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1.0 Executive Summary
With the increasing popularity of bifacial solar modules, solar racking manufacturers have introduced single axis trackers with various
mounting configurations into the market. This study aims to identify the most financially preferable mounting configuration from the
standpoint of project ownership, accounting for relative racking structure costs, relative installation costs, and energy production.
The following mounting configurations were analyzed as part of this study. Please note, the H values refer to normalized height which
compares collector width to the height of the tracker table (and therefore module clearance).
• 1-Up Portrait, H = .9 (roughly 40” ground clearance)
• 2 Up Landscape, H = .9 (roughly 40” ground clearance)
• 2-Up Portrait, H = .7 (roughly 40” ground clearance)
• 2-Up Portrait, H = .9 (roughly 80” ground clearance)
Energy Production modeling was performed using the System Advisor Model (SAM) software developed by NREL which determines rear
side irradiance gain accounting for normalized height of the rack, how structure shades the rear side of the module and portrait vs.
landscape module orientation. Structural analysis was performed on each mounting configuration by a licensed Professional Engineer.
The relative cost of the rack for each configuration was identified. Relative costs for installation were also determined. Finally, financial
models for the applicable configurations were created accounting for total project CAPEX, O&M, and revenues from energy production
including module degradation.
The financial analysis of these configurations showed that the 1-Up Portrait configuration provides the best financial performance for
project ownership, assuming consistent module degradation. 2-Up Landscape configuration exhibited the 2nd best financial performance
provided that the project is in a location where the climatic loads do not exceed the short-side mounting mechanical ratings of the module.
The 2-Up Portrait configuration provides the least preferable financial performance for the project ownership.
However, it is understood that structure obstructing a portion of the backside of bifacial modules creates hot spots due to the mismatch
of irradiation on the rear side of the cells between the portion of the cell in the shadow of the structure and the portion of the cell receiving
the rear side irradiance. This mismatch is likely to result in accelerated degradation of the solar modules, which will have an adverse
impact on project financials for configurations where structure exists behind the bifacial modules, such as the 1-Up Portrait configuration.
As of the writing of this paper, multiple organizations are studying this phenomenon to identify the rate of accelerated degradation due to
backside irradiance mismatch. Until it is confirmed that the 1-Up portrait mounting configuration does not have a significant impact on
bifacial module degradation rate, the recommended mounting configuration for bifacial solar modules on a single axis tracker for projects
with relatively light climatic loads is 2-Up Landscape.
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2.0 Background
2.1

Bifacial Modules

A growing trend in the Solar PV industry in the United States is the use of bifacial solar modules. Per PV Magazine “The bottom line is
that bifacial panel use on trackers is expected to grow to a double digit share within a year, and eventually become the dominant design.”1
This view is reinforced by the level of interest shown by solar developers and EPCs at trades shows such as SPI and an increasing
number of requests made to racking suppliers, such as GameChange Solar (GameChange), for both fixed tilt and single axis tracker
systems to support bifacial modules.
Bifacial modules produce solar power from both sides of the module. Whereas traditional opaque-backsheet panels (monofacial
modules) are only designed to convert solar irradiance from one side of the module into DC power, bifacial modules are manufactured
with clear plates on both the front and backside of the solar cells and are designed to convert solar irradiance from both sides into DC
power. Similar to monofacial modules, bifacial modules come in a variety of types including framed and frameless.
A critical parameter for the increase in energy output due to bifacial modules is the amount of light that is being reflected off of the ground
and other surfaces. The proportion of light that is being reflected is referred to as albedo. Albedo varies widely by material, from up to
90% for white snow to 25% for green grass down to 10% for asphalt.
It is also important that nothing obstructs the light reflecting off the ground from hitting the back side of the solar modules. Any
obstructions will cast a shadow on the rear side of the module, reducing the amount of energy the module is producing. Obstructions
on the back side of the module could also cause a mismatch of the amount of light (irradiance) that is hitting different parts of solar cells
in the bifacial module, causing a hot spot to form and potentially accelerating the degradation of the module. Depending on how the
steel racking structure supporting the modules is designed, it could act as such an obstruction, blocking some of the reflected light from
hitting the back side of the module. As such, it is important to study the impact of the racking structure on bifacial modules, which is the
purpose of this report.

2.2

Common Racking Configurations

As stated above, the configuration of the racking structure is important in that any structure behind bifacial solar modules will prevent
solar irradiance from hitting the back side of the module and therefore reduce the increase in power production from the back side of
the module. The term “configuration” is used to describe the way the panels are oriented, the number of panels “up” and the mounting
method.
Solar module orientation is typically referenced relative to the predominant normal direction of the solar irradiance. For fixed tilt
systems in the United States, the solar irradiance is predominantly from the South. For single axis tracking systems, the panels track
such that the panels are normal to the sun in the East-West direction.
Solar modules can be oriented in either Portrait, with the long side parallel to the direction of predominant solar irradiance (NorthSouth in a fixed tilt system, East-West for a single axis tracker) or Landscape, with the short side parallel to the direction of
predominant solar irradiance (East-West in a fixed tilt system, North-South for a single axis tracker). Portrait and Landscape
configurations for a single axis tracker are shown in the images below:
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Figure 2-1a: Panels in a Portrait Orientation

Figure 2-1b: Panels in a Landscape Orientation
The number of modules “Up” is the number of rows of modules supported by a single racking structure. The traditional configuration
for a single axis tracker is to have one row of modules oriented with the long side of the module parallel to the East-West direction,
i.e. a 1-Up Portrait Configuration.
There are many ways to mount (i.e. connect) solar modules to a racking structure, however for the purposes of this study all panels
are assumed to use a traditional “bottom mount” where the solar module frames are bolted directly to the racking structure.

2.3

Configurations Considered in this Study

This study focuses only on single axis trackers with the axis of rotation oriented North-South (the modules rotate to face the East or
West). Four tracker configurations are considered:
• Configuration A: 1-Up Portrait, H = 0.9
• Configuration B: 2 Up Landscape, H = 0.9
• Configuration C: 2-Up Portrait, H = 0.7
• Configuration D: 2-Up Portrait, H = 0.9
4

The normalized height parameter (H) is a way to determine the relative depth of the shadow behind the modules and is described in
more detail below.
See the figure below for graphic representations of the four configurations. Note, for all 2-Up configurations a gap exists between
the rows of modules so no portion of a module is directly over the torque tube.

Figure 2-2: Tracker Configurations
The traditional configuration for a single axis tracker is to have one row of modules oriented with the long side of the module parallel
to the East-West direction, i.e. a 1-Up Portrait Configuration. However, this configuration causes the torque tube (a.k.a. row tube)
rotating the panels on the tracker table to be located directly below the middle of the modules. Thus, this configuration is suboptimal
from the standpoint of backside irradiance gain.
However, by utilizing a 2-Up configuration, the modules can be located such that neither row of modules is directly above the torque
tube. Furthermore, by locating the purlins, the East-West members that the modules are mounted to, with the North-South gaps
between the modules, the tracker can be designed with no structure behind the backside of the modules. This is ideal from the
standpoint of backside irradiance gain.
See the images below for 3-D views of the configurations considered in this study:
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Figure 2-3a: 1-Up Portrait Structure

Figure 2-3b: 2-Up Landscape Structure

Figure 2-3c: 2-Up Portrait Structure
As is described in more detail in the Energy Modeling section below, the ratio of the collector width (a.k.a. chord length) to the panel
clearance impacts the depth of the shadow behind the modules and therefore the power gain from the backside of the modules. Due
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to the minimum panel clearance being a function of the Range of Motion for a given tracker project, this phenomenon can more
readily be compared using a normalized height (H) parameter:
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡
𝐻𝐻 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ

For the 2-Up Portrait configuration, two normalized axis heights are considered: 0.7 and 0.9. For a typical bifacial module, with a
panel length of ~2m, the H = 0.7 configuration corresponds to roughly a 1m [40”] ground clearance whereas the H = 0.9 configuration
corresponds to a roughly 2m [80”] ground clearance. The 1-Up Portrait and 2-Up Landscape configurations utilize a normalized axis
height (H) of 0.9 and ground clearance of roughly 1m [40”]. See the NREL paper “Model and Validation of Single-Axis Tracking with
Bifacial PV”2 for more information on the impact of normalized axis height on bifacial energy gain.
While Configuration D (2-Up Portrait, H = 0.9) has advantages from a backside irradiance gain standpoint, the increased post stickup
height causes the cost of the racking structure, in particular the posts of the tracker, to increase significantly. Furthermore, the
increased height of the torque tube above grade greatly increases the complexity and therefore cost of installation regarding fall
protection. As such, although energy modeling was performed for this configuration, financial analysis was not performed as it is not
the optimal configuration by inspection.

3.0 Annual Energy Production Analysis
3.1

Energy Modeling

The annual energy production (AEP) values used in this report were determined using the System Advisor Model (SAM) software
program developed by the U.S. National Renewable Energy Laboratory (NREL). SAM was selected over other energy modeling
softwares, including PVSyst, due to the robustness of the bifacial energy analysis.
The correlation between bifacial energy gain estimated using SAM and real-world results is well documented in NREL publications. The
view-factor model that SAM uses is more granular as well as more conservative in the computation of additional irradiance received on
the back of the module than PVSyst, and thus has less of a chance of overestimating production. PVSyst, breaks up the range of
rotation into 7 segments and precomputes backside irradiance for each segment. Interpolation is then used for time steps in between
the precomputed angles which is less granular and therefore not as preferable as SAM. Furthermore, the algorithm for SAM takes into
account the normalized height of the rack and allows for the input of losses due to racking structure behind the module affecting the
rear side irradiance. Finally, SAM also allows trackers to be modeled with different module orientations, allowing for the comparison
between landscape and portrait configurations, which was critical to the analysis shown herein. As a result, SAM, more specifically,
version SAM 2018.11.11, was used to perform the energy modeling analysis shown herein.
Five energy models were performed. In addition to the four bifacial module configurations described above, a “control” model was
created to determine the annual energy production of a monofacial module with a 1-Up Portrait configuration.
This study assumes a solar project located in the American Southeast. The selection of this location was made for several reasons:
• The ground cover for a site in the southeast is assumed to be grass with an albedo of 0.25. This is sub optimal from the
perspective of backside irradiance gain which makes the results applicable to a wider range of projects.
• Higher number of cloud days which decreases the impact of clipping (see the Bifacial Energy Models Section below for more
information on clipping).
• Relatively light climatic structural loading, such that the mechanical rating of the modules when mounted on their short side is
not exceeded.
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GameChange has received a growing number of RFPs for projects using bifacial modules in this region.

As the site was held constant for all simulations, the site meteorological and albedo inputs into the SAM program were the same for all
configurations. In addition, the following parameters were held constant for all configurations:
• The project DC capacity is assumed to be 28MWdc which yields results applicable both to larger distributed and utility scale
projects.
• 385W modules with 70% bifaciality factor are assumed. The bifaciality factor is the ratio of the nominal efficiency of the rear
side of the module to the front side of the module. This matches commercially available bifacial modules currently in the
market.
• Ten 1500Vdc inverters are assumed. The string size is 28 modules and a clipping ratio (DC/AC ratio) of 1.19 is used.
• The Ground Coverage Ratio (GCR) was held constant at 30% and the Range of Motion (ROM) was held constant at +/- 52
degrees.
• Backtracking is enabled and therefore the theoretical front side shading loss is 0%.
Several parameters were modified in the SAM program to model the behavior of the various mounting configurations. These are
summarized in the table below.
Racking Configuration
A: 1-Up Portrait
B: 2-Up Landscape
C: 2-Up Portrait, H=0.7
D: 2-Up Portrait, H=0.9

Module
Ground
Collector
Orientation
Clearance Height
Width
Portrait
1.84m
2m
Landscape
1.92m
2m
Portrait
2.72m
4m
Portrait
3.75m
4m
Table 3-1: Bifacial Modeling Parameters

Rear Irradiance Loss
Due to Shading
6.3%
0%
0%
0%

As there is no structure behind the modules in Configurations B, C, and D, the rear side irradiance losses are set to zero. For
Configuration A the rear side irradiance loss was set to the percentage of the rear side of the module that is directly shaded by the
structure (i.e. the width of the torque tube / the length of the module), which was confirmed by NREL staff to be appropriate. See the
NREL paper “Model and Validation of Single-Axis Tracking with Bifacial PV” for more information2.

3.2

“Control” Energy Model

The 1-Up Portrait monofacial “Control” model yielded an annual energy production of approximately 49.670 MWh. The increase in input
from bifaciality is, by virtue of the back side of the module being opaque, 0% and the inverter power clipping is 0.008%. See Appendix
9.1.1 for a copy of the SAM report.
These numbers were compared with the results of the four bifacial module configurations to identify trends and confirm the models were
performing the analysis as expected.
As price increase for bifacial modules is relatively small, the control model is not the optimal configuration by inspection as any
meaningful increase in energy production from the 1-Up portrait bifacial configuration will yield preferable financial results.
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3.3

Bifacial Energy Models

The results of the energy models for the four bifacial configurations are summarized below. See Appendices 9.1.2 through 9.1.5 for
copies of the SAM reports for each configuration.
Racking Configuration
A: 1-Up Portrait
B: 2-Up Landscape
C: 2-Up Portrait, H=0.7
D: 2-Up Portrait, H=0.9

Bifacial Gain

Clipping Losses

6.866%
-0.095%
7.487%
-0.117%
6.322%
-0.073%
7.374%
-0.112%
Table 3-2: Bifacial Energy Model Results

Annual Energy
Production (MWh)
53,035
53,330
52,784
53,277

As described above, the depth of the shadow behind the modules has a significant impact on the bifacial energy gain. Thus, it is not
surprising that Configuration C (2-Up Portrait, H = 0.7), the 2-Up Portrait configuration with the ground clearance of a traditional 1-Up
Portrait configuration, exhibited the lowest increased in annual energy production due to bifacial gain.
The 3 remaining configurations all had the same normalized height of roughly 0.9. Again, not surprisingly, Configuration A (1-Up Portrait)
exhibited the lowest bifacial gain of the remaining 3 configurations, as a portion of the backside irradiance is obstructed by the torque
tube in this configuration. Furthermore, the mismatch of solar irradiance on the backside of the modules in the area of the module in
the shadow of the structure vs. the area receiving backside irradiance may have a negative impact on module degradation, but this is
outside of the scope of this study.
Of the remaining configurations, B (2-Up Landscape) and D (2-Up Portrait, H=0.9), the bifacial gain is approximately the same. This is
to be expected as there is no structure behind the modules in either configuration and the ratio of collector width (chord length) to panel
clearance is roughly the same.
In addition, it is worth noting that the gain from bifacial modules is diluted by inverter clipping. Inopportunely, during the middle portion
of the day when the backside irradiance is highest, the DC output of the plant is often in excess of the AC capacity and therefore the
gain in energy production from the bifacial aspect of the modules is lost. The impact of clipping is reduced in locations with large
numbers of cloudy days and as PV plants age due to module degradation as in both of these scenarios the AC capacity of the plant is
exceeded less often. Although this study assumes a site located in a relatively cloudy climate, reduced clipping in later years of the
project lifetime are not accounted for in the financial analysis below.

4.0 Structural Analysis and Racking Costs
4.1

Background of structural Analysis

Structural analysis was performed on the four single axis tracker configurations described above. The goal of the analysis was to
determine the relative size and strength of critical components such as posts, torque tubes, and purlins, which have different loading
requirements in each configuration. These relative sizes and strengths were then accounted for in the CAPEX price of the racking
system for each configuration in the financial analysis shown below.
The structural analysis performed by GameChange for this study, and for all of its projects, is in accordance with the applicable version
of the IBC, which in this case is assumed to reference ASCE7-10. As stated in the Energy Modeling section above, the analysis herein
assumes a site in the American Southeast. For the purposes of structural analysis, this yields relatively light climatic loads. The design
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wind speed is assumed to be 105 mph, the design snow load is assumed to be 5 psf and the seismic load is negligible. The wind
speeds are converted to pressures using wind gust coefficients determined through boundary layer wind tunnel testing that was
performed by the firm CPP in accordance with Chapter 31 of ASCE7-103. This wind tunnel testing also included checks for dynamic
amplification4 and instability5.
The structural components used in the tracker tables are high strength (grade 50 or higher) cold formed steel shapes. They are designed
in accordance with the applicable sections of the IBC and the AISI S100 standard “North American Specification for the Design of ColdFormed Steel Structural Members.” The components are galvanized per the ASTM A653 standard. It is assumed that the site does
not contain any highly corrosive airborne or subgrade elements.
As is typical in the solar industry, post embedments are determined through full scale pull testing in accordance with IBC Section
1810.3.3. The post embedments shown in this analysis are derived from an empirical rubric created by GameChange based on their
experience installing over 3GW of racking. The soil is assumed to be medium to stiff clay.
The structural analysis was reviewed by Scott Van Pelt, a licensed Professional Engineer in multiple states including North Carolina
and Florida, in the American Southeast.

4.2

Components Affected by Bifacial Designs

Primarily, three structural components are affected by the differences in the module configurations described above:
• Posts
• Torque Tube (a.k.a. row tube)
• Purlins: the East-West members the modules are directly in contact with
The Post design varies little between Configurations A and B as the posts have essentially the same stickup height (a.k.a. reveal height)
and support a similar number of panels. Standard posts for the configurations are on the order of W6x7 for the interior of the array and
W6x8.5 for the perimeter. However, the number of panels supported per post increases in the 2-Up Portrait configuration. Furthermore,
the stickup height increases for Configuration C and even more so for Configuration D. This results in increased bending moment and
slenderness effects on the posts which require they become larger in shape. Configuration C utilizes post sizes of W6x7s for the interior
of the array and W6x15s for the perimeter. Pile sizes are even larger for Configuration D at W6x12s for the interior and W6x20s for the
perimeter.
The amount of torque applied to the torque tube is directly proportional to table length and proportional to the square of the chord length
(a.k.a. collector width). Configurations A and B account for a tracker table 84 modules (3 strings x 28 modules per string) or about 278
feet long and a chord length of approximately 2m. However, the designs for the 2-Up Portrait configurations call for tracker tables 56
modules (each row has 2 strings x 28 modules per string) or 186 feet long and a chord length of approximately 4m. Thus the 2-Up
Portrait configurations apply approximately 266% more torque to the torque tube.
The component most impacted by the various configurations is the purlins. For a 1-Up Portrait configuration, the purlins can be relatively
short, often just 18” in length to support modules with mounting holes with 400mm spacing. This short distance reduces the bending
moment in the purlins allowing them to be a light gauge. By contrast, the 2-Up Landscape configuration, calls for purlins to be
approximately 79” in length. This allows the purlins to extend almost the entire length of the short side of the modules to support them.
This longer length results in a larger bending moment and therefore requires the use of a thicker gauge. Finally, a 2-Up Portrait
configuration requires the longest purlins, more than 100” in length, to reach more than half way along the long side of the modules. This
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creates the largest bending moment in the purlins and therefore requires the thickest gauge or additional components below the row tube
to create a truss.
It is worth noting that both the 1-Up and 2-Up Portrait configurations call for the modules to be mounted on the long side. The 2-Up
Landscape configuration calls for mounting on the short side. There are structural advantages to long side mounting and therefore, some
module manufacturers may reduce their mechanical load ratings for short side mounting. This study assumes a location with relatively
light climatic loading such that the modules still have sufficient capacity to be mounted on the short side.

4.3

Relative Racking System Cost

Based on the relative sizing of the posts, row tubes, and purlins referenced above, cost per watt of the different configurations relative to
a traditional 1-Up Portrait monofacial configuration are shown below:
Relative Cost per
Watt
A: 1-Up Portrait
+ $0.0000
B: 2-Up Landscape
+ $0.0070
C: 2-Up Portrait, H=0.7
+ $0.0150
D: 2-Up Portrait, H=0.9
> + $0.0250
Table 4-1: Racking costs relative to traditional 1-Up Portrait Monofacial
Racking Configuration

5.0 Installation Costs
5.1

Allowances for Relative Installation Costs

While installation costs will vary based on the installer / EPC and the size of the project, it is important to this analysis that some allowance
be included to account for general trends in the installation costs of the mounting configurations considered. Based on conversations
with EPCs who are actively pursuing projects with bifacial modules the following allowances are made for relative cost per watt to install
the different configurations. These prices are relative to a traditional 1-Up Portrait monofacial configuration:

Relative Cost per
Watt
A: 1-Up Portrait
+ $0.0000
B: 2-Up Landscape
+ $0.0110
C: 2-Up Portrait, H=0.7
+ $0.0060
D: 2-Up Portrait, H=0.9
> + $0.0210
Table 5-1: Installation costs relative to traditional 1-Up Portrait Monofacial
Racking Configuration

The prices above account for the following:
• It is expected that in all but the 1-Up Portrait configuration, a first row of modules will be installed and then time will be spent
rotating the tracker tables to install the 2nd row of modules
• The pile count per MW is meaningfully lower for the 2-Up Portrait configurations and therefore pile driving costs are proportionally
lower.
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Purlin count for the 1-Up Portrait configuration is double the count for the 2-Up configurations.
The elevation of the row tube above grade for Configuration D (2-Up Portrait, H=0.9) is sufficiently high enough that OSHA fall
protection measures will be required for multiple steps of the installation. These requirements will slow down production rates
and add meaningful cost to the installation.
All configurations are assumed to utilize a traditional bottom mount connection between the module and the racking structure.
This calls for the module frame to be fastened to the racking structure with 4 bolts per module.

As stated above, while Configuration D (2-Up Portrait, H = 0.9) has advantages from a backside irradiance gain standpoint, the increased
post stickup height causes the cost of the racking structure, in particular the posts of the tracker table, to increase more than 2 cents per
watt. Furthermore, the increased height of the torque tube greatly increases the complexity and therefore cost of installation in regards
to fall protection. As such, although energy modeling was performed for this configuration, financial analysis was not performed as it is
not the optimal configuration by inspection.

6.0 Financial Analysis
6.1

Financial Model

A financial model was created for each of the following configurations:
• Configuration A: 1-Up Portrait, H = 0.9
• Configuration B: 2-Up Landscape, H = 0.9
• Configuration C: 2-Up Portrait, H = 0.7
For the reasons stated above it is not meaningful to perform financial analysis for either the 1-Up Portrait monofacial “control” configuration
or Configuration D (2-Up Portrait, H = .90).
The financial models account for the following:
• System CAPEX: As stated above, this study assumes a 28MWdc solar project. An installed cost of $1.11 per Watt is assumed
for the traditional, 1-Up Portrait, configuration based on the NREL report “U.S. Solar Photovoltaic System Cost Benchmark”6.
The cost per watt for the 2-Up Landscape and 2-Up Portrait configurations were increased to account for the relative costs
described in Sections 4 and 5 above.
• Solar Power Degradation: Degradation of 2% is assumed during the first year and 0.5% for all subsequent years for all
configurations. See the note below regarding possible accelerated degradation of bifacial modules in a 1-Up Portrait
configuration.
• Energy Revenue: Revenues of $0.0304 / kWh are assigned to the annual energy production estimates described in Section 3
above, accounting for the module degradation. A 3% yearly increase in the price of electricity is also assumed.
• O&M: Operations and maintenance costs of $37,800 are assumed. This is appropriate for a non-ganged single axis tracker.
See the white paper: “Financial and Risk Analysis on Three Solar Tracker Designs”7 by GameChange for more information.
• Design Life: A 30-year design life of the solar power plant is assumed.
A few additional notes on the financial assumptions:
• As of the writing of this report, it is understood that structure obstructing a portion of the backside of bifacial modules, such as
the impact of the torque tube in a 1-Up Portrait configuration, creates hot spots due to the mismatch of irradiation on the rear
side of the cells between the portion of the cell in the shadow of the structure and the portion of the cell receiving the rear side
irradiance. It is not fully understood how large an impact this mismatch has on the longevity of the solar panel and therefore no
12
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6.2

increase in module degradation is accounted for. However, readers of this report should be aware that there is a possibility of
accelerated degradation of the modules due to this mismatch which would have negative impacts on project financials
accordingly.
This analysis does not account for the debt structure of the project ownership. Increased ROE resulting from additional energy
produced by bifacial modules being levered by project debt is outside the scope of this study as is interest costs associated with
the various configurations.

Financial Results

Based on the above parameters, the costs and revenue for each month are calculated. Subsequently, the project CAPEX, total energy
produced, levelized cost of energy (LCOE), and internal rate of return (IRR) are computed. These are summarized in the table below.
See Appendices 9.2.1 through 9.2.3 for details of the financial analysis.
Racking Configuration
A: 1-Up Portrait
B: 2-Up Landscape
C: 2-Up Portrait, H=0.7

Project CAPEX
Total Energy
($MM)
Produced (GWh)
$31.080
1,449
$31.584
1.457
$31.668
1.442
Table 6-1: Financial Model Results

LCOE
($/kWh)
$0.0222
$0.0225
$0.0228

IRR (%)
5.19%
5.11%
5.01%

The LCOE and IRR for the 1-Up Portrait configuration showed the most preferable results followed by the 2-Up Landscape configuration.
The financial parameters for the project are worst for Configuration C.

7.0 Conclusions
Four potential mounting configurations for bifacial modules were analyzed, accounting for relative costs in racking structure, installation
and relative energy production. The financial analysis of these configurations showed that the 1-Up Portrait configuration provides the
best financial performance for project ownership. This is followed by the 2-Up Landscape configuration for a project, provided the climatic
loads do not exceed the short-side mounting mechanical ratings of the module. The 2-Up Portrait configuration provides the worst
financial performance for the project ownership.
This analysis does not account for a potential increase in the degradation rate of bifacial modules due to racking structure partially shading
the backside of the modules, thus creating an irradiance mismatch. It is the understanding of the authors of this paper that in the near
future studies will be performed to quantify the impact of partial shading of the backside of bifacial modules on typical degradation rates.
In the meantime, it is recommended that project owners utilize 2-Up Landscape configurations when mounting bifacial solar modules on
single axis trackers in locations with relatively light climatic loads.

13

8.0 Bibliography
1. Thurston, Charles W. “The weekend read: Tracker market is adapting to bifacial module technology.” PV
Magazine 17 Feb. 2018.
2. Pelaez, Silvana Ayala, Chris Deline, Peter Greenberg, Josh Stein, Raymond K. Kostuk. Model and Validation of
Single-Axis Tracking with Bifacial PV. Golden, National Renewable Energy Lab: 2018.
3. Fewless, Yarrow, Anisa Como, and Heather Sauder, PhD. Wind Tunnel Tests and Wind Load Analysis for
GameChange 2-M Tracker. Fort Collins, CPP: 2018.
4. Banks, David, Yarrow Fewless, and Tushar Guha. GameChange Single Axis Tracker Dynamics. Fort Collins, CPP:
2015.
5. Fewless, Yarrow, Christian Rohr, and Kenneth Fung, GameChange Instability Screening. Fort Collins, CPP: 2018.
6. Fu, Ran, David Feldman, Robert Margolis, Mike Woodhouse, and Kristen Ardani. U.S. Solar Photovoltaic System
Cost Benchmark: Q1 2017. Golden, National Renewable Energy Lab: 2017.
7. GameChange Solar. Financial and Risk Analysis on Three Solar Tracker Designs. New York, 2018

14

9.0 Appendicies
9.1
Energy Models
9.1.1 1-Up Portrait Monofacial “Control” Energy Model
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9.1.2 1-Up Portrait Bifacial Energy Model
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9.1.3 2-Up Landscape Bifacial Energy Model
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9.1.4 2-Up Portait, H=0.7 Bifacial Energy Model
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9.1.5 2-Up Portait, H=0.9 Bifacial Energy Model

23

24

9.2

Financial Models

9.2.1 1- Up Portrait Bifacial Financial Model
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9.2.2 2-Up Landscape Bifacial Financial Model
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9.2.3 2-Up Portrait Bifacial, H=0.7 Financial Model
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