastic through 
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which the sun’s light is focused), SolFocus believes that reflective optics made of 

glass are the best technology for both near-term performance and long-term 

durability in the sun. Reflective optics enable higher efficiency and better 

concentration ratios. Further, glass is known to maintain performance in high 

temperature outdoor environments for decades. 

The simple shape of the mirrors is well suited to high volume precision 

manufacturing, making the 

assembled panels inexpensive to manufacture and Figure 2 The optical geometry of the 

easily supported by high volume automation. SolFocus power unit allows maximum 

concentration, enables use of low cost 

optics, and provides a wide acceptance 

angle. 

1.2.2 High-Efficiency, Multi-Junction Photovoltaic 

Cells 

 
The photovoltaic cells used in SolFocus CPV systems differ from crystalline silicon cells 

that make up traditional photovoltaic systems. SolFocus CPV cells, known as multijunction 

cells, provide energy conversion efficiencies of approximately 40-44% in contrast with the 

typical 15-20% of crystalline silicon. These cells are based on device technology in use for 

space applications since the early 1990s. Solar cell designs originally built and rigorously 

tested for the demanding requirements of space have been optimized for performance 

under a somewhat less demanding terrestrial solar spectrum. 

The field of available solar technologies is beginning to run up against fundamental 

efficiency limits. That is not the case for concentrator PV. Current CPV cells still operate 

well below the theoretical efficiency limits of over 75%. The cells used in SolFocus 

systems today are 40% efficient. By mid 2013 these will be 42% efficient cells, and within 

a few years SolFocus expects to be utilizing cells in excess of 45% efficiency. SolFocus 

systems will make direct use of these advances in cell technologies without modification to 

the overall system design. Improvements in cell efficiency will translate into improvements 

in SolFocus panel efficiencies and advantages versus competitive technologies that have 

little room for improvement. 

 

1.2.3 Tracking Technology 

 
SolFocus CPV panels are mounted on a dual-axis tracker which keeps them in direct 

alignment with the sun. These SolFocus custom-designed trackers have been 

engineered to provide sufficient pointing accuracy without sacrificing cost. The control 

system provides a 0.1 degree tracking precision through accurate gearing and a rigid 

panel mounting frame. The control system features automated commissioning and 

calibration, and provides advanced data collection capabilities suited to both distributed 

generation requirements as well as utility scale data reporting and control requirements. 
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1.3 SolFocus SF-1136SX CPV Systems 
 

SolFocus panels are highly efficient, converting approximately 30% of sunlight into electricity. 

Each panel is made up of 20 of the high efficiency power units described in the previous 

section and currently provides 432 watts DC of peak power. 

 
The SF-1136SX includes thirty-six (36) SF-1100 CPV panels mounted on a pole-style 

dual-axis tracking system to align the concentrating systems with the sun throughout the 

day. The panels feature the same panel technology which has been deployed since 2009 

with several years of field performance data. With the SF-1136SX, however, there have 

been changes in the tracking technology and structure to provide a much faster and 

simpler system to install in the field. The panels are delivered pre-assembled as 

MultiPanel Assemblies (MPA) of four (4) panels each. The panels are pre-aligned at the 

factory during the manufacture of the MPAs. The incorporation of panels into MPAs 

dramatically reduces field assembly time. These CPV systems are certified to the IEC 

62108 industry standard, and have been designed for high reliability in extreme operating 

environments with very low maintenance requirements. SolFocus CPV systems are 

made primarily of glass, 

aluminum and steel, all robust, 

field-proven and recyclable 

materials. The systems have a 

robust passive thermal 

management system, a 

dependable dual-axis tracking 

system, and are field-proven to 

deliver energy at projected levels. 

SolFocus CPV panels come with 

a 25-year power performance 

warranty, along with its product 

Figure 3 SF-1136S Installation at 

Camp Pendleton, California warranty. 
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Power Unit 

Cassegrain Imaging Concentrator 

Primary Mirror 

Secondary Mirror 

 

Receiver Unit 

Tertiary Non-imaging Optic 

Multi-junction PV Cell 

Heat Spreader 

SF-1100P Panel 

20 Power Units per Panel 

432 Watts Peak Rated Power 

SF-1136SX System 
 

36 Panels Assembled into 9 Multi Panel 
Assemblies 

Dual-Axis Tracker including Precision 
Tracker Control System 

 

15.6 Kilowatts Peak Rated Power 

Figure 4 Key Elements of SolFocus CPV Technology 
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2. CPV System Performance 

2.1 High Performance and Energy Production in Operation 
 

The SolFocus system design provides the highest performance in real-world applications. Several 

unique characteristics of the SolFocus system contribute to the high energy generation. 

 
 Large Acceptance Angle: SolFocus has an acceptance angle of >1 degree which minimizes 

the losses which can occur in the field from wind, misalignment, etc. Compared with Fresnel 

Lens based systems (0.25 degree to 0.50 degree acceptance angle) the operational energy 

production of SolFocus systems will be higher, even if the panel efficiency is slightly lower. 

Systems with a small acceptance angle will lose energy harvest to many factors including 

wind buffeting, hazy or cloudy conditions, as well as tracking and installation inaccuracies. 

Under high cirrus cloud, for example, approximately a third of the solar radiation can be 

received outside the diameter of the solar disk. Cirrus cloud is a common cloud type in 

regions where CPV is best suited. The wide acceptance angle of SolFocus systems allows 

more solar energy to be captured than most other systems under these real life conditions. 

 
 Production in Windy Conditions: SolFocus systems are sized to allow normal operation at 

reasonably high wind speed, and continue to produce full power right up to wind stow speed. 

SolFocus optics have been designed to ensure a much more consistent power output profile 

performance within its wide acceptance angle than alternative designs. This results in a more 

stable output when small movements due to factors such as tracker response or wind 

buffeting change the angle of incidence. This is important, since without it, a variable output 

would cause inverters to continually hunt to find the optimum output voltage, with an 

attendant loss in energy harvest. 

 
 Uniform Spectrum: Unlike refractive (Fresnel) systems, the reflective optics used by SolFocus 

systems produce a uniform spectrum distribution across the cell area, optimizing electrical 

production. This becomes increasingly important as next generation cell technologies move 

into production. 

 
 High Conversion Efficiency: SolFocus systems provide among the highest energy conversion 

rates of any commercially produced systems. High conversion efficiencies mean less 

equipment has to be installed per megawatt than would otherwise be required. 

 

The SolFocus approach to optimize efficiency and acceptance angle takes the energy production 

much closer to the theoretical limit than is possible with simpler optics. Most importantly, it will 

generate more kilowatt-hours per year under real conditions than other systems that simply 

optimize instantaneous power under ideal conditions. These design considerations have allowed 

SolFocus systems to optimize the energy harvest and hence overall economic return. 
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2.2 Predictable Performance 
 

For CPV systems, industry-standard energy calculators do not provide accurate assessments. 

SolFocus has developed advanced modeling software in order to provide accurate projections of 

energy generation from its CPV power plants. This software, known as the “SolFocus Engineering 

Energy Calculator” (SEEC), allows SolFocus to predict the production of its sites. 

This model has been tested and validated and has been found to be accurate within a margin of 

+/-2%. A third-party engineering firm – Black & Veatch Corporation – reviewed SolFocus’ energy 

forecasting tool and validated the approach, content, and results of the SEEC model. Black & 

Veatch noted that third party energy modeling tools such as PVSyst or Solar Advisor Model have 

limited functionality in relation to CPV systems. Consequently, Black & Veatch considers SEEC to 

be the best tool currently available to estimate SolFocus’ system production. The following chart 

provides a summary of several of SolFocus commercial sites, showing the actual versus 

projected energy production numbers for these sites. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weighted 

Average 

 
 
 
 
 
 
 

 
Figure 5 Performance of Commercial Sites Compared to Modeled Performance Predictions 

 

 
Location 

Victor 

Valley 

College 

Coachella 

Water 

Plant 

 
Nichols 

Farms 

Arizona 

Western 

College 

Years in 

Operation 
2.5 1.5 1.5 0.9 

Size 

(MWp-DC) 
1 0.4 1 1 
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The chart below shows, as an example, the recent energy production performance to forecast of 

the company’s Victor Valley College power plant. 

 
Figure 6 Victor Valley College Performance. Actual Energy is 101.6% of Predicted Energy over the time period 

shown. 

 
2.3 SolFocus CPV Systems and Operation in Hot Sunny Locations 

Concentrator Photovoltaic (CPV) technology is well suited to the operation in hot sunny locations. 

Performance and Heat 

SolFocus CPV systems perform very well even at high ambient temperatures. As shown in the 

chart below, SolFocus CPV systems are much less impacted by the hot temperatures than other 

solar technologies. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Comparison of the Impact of Temperature on Panel Performance 
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Solar Intensity and System Durability 

Glass optical elements perform well over the life of the project, even in extreme conditions. In 

addition, the cells used in SolFocus systems are robust, initially designed for space operations 

where they have been used for over 30 years. The modules, including cells and optics, are 

warranted for 25 years of operation, even in harsh operating environments. 

 
Consistent Energy Production 

With a dual-axis tracking system the SolFocus CPV systems provide maximum energy capture 

throughout the day, producing electricity generation consistently, including late in the afternoon 

hours when demand for electricity peaks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 High Energy Production from Sunrise to Sunset 

 
 
 

 

3. High Reliability CPV Systems 

3.1 Reliable by Design 
 

SolFocus systems are reliable by design. The design-for-reliability approach is incorporated into 

all subassemblies in the SolFocus CPV system. SolFocus records serialized data during the 

manufacture of all its panels, and uses a sophisticated database for genealogical analysis of any 

technical issues. This has been instrumental in enabling SolFocus to minimize the level of 

maintenance required while eliminating reliability issues. 

6:00 a.m. 
3:00 p.m. 

9:00 a.m. 
6:00 p.m. 

11:00 a.m. 
8:00 p.m. 
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Details of design for reliability by component, as well as by component characteristics, are 

provided in the table which follows. 

Component Characteristics 

PV Cells  Robust, durable, proven 

Optical 

System 

 Reflective – no crevices for collection of dirt or contamination 

Glass – durable, field proven, minimal degradation 

Enclosure  Front glass for protection and cleaning ease 

 Adhesives – skyscraper proven 

 Backpan single drawn with no weldments 

Cooling  Dry – no fluids to pump or replace 

 Passive – no pumps, valves, heat exchangers, fans 

 Passive system protects cell under worst case conditions when no power is 

drawn 

Tracker  Az/El drive – minimizes number of seals and lubrication points 

 Sealed bearings and gears 

 Electric motors eliminate need for hydraulic fluid (and its degradation over 
time), seals, pumps and flexible high pressure hoses. 

 No relative movement between the panels: minimum flexing of cables 

Tracker 

Control 

 Ephemeris equation minimizes physical complexity 

System  Each system is equipped with an anemometer for independent wind stow 

control 

Figure 9 Design-for-Reliability Permeates SolFocus CPV Technology 

 
 
 
 
 

 

3.2 Certification and Testing 
 

SolFocus systems have been certified to all required standards. The leading requirement is 

certification to the rigorous IEC 62108 standards which includes a six-month outdoor exposure 

test. SolFocus was the first CPV company to receive IEC 62108 certification, for over one year 

was 
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the ONLY company to achieve this milestone, and since then has had each of its technology 

generations certified. SolFocus also has panel certification using three different multi-junction 

cells, a critical achievement to assure ongoing product availability and manufacturing flexibility. 

 
SolFocus considers certification to be mandatory, but does not consider it guarantee of reliability. 

SolFocus has an extensive reliability testing process which includes component testing, 

subassembly testing, accelerated life testing, HALT analysis, and more. To date the company has 

had systems installed for over 5 years with more than 2 million cell hours on sun. Through this 

robust and comprehensive reliability test regime SolFocus has proven field life of over 25 years. 

 
 
 

 
3.3 Third Party Validations 

 
SolFocus depends on third-party validations on its products, and works 

aggressively to ensure there is outside diligence to prove the company’s 

claims. International engineering firm Black & Veatch has completed two 

diligence reports on SolFocus technology, providing validation of the 

technology, reliability, energy production supply chain and other aspects of 

the company’s business. The reports are available to customers under 

confidentiality agreement. 

 
SolFocus also has validation on various aspects of the company and 

product from Navigant Consulting, Garrigues, and engineering firm Taylor 

and Syfan. 

 
 

 

4. Construction and Maintenance 

SolFocus systems are designed and delivered to enable a rapid, low-cost installation. This is 

achieved by minimizing the overall number of system components and by simplifying the 

assembly of these components in the field. Performing assembly, wiring, and leveling of a variety 

of the system’s subcomponents at the SolFocus factory ensures high quality and consistency, 

and greatly simplifies the assembly process and logistics in the field. In addition, the SolFocus 

system provides plug-and-play electrical connections and cable management solution for all DC, 

AC and communication circuits on the system, thereby eliminating the need for electrical 

termination work and minimizing the potential for errors. Regardless of the SolFocus system’s DC 

string configuration, SolFocus provides a fused, DC combining solution on each system, leaving 

the installer a single DC and Aux AC output to connect to the site’s electrical distribution network. 

This helps simplify the electrical design and minimizes the wiring, labor and electrical equipment 

needed to collect and combine the DC circuits on the site. 

 
Utilization of a single pole pedestal for each SolFocus system allows for a greater amount of 

terrain flexibility in comparison with other tracking solutions. This results in less costly grading, 
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grubbing, soil mitigation and vegetation management requirements. In addition, the size and form 

factor of the system allows for the use of a wide variety of foundations, from concrete caissons to 

steel driven piles, both of which have minimal environmental impacts. The moderate size of the 

equipment allows high speed installation without the need for a crane or other specialized 

equipment. This, along with the high level of integration of the delivered equipment also means 

that locally sourced labor can be used. 

 
Combining these features with the overall high efficiency of the system, which results in 50% 

fewer systems and panels required per 1 MW in comparison to traditional PV, enables the 

installer to significantly reduce the $/watt installation cost. All of these factors combined result in a 

best-in-class installation cost for the end customer. The following table summarizes the key 

installation advantages of the SolFocus CPV system. 

 
 
 

 

Requirement SolFocus CPV System Advantages 

Site Design 
 Flexible stringing options allow for both 600V & 1000V electrical solutions 

 Structural certification and design loads provides flexibility in foundation 

solution 

Site 

Preparation 

 Single pole pedestal enables terrain flexibility and minimizes grading and 
site grubbing requirements 

 Flexible GCR enables optimization of land use 

Installation  Fast, simple system installation with no requirement for specialized 
labor or equipment 

 High efficiency systems results in 50% less panels to be installed per 1 

MW when compared to traditional PV 

Electrical  High efficiency and system string combining results in fewer DC 
homeruns, less electrical combining equipment and minimizes 
electrical termination work 

 Use of standard, 1 MW-AC electrical designs, can be easily repeated 

to achieve economies of scale on larger projects  Standard PV 

inverters can be used. 

Commissioning  Automatic, hands free, commissioning and calibration functionality 

 

 
SolFocus provides complete documentation on the design, assembly, installation, commissioning, 

and operations/maintenance of its CPV systems. These documents are available in both English 

and Spanish. Available product documentation is outlined below. 

Title Contents 
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Site Design Guidelines Describes the recommended design criteria needed in the 

engineering phase of a power plant design utilizing SolFocus 

systems. 

Logistics Manual Describes the delivery and handling procedures of SolFocus 

systems upon arrival at the site. 

Assembly Guide Describes the assembly process and required equipment and tools 

needed for the full mechanical and electrical assembly of the 

SolFocus system. This document is intended to be used with the 

Assembly Drawing Package and Commissioning Guide. 

Assembly Drawing 

Package 

Documents the details for the full mechanical and electrical 

assembly of the SolFocus system. This document is intended to be 

used with the Assembly Guide and Commissioning Guide. 

Commissioning Guide Describes the process and tools required to successfully 

commission and calibrate the SolFocus system. This document is 

intended to be used with the Assembly Guide and Assembly 

Drawing Package. 

Operations and 

Maintenance Guide 

Explains the procedures, equipment, and maintenance schedules 

required to maintain SolFocus systems in proper working order. 

 

The Operations and Maintenance (O&M) activities of the SF-1136SX are summarized below. The 

Operations and Maintenance Manual referenced earlier in this section provides complete 

information on required activities. 

Activity Number of Times per Year 

System Cleaning 4 

Visual Mechanical Inspections Activity 1 

Lubrication of Az Motor and Gears 1 / 6.25 (every six years) 

Lubrication of El Motor and Gears 1 / 3 (every three years) 

 

 
Cleaning is the most frequent maintenance procedure. The robust flat glass front panel allows for 

easy cleaning. The SolFocus systems have simple cleaning procedures, similar to an office 

building, with the CPV panel front glass being well suited to mechanical cleaning processes. This 

type of cleaning either minimizes or completely eliminates the need for de-ionized water, which is 

a problem with non-contact cleaning (“deluge” cleaning), where high volumes of water are used. 
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The estimate above for cleaning times per year is typical of most sites. Some projects may 

require more cleanings per year, dependent on the actual soiling rates at the selected site. 

 
 

 

5. Warranties 

The following summarizes the warranty package which is provided with the SolFocus systems. 

The full warranty document is attached in the Appendix of this document. 

 
5.1 Product Warranty 

 
Panel Equipment Warranty 

From 5 years from date of delivery panels shall be free from defects in materials and 

workmanship under normal application, installation, use and service conditions. 

 
 

 
Tracker Equipment Warranty 

From 10 years from date of delivery trackers shall be free from defects in materials and 

workmanship under normal application, installation, use and service conditions. 

 

 
5.2 Panel Power Warranty 

 
SolFocus warrants its SF-1100P panels ("CPV Panels"): 

 
 that, for period of twelve (12) years from date of delivery, the CPV panels will not exhibit 

power output less than 90% of rated minimum peak power
(a)

 specified in SolFocus’ panels 

datasheet at the time of delivery; or 

 
 that, for period of twenty-five (25) years from date of delivery, the CPV panels will not exhibit 

power output less than 80% of rated minimum peak power
(a)

 specified in SolFocus’ panels 

datasheet at the time of delivery. 

 
(a) Minimum rated power = rated power minus the rated power tolerance as specified in 

SolFocus’ product datasheet. “Rated power” is the power in watts at the Rating Conditions of 

Direct Normal Irradiance of 1000 W/m
2
 and cell temperature of 25 degrees Celsius. 
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6. Appendix 
 

Appendix 1: Product Specification Sheet 

Appendix 2: Product Certification 

Appendix 3: SolFocus Limited Equipment Warranty 
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6.1 Appendix 1: Product Specification Sheet(s) 
 

Product Specification Sheets follow for: 

432 watt panels (shipping now) 

450 watt panels (shipping mid-2013) 
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6.2 Appendix 2: Product Certification 
 

SolFocus Certifications follow for: 

Certificate Description 

IEC 62108 Standard for the quality and reliability of CPV modules 

and assemblies. 

California Energy Commission 

(CEC) Listing 

All SolFocus Panels are included in the CEC list of 

Other Eligible Solar Electric Generating Technologies, 

making projects using these panels eligible for 

performance based incentives. 

EC Declaration of Conformity Declaration in accordance with EC Machinery Directive 

2006/42/EC, Low Voltage Directive 2006/95/EC, and 

EMC Directive 2004/108/EC. 

 
 

In addition, SolFocus Suppliers have the following Certifications: 

Certificate Description 

ISO 9001:2008 Quality Management System 

ISO 14001:2004 Environmental Management System 

CEPREI ISO 27001:2005 Information Management System 

OHSAS 18001:2008 Operational Health and Safety Management System 

American Institute of Steel 

Construction (AISC) 

Certification 

Quality (Steel Structure) 
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Appendix 3: SolFocus Limited Equipment Warranty 



SolFocus CPV Technology and Product Overview REVIEW 

Page 24 o2f .226 
SF-Tech-SF1136SX-L2-V5-121127 

 

 

 

 

 



SolFocus CPV Technology and Product Overview REVIEW 

Page 25 o2f .226 
SF-Tech-SF1136SX-L2-V5-121127 

 

 

 

 

 


