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This paper describes the process of developing a product for the solar industry. It is the story of starting a 
business in the solar market by designing a product, manufacturing the product and growing sales to over 
$1 million USD in 2011 and 2012. The author is describing the actual details of a manufacturing company 
that produces solar racking systems in the USA. The author founded the company in 2009 and left the 
company at the end of 2012. The document describes the changing landscape of the racking sector of the 
US PV market, and makes the case for industry standards in solar module dimensions. The range of 
current sizes of solar modules is described. The inconsistency in sizes creates additional overhead for 
manufacturers to accommodate different sized parts to hold the different solar panels. A uniform standard 
size would result in cost reductions for the end customers. 
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Dedication 

 

 
George Schnakenberg III   1975-2014 

 
This thesis is dedicated to George Schnakenberg, III. When the company was just starting out, the original 
two partners realized it would be difficult to get the design to a manufacturer-ready state. We brought in a 
friend, an experienced product designer named George Schnakenberg III, as a founding partner. Once 
George came on board, our designs started to get more and more refined, until eventually we felt we were 
ready to commit to purchasing the tooling required to start producing parts.  

None of this would have been possible without George’s insight, passion, and skill.  

 

 
 

 
 

 
 
George passed away in 2014 but will always be remembered as a talented designer and a dear friend.  
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1 Introduction 
The US solar energy industry has grown significantly during the 21st Century. Installed capacity has gone 
from under 100 MW in 2000 to 15,900 MW in Q2 2014 (SEIA, 2014). Naturally, as the scale has gone up, 
prices for consumers have gone down. The manufacturing of solar modules is essentially a commodity 
business. Panels are marketed at a price per watt, with solar panel watts almost seen as a fungible 
commodity. The panels themselves do have differences in their appearance and manufacturing techniques, 
but for most customers these are not a differentiator. The main criterion used to evaluate products is price 
per watt.  

1.1 Solar components 
A Photovoltaic (PV) system consists of three main components; the solar modules (aka Photovoltaic or 
PV panels), the inverter(s), and the racking and other Balance of System (BOS) equipment.  

The costs for balance of system (BOS) equipment, focusing on the mounting systems, of rooftop solar PV 
was a major area of innovation and cost reduction between 2009 and 2012. As solar panel prices dropped, 
the market expectations were that all areas of cost would need to be reduced as well.  Heavy competition 
from Chinese imported solar panels pushed market prices down in all areas.  

There are many different manufacturers of solar PV modules in the world and there seem to be no size 
standards in place. Our product development and design process has to accommodate for the many 
different sizes of modules on the market. This adds to the cost of development for each project and 
makes it more difficult to maintain inventories of mounting hardware. The variations in sizes are not 
extreme but are enough to require different hardware components to mount different manufacturers 
panels. If a standard module size would be adopted by the industry, significant cost reductions could be 
achieved through the whole supply chain. 

1.2 Market Constituents and Customers 
Installers (our customers) Our clients are solar Installers, also called Integrators, or Engineering, 

Procurement, Construction (EPC) Contractors. These companies sell 
turnkey installations to their customers.   

Distributors (our customers) Distributors sell solar panels, mounting systems and other equipment 
to solar installers.  

Purchasers of solar arrays Clients are commercial building owners and non-residential facility 
managers, who are responsible for selection of solar equipment. 

Solar Panel Suppliers Panel suppliers that provide panels directly to large integrators.  

Racking System Suppliers Suppliers provide their racking solutions to installers and distributers. 
Some provide design services in-house.  

State and Federal 
Governments agencies  

There are incentives and tax credits provided by the states and federal 
government which provide support and financial incentives for the 
solar industry. 

Public 

 

The public opinion concerning the use of alternative energy, the 
protection of the environment and the addiction to fossil fuel has a 
big impact on the whole industry. 

 
 

. 
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2 Solar Industry Growth 
The solar industry is a growing global market. US Photovoltaic (PV) installations increase year after year. 
During the economic recession that started in 2008, the solar industry was one of the only sectors to still 
see positive growth. The growth in the industry happened in parallel to a dramatic decrease in equipment 
pricing, most notable in the solar modules themselves.   

 
Figure 1: US PV installations and average system price, reproduced from the SEIA US solar market insight report 

As shown in Figure 4, the cost reductions over the last decade have been enormous. (SEIA, 2012)The 
benefits to consumers are obvious and great. The downside to this is that for a small manufacturer trying 
to compete it's very hard to make a profit. Customers expect all the components to continuously go down 
in price. This makes it a tough business to be in. 

 

Fortunately, local building codes play an important part in protecting local companies because the local 
knowledge made it hard for foreign companies to provide code compliant systems. US manufacturers 
competed strongly and went from a relatively small group in 2009 to a much larger group. 

 

2.1 Target Market 
We sell direct to solar installation companies. The product’s target market is flat roof solar PV 
installations. Installation contractors, typically referred to as EPC contractors (Engineering, Procurement, 
Construction), provide turnkey solar installations for commercial property owners. We sell to the EPC 
contractors. The end customers of the product are owners and tenants of the buildings. 
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According to our discussions with DC Power, (a large distributor of solar equipment, recently acquired by 
Soligent Holdings) 85% of commercial PV systems are flat roof systems. Our customer base consists of 
medium to large solar installation companies and solar equipment distributors.  

 

2.2 Market Statistics 
In 2008 the United States was the world's third largest market behind Germany and Spain.  Growth of the 
domestic solar market continues to be high due to high levels of irradiation (Sun) and increasing energy 
costs.   In 2014 the top markets are Japan, USA, UK and China. Germany is no longer the largest market.  
(Solar Buzz, 2014) 

 

2.3 US Market for Flat Roof PV Mounting-Systems 
In 2009, the US market of non-residential grid-tied PV installations was approximately 200 MW, (a 21% 
increase from 2008) From 2003 to 2008 the growth rate of the US market has averaged a 52.4% increase 
per year. We estimate the commercial market in 2010 to be 260 to 300 MW.  

 

85% of the non-residential grid-tied PV Applications are roof mounted. We anticipate this trend to 
continue because of the low cost when compared with alternative mounting methods (ground mount, 
carports and facade).  (Solar Buzz, 2009) 

 

2.4 US Market Drivers 
• The Federal tax credit (ITC) and Grant of 30% has been extended through 2016. 

• The California Solar Initiative (CSI) by providing incentives for investments in solar.  

• President Obama’s energy policy, which will increase the market nationwide by laws and federal 
incentives (ITC Grant program).   

• A Renewable Portfolio Standards (RPS) is currently in place in thirty states. This requires utilities to 
supply a minimum percentage of their electricity from renewable sources.   
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3 Solar racking and Balance of System (BOS) 

3.1 Types of Mounting Systems 
Roof mounted Systems 

 

Roof mounted arrays are the most common and easiest systems to install. A roof provides a ready-made 
structure that is most likely to have good solar access (assuming there are no trees over the roof). 
Mounting on a roof is also convenient because the electrical service panel is likely to be inside the building 
and therefore not very far away.  

The downside to a roof is that sometimes there is limited space available to hold the solar panels. Other 
equipment, such as HVAC and other mechanical systems might also compete for space on the roof.  

 

Roof mounted systems can be sub divided into two categories: 

3.1.1 Mechanically fastened systems  

With a mechanically fastened rack system screws and mechanical fasteners are used to 
attach the rack to the roof itself, typically connecting either to the roof deck or the 
supporting structure. These fasteners penetrate into the structure of the roof and can 
potentially cause leaks. 

3.1.2 Ballasted systems  

Ballasted systems use gravity to keep them on the roof. Concrete blocks are the most 
common ballast but other materials can be used such as gravel.  

Recent innovations in high efficiency roofing materials have shifted the industry towards 
the use of membrane roofs. Membranes are usually either butyl rubber or TPO polymers. 
Membrane roofs can be thought of as a sheet of plastic on top of the roof. The membrane 
is adhered to the roof substrate (wood or metal decking)   

 

Building owners who purchase membrane roofs are often wary of putting holes in their 
roof. Ballasted systems use far fewer mechanical fasteners, (sometimes none) and have 
therefore become the method of choice for solar arrays on membrane roofs. Ballasted 
systems are also perceived to be easier to move in case the building owner decides to move 
the system or the 3rd party financier needs to recover the asset in case of default. 

 

3.1.3 Ground mounted Systems 

Ground mounted systems tend to be larger than roof mounted systems. When installing ground mounted 
arrays, space is usually not as limited as on a roof. Other issues do come up, such as the necessity to grade 
or level the ground as well as the need to deal with any weeds or animals that might interfere with the 
sunlight hitting the panels. The company worked on a few designs for ground mounted systems but none 
made it past the drawing board. 
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3.1.4 Pole Mounted Systems 

Pole mounted PV panels tend to be the smallest types of arrays. Quite often a pole mount might consist 
of one single solar panel but they can also hold more than one, though usually not more than 8 panels. 
Pole mounted systems were considered too small a market to be pursued. 

 

3.2 Ballasted systems in depth 
 

Ballasted mounting systems use gravity to hold them onto the roof rather than mechanical fasteners like 
bolts or screws. Wind forces need to be counteracted in order to prevent the solar arrays from behaving 
like sails or kites and ripping off of the roof. The current building code in the US is based on the 
American Society of Civil Engineers (ASCE, 2007,2009). ASCE codes are updated every few years. As 
each code gets updated, individual states and even counties will update their building codes to a specific 
year.  

ASCE 2007 and ASCE 2009 are the prevalent codes in most of the US. Neither of these has a standard 
formula for how to calculate the ballast needed for solar panels. The closest default use case is in 2007-05 
on cladding. The results using that formula can result in a ballast calculation of 10 pounds per square foot. 
That formula is not accurate to the forces that act on a solar array. It was designed for small home satellite 
antennas to be installed on roofs using concrete blocks to hold them rather than mechanical fasteners.  

Adding this amount of weight is not appealing to building owners. Many buildings don't have a strong 
enough roof structure to support a load like that. The ASCE code allows for modifications to the 
coefficients used in the ballast formula if the coefficients are measured in a wind tunnel. Most ballasted 
PV racking manufacturers have wind tunnel testing done on their systems. Due to the newness of the 
equipment, there is very little standard in the industry for how to apply the results of the measured 
coefficients. This results in a fairly wide variation of ballast calculations from the different manufacturers. 
Building owners want as little weight on their roof as possible. It becomes a competitive edge to market a 
low Pound per Square Foot (PSF). Typical installations are in the range of 3 to 5 PSF.  
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4 Competitive landscape 
 
When the company was founded, the competition was sparse. Very little innovation existed other than 
simple rail systems. During the time period analyzed, at least 10 new companies emerged. Competition got 
tough.  International companies began to establish American divisions.  

 

4.1 Manufacturers of racking systems: 
 
In 2009 the major manufacturers were PanelClaw, SunLink, and UniRack. 

 

 
Figure 2:Comparison of racking systems 

By 2012 new US market entries included Schletter, DPW Solar, Solar FlexRack, Snap n Rack, Ecolibrium, 
Renusol, SunPower, Game Change Racking, DynoRaxx 

4.2 Competitor Analysis 
Currently there are five established US companies that provide non-penetrating ballasted roof mounting 
systems. Unirac (Rapid Rack), Power Fab (Power tube CRS), Sunlink, Sunpower (T10 solar roof tile and 
T5 Solar roof tile) and Rayport are our main competition. All of these racking systems consist of multiple 
components, which must be assembled on the roof. Our system uses far fewer parts, greatly reducing 
installation time.   
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5 Module Sizes 
 
There is no standard size for a PV module in the solar industry. The size of a PV module is left up to each 
manufacturer. The result is that there are many different sizes of modules on the market.  

 

In Figure 7 we see the length and width of all the modules listed on the Solar Pro 2012 module guide 
which has over 900 module types. (Solar Pro, 2012) 

 i 

 
Figure 3: All Module sizes: X axis: Width (inches) Y axis: Height (inches) 

 
When we remove some of the outliers such as any panels whose widths are below 36 inches or above 44 
inches we see the following in Figure 8: 

 

   
Figure 4: Subset of Module sizes, zoomed in to show variations. X axis: Width (inches) Y axis: Height (inches) 
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Likewise there is a wide variety of module thicknesses, as shown in Figure 9. 

 

 
Figure 5: Quantity of module types with each thickness 

 

As shown, there exists a wide variety of module sizes. It is very difficult to design a system that can 
accommodate all module sizes. Mounting equipment manufacturers need to design and stock a wide 
variety of hardware components. This increases complexity throughout the value chain and results in 
increased costs for consumers.  
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6 Objectives and Methodology 
 

6.1 Original Concept Development 
Our objective for developing the ballasted racking product was to simplify the installation process for the 
solar installers. At the time, we considered the racking equipment on the market to be overly complicated 
and consisting of too many parts. The design process involved many iterations of designs.  

 

Water as a ballast material was considered a potential option. Ballasted systems require lifting a lot of 
weight/ballast onto the roof. Using water as ballast would simplify the process by using city water 
pressure to do the mechanical work of lifting the weight onto the roof, and the cost of the water would be 
very low. The downside to using water as ballast is that water tanks would become breeding grounds for 
algae and bacteria and after further analysis, it was decided to use pre-cast concrete blocks.  

 

The use of plastic as a material for racking was novel in the US, but after some research it was discovered 
that another company in Germany, Renusol, had been successfully using the same polymer we were 
considering (HDPE). Renusol had been using HDPE for several years and had a track record with the 
material so we were optimistic that we were on the right track.  

 

Once we decided on our material, we explored many design iterations. Two of them are shown in figures 
10 and 11. 

 
 

 
Figure 6: Concept rendering 

 

 
Figure 7: Concept rendering showing stacking feature 
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6.2 The company 

6.2.1 Company Vision 

Our vision is that solar PV will eventually be installed on every suitable roof in world. In order to achieve 
that goal, installation needs to be simplified and costs need to be reduced. The product simplifies and 
accelerates the adoption of solar energy technologies by reducing the mounting and installation costs 
associated with solar arrays.  

6.2.2 Company Goal 

Simple is always better. The company’s goal is to provide the highest quality solar racking system available 
by simplifying the entire installation process. Our products reduce the overall cost of installation and 
speed up installation time, as well as reducing the environmental footprint through smart design and 
material use. 

 

	  

 

Figure 8: Company corporate structure in 2011 

 

6.2.3 Philosophy 

Our philosophy is to utilize readily available, locally sourced recycled content materials. By using local 
sourced recycled materials we are able to reduce the inherent carbon footprint associated with the 
fabrication, transportation and installation of solar PV. 

6.2.4 Legal form 

We chose to form a C corporation in the State of New York. This decision is most desirable for tax 
purposes and based on the open organizational structure we feel is best suited to the company’s mission.   
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6.3 Production 

6.3.1 Manufacturer 

The first manufacturer used was CVG Automotive located in Tigard, Oregon. The Commercial Vehicle 
Group is a global leader in the manufacturing of HDPE parts for the commercial vehicles.  They provide 
system solutions for the heavy-duty truck, construction, agricultural, industrial, marines and specialty 
industries.  

	  

6.3.2 Material 

The product is fabricated from black High Density Polyethylene (HDPE), one of the most commonly 
used plastics in the world. The finished product will consist of 35% recycled content and contains an 
ultra-violet (UV) inhibitor. All hardware pieces are designed to be removable at the end of product life and 
are recyclable. 

	  

6.3.3 Production method 

The manufacturing process is called “thermoforming.” This process consists of heating plastic sheets in 
an oven and vacuum pulling the plastic onto a mold. The feedstock is .250 inch (6.25 mm) thick plastic 
sheets.  

	  

6.3.4 Quality control 

The manufacturer inspects all units for quality assurance before being shipped. A quality control 
document was prepared with the manufacturer to specify which surfaces are critical and the acceptable 
tolerances.  

6.4 About HDPE 
High-Density Polyethylene (HDPE) or Polyethylene High-Density (PEHD) is a polyethylene 
thermoplastic made from petroleum. It takes 1.75 kilograms of petroleum (in terms of energy and raw 
materials) to make one kilogram of HDPE. HDPE is commonly recycled, and has the number "2" as its 
recycling symbol. In 2007, the global HDPE market reached a volume of more than 30 million tons. 

6.4.1 HDPE Properties 

HDPE has little branching, giving it stronger intermolecular forces and tensile strength than lower-density 
polyethylene. It is also harder and more opaque and can withstand somewhat higher temperatures (120 
°C/ 248 °F for short periods, 110 °C /230 °F continuously). High-density polyethylene, unlike 
polypropylene, cannot withstand normally required autoclaving conditions. The lack of branching is 
ensured by an appropriate choice of catalyst (e.g., Ziegler-Natta catalysts) and reaction conditions. HDPE 
contains the chemical elements carbon and hydrogen. 
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7 Code Compliant Engineering 

7.1 ASCE Code for ballasted solar arrays 
 

The actual forces on solar panels are mostly unaffected by the type of racking system used. The surfaces 
of the solar modules themselves generate the bulk of the lift and drag forces. The only real changes occur 
by adding windscreens to the back and sides of the panels and/or by changing the angle of the modules 
and/or the distance from the roof surface. The shape of the solar array also matters. The height of the 
roof and the distance from the roof edges are other important factors.  

 

The American Society of Civil Engineers (ASCE) is the body that writes the standard building codes for 
the US. The codes are only updated every few years and the advances in solar technology have happened 
faster than the ASCE has been able to update the code. Therefore installers use the only available sections 
of the code that can be considered relevant. (ASCE 2007 -05) under the section title “cladding”.  

 

The problem with the way the code is written is that the default values for wind coefficients (GCN)are 
very high. In order to use values other than the default values, wind tunnel test data is required. 

 

7.2 CFD Analysis 
 

The Space Alliance Technology Outreach Program (SATOP) is a NASA funded program designed to 
provide technical assistance and speed the transfer of space technology to the private sector. We worked 
with NASA SATOP engineers to develop a Computational Fluid Dynamics (CFD) model of the wind 
forces on rooftops with solar panels, parapets, and air conditioners to simulate the dynamic interactions 
between the wind and the rooftop elements. The results of this study helped us develop our proprietary 
in-house ballast calculator that optimizes weight and safety. 
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Figure 9: CFD results showing wind pressure at various 
locations on a cross section of a roof mounted solar 
array 

 

 
Figure 10: CFD results showing wind pressure distribution 
from wind approaching from the corner of the building 

 

 
Figure 11: CFD model setup before testing 

 

 

 
 

7.3 Wind tunnel testing  
 

After the CFD was complete, we engaged with CPP, a very respected wind tunnel lab in Fort Collins 
Colorado. They provided consulting and testing for us. The wind tunnel study was conducted in 
accordance with the test procedures described in Section 6.6 of ASCE 7-05, Method 3 – Wind Tunnel 
Procedure and in accordance with the specifications of ASCE Manual of Engineering Practice No. 67, 
“Wind-tunnel Studies of Buildings and Structures”. 

 

 
Figure 12: Scale model of a building with a solar array 
(shown on left) and smoke tube showing air flowing 
over the corner of the building. 

 

 
Figure 13: Scale model of solar array on a roof. Tape shows 
different locations where the array is placed. 
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In truth it is impossible to do wind tunnel testing for every variation of roof shape. Wind tunnel testing is 
expensive, so each variation costs more to test for. Each company has to develop its own system for 
providing ballast calculations for each roof. Some companies have developed methodologies that they 
distribute as part of their documentation with which the individual contractor can calculate the ballast 
requirements for their individual project.  

The language in the ASCE code itself is vague and despite specifying that the measurements should be 
done in a boundary layer wind tunnel, it's a relatively small footnote in the code manual.  The note about 
wind tunnel types is actually very important. Many racking manufacturers use laminar flow wind tunnels, 
which are more common, to do their measurements. Laminar flow wind tunnels are used for aerospace 
measurements. They simulate an airplane or an air foil in flight. The wind forces on a roof are not like 
those of an airplane.  

Some companies do the calculations for each project in-house using whatever tools they develop, and 
include the ballast calc results as part of the product. This is the approach we took. A goal is to develop 
tools to allow customers to do their own calculations, ideally something online, in order to have more 
customer feedback. This would also lower company overhead, as the staff costs for in-house engineers is a 
large portion of the payroll. 

 The actual wind tunnel data is proprietary. Companies don't publish their measurements because it 
becomes intellectual property. The industry lacks any type of standard approach to performing ballast 
calculations, leaving little incentive for companies to increase safety margins because customers want low 
amounts of weight on their roof. It is a competitive advantage to advertise low weight density, even 
though the systems basically perform the same. As described earlier, performance depends entirely on the 
module orientation, not the racking structure.  

We worked with the wind tunnel testing facility's engineers to build an in house model to predict wind 
forces on roofs. Based on the testing data and the experience of the wind tunnel expertise, we were able to 
develop a set of calculation tools to engineer the ballast required for the roofs of our clients.  

In the wind tunnel, measurements were taken for the pressures along the tops and bottoms of the 
modules. We tested the array at several roof locations and different layout patterns. For each project 
design we divide the roof up into zones, and using an excel spreadsheet that we developed would provide 
the ballast requirements for each module.  

There are a few rare cases of solar panels moving around on roofs with ballasted systems. These tend to 
be results of very poor choices made by the installer on the job site, not really a product defect. However, 
as more and more systems are guilt, it becomes statistically more likely for a weather related solar panel 
accident to occur, which would be tragic for the victim and a blight on the industry.  
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8 RESULTS 

8.1 The product 
 

Our product consists of one main piece that is a thermoformed unit and does not require on-site.  It is 
modular and can accommodate most commonly used solar panels currently on the market.  The product 
is designed to work with low pitch flat roofs (commercial roofs).  The racking system requires no roof 
penetrations.  It is a one-piece unit with only a few attachment screws and uses standard readily available 
solar mounting hardware currently used by installers.  

 

We hoped that our first tool would allow us to produce parts that were ready to sell, but as is usually the 
case, those were really just prototype parts, and once we started making them we realized that we would 
need to redesign the product quite a bit more before we could start selling them.  

 

 
 
 
Once we started reaching higher volumes of scale, we tried to switch the manufacturing method of the 
individual hardware components from small batch hand made runs to larger batches that could use hard 
tooling, thereby reducing cost per part. Because many of the dimensions in modules vary, we often had to 
make different versions of each part that we would use based on the type of module used. The hardware 
used to mount the solar modules to the main structure will vary depending on the type of module used.  

 

Figure 14: CAD rendering showing the stacking feature. 
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Figure 15: CAD rendering of production version 1 

  
Figure 16: CAD rendering showing array grid of 
production version 2 

 

 
Figure 17: View of thermoforming press. The wooden top 
part drops down to push the plastic material into the mold 
cavity. 

 

 
Figure 18: Thermoforming mold shown on the bottom 
with heating tubes shown. One finished part is being 
pulled out of the mold and is shown. 

 

 
Figure 19: Closer view of a finished part cooling after 
being molded 

 

 
Figure 20: Feedstock of .250 inch HDPE sheets. The 
sheets are custom ordered for thickness and size. 
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Figure 21: A stack of finished parts after the metal 
hardware has been added. Parts stack for storage and 
transport. 

 

 
Figure 22: System installation in progress on a roof. 
Concrete blocks have been added for ballast and metal 
strut connects between rows of units. 

 

 
Figure 23: Close up of two rack units connected together 

 

 
Figure 24: An array being installed on a roof. 
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Figure 25: Multiple sizes of concrete blocks on an array in 
progress of installation. 

 

 
Figure 26: A completed array 

 

 

8.1.1 Features 

• One piece, modular design 
• Low roof weight per square foot (as low as 3.5 lbs per square foot) 
• Requires one tool to install and tighten channel nuts/bolts 
• Universal design accommodates 175 to 280 watt solar panels 
• Option to use limited roof penetrations 
• Fabricated from High Density Polyethylene (HDPE) with built in ultra-violet inhibitor (UV)  
• Consists of 35% recycled content (minimum) 
• Lightweight and easy to position on site (20 lbs/unit) 
• Nested design easily transports to job site 
• Compatible with all flat roof surfaces 
• Uses conventional readily available channel nut/bolt mounting hardware 
• Easily recyclable material, local sourcing of raw materials leads to low carbon footprint  
• Built in wire management 
• Built in drainage 

 

8.1.2 Benefits 

• Saves time (i.e. money) for the installer 
• Low carbon footprint due to easy recyclable material and local sourcing of raw materials 
• Less training required for employees 
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• More projects can be completed in less time 
• Stacking design means less space required at the job site and warehouse and lower transportation 

costs 
• Fewer parts to deal with simplifies the construction process 
• No roof penetrations necessary, can be easily removed if required 
• Reduces the carbon footprint of the installation 
• Qualifies for “Buy American” clause  

8.2 Shipping 
Purchase orders are shipped directly from the manufacturer. The product is manufactured, stacked on 
pallets, shrink-wrapped and drop shipped directly to the client, end user or job site.    

	  

8.3 Inventory  
Inventory is stored at the manufacturer. Predicting order volume is critical to maintaining a positive cash 
flow but also for timely delivery. Material lead time is roughly 4 weeks and then manufacturing time is 
another two weeks.   

 

8.4 Installation 
The units are placed on the roof in rows 10 feet (3m) apart and connected in columns (see figure on 
right). Two panel spans are mounted to readily available roll-formed Unistrut or other strut. The solar 
panels are mounted onto the strut using industry standard channel nuts and bolts. Ballasted concrete 
blocks are positioned on the flat section to provide ballast. Each block weighs 31.5 lbs (14.3 kg). Each unit 
will accommodate up to 189 lbs (85.7 kg). The necessary amount of ballast will vary depending on array 
design and wind pressure. 

The ability to adjust the distance between rows enables the use of different sized solar modules to be 
tightly packed but without developing inter-row shading issues. The built-in connection to the next row 
allows little North to south measurement. The span between the units depends on the type of panel 
utilized.  The system is designed to accommodate a span of 10 feet (3m). The racking can easily be 
removed should the roof need to be resurfaced.   

The expanded use of power purchase agreements (PPA) continues to be the predominant method of 
funding installations. The use of ballasted racking systems reduces risk to investors due to the ability to 
remove the array if desired.  

 

8.5 Sales and Distribution 
We officially launched the product at Solar Power 2009, held in Anaheim CA in October of 2009. This 
conference has for several years been the largest annual industry event and idea-exchange. We supported 
the hard launch with a demonstration system at the show detailing the benefits of our product. This 
exhibition allowed us to introduce our product not only to the installers but also to distributors of solar 
equipment. We successfully generated hundreds of quality leads.   
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8.6 Pricing 
Our retail price point started at $90 per module inclusive of all necessary mounting hardware. This equates 
to a price of roughly $0.50 cents per watt when using a Sharp® 224 Watt Panel. We are priced 
competitively when compared with our competitors. This price provides a high margin and allows us to 
reduce our pricing in the future while still maintaining a high margin. 

8.6.1 Pricing Context 

Price is a competitive factor, but price is not the only criteria when selecting a racking system.  Based on 
our conversations with installers, we are confident that labor costs and ease of installation are equally if 
not more important.  

 

8.6.2 Pricing changes 

 
 
The graph above shows the changing landscape for pricing over the years. The Y axis is cents per watt. 
These are estimates using internal proprietary information.  

 

The market cost is based on our internal tracking of competitor pricing either from customer feedback or 
from speaking to other vendors. The IR cost is our internal average manufacturing cost for a system. 
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8.7 Sales Process  
When building a company, it is very important to establish processes for operations. This allows everyone 
to know what they should be doing and helps employees interact with each other in efficient, predictable 
ways. The following shows an example of our established sales process. A formalized checklist like this 
can help keep track of steps needed to close a sale in a fast paced environment. 

 

1. Lead Generation 

 

a. Constant Contact 
b. Cold Calling 
c. Web Site 
d. Trade Shows 
e. Publications 

2. Lead Assigned 
 

a. East Coast or West Coast 
b. Account Manager makes contact with potential client 

to get project details 
i. Location 
ii. Module Type 
iii. System Size 
iv. Any Drawings of the Roof 
v. Time Frame 
vi. Roof Type and Condition 
vii. Structural Engineering 

c. Create Client Account in Sales Force 
d. Generate an Opportunity 

3. Proposal Generation a. Layout Assigned to Project Engineer 
b. Layout Completed  
c. Account Manager Completes Proposal using Bid 

Tool and Proposal Template (most current will be on 
Base Camp) 

d. Create Client File in Base Camp 
i. Save Layout, Bid Tool and Proposal on Base 

Camp and Sales Force 
e. Email Completed Layout and Proposal to Client 

4. Project Engineering 
5.  

a. Ballast Calculations Done Either at Step 3 or 5 
b. Work With Client Engineer 
c. Design Roof Penetrations if Needed 
d. Update Account Manager Continuously 

6. Proposal Follow – Up a. Will They Use Our Racking? 
b. Time Frame / Pricing Acceptable 
c. Update and Track Opportunity in Sales Force 

7. Close Sale 
 

a. Account Manager Receives Signed Proposal 
b. Account Manager Saves Signed Proposal in Base 

Camp, Sales Force and Sent to Accounting With 
Work Order 

c. All Deposits are sent to NY 
i. Accounting creates Client Account in Quick 

Books 
ii. Invoice Generated 
iii. Payment Entered Against Invoice 
iv. Copy of Invoice Sent to Client Showing 
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Payment, Balance and Terms 
d. Work Order From Bid Tool Activates 

i. Details of suppliers and Amounts Generate 
PO’s in Quick Books 

ii. Accounting/Logistics sends PO’s To 
Venders (24 Hours) 

iii. Request / File Resellers License from Client 
e. Accounting / Logistics tracks PO’s that Have Been 

Sent 

8. Order Fulfillment a. Vender Updates Online Google Doc’s With Order 
Ship Dates 

b. Account Manager Checks Online Google Doc’s and 
Makes Sure All Info Is Correct. 

c. Account Manager Alerts Accounting of Any 
Discrepancies 

d. Account Manager Updates Client of Ship Dates 

9. Project Fulfillment   a. Account Manager Confirms Receipt of Order on 
ETD 

b. Account Manager Sends Survey to Client 

10. Project Build a. Technical Questions to Project Engineer 
b. Change Order Process is Handled by Account 

Manager (Bid Tool, Accounting Generates Change 
Order, PO’s and Invoice) 

11. Close Out Account a. Final Payment Received  
b. A/R Aging  
c. Statement Sent to Client Showing Zero Balance 
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9  Conclusion 
The business is still in operation and new versions of the product have been developed and are being 
manufactured. At the time of writing, the author is developing solar micro-grid solutions for the 
developing world to provide energy access for electrification and water pumping in parts of India and 
Africa that lack access to a national grid.  

 

9.1 The need for module standards 
The solar industry is a rapidly changing landscape. Opportunities don’t last long. There are many 
innovators trying to develop novel products. What is one day a wide-open field with few competitors 
quickly becomes an extremely competitive marketplace. The standard business rules still apply, such as 
gaining an advantage by being first to market. However, being first to market is not a guarantee if one 
cannot scale fast enough in order to bring prices down and increase market share.  

Standards are always a difficult thing to introduce into an industry. Once a standard is adopted, however, 
everyone can benefit. In this case, a standard module size would help system designers, Balance of System 
component manufacturers, and would result in reduced costs for the customers, leading to higher 
adoption of solar energy systems. 
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