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Abstract

The Sustainable Mobility System for Silicon Valley (SMSSV), also known as the Spartan
Superway, is a project to develop a ¢t solar powered Automated Transit Network (ATN)
system. The ATN system will be elevated allowfagtraffic and infrastructure below. The ATN
system is designed for the vehicles or pods to be hanging from the track, giving the system

opportunities for a solar module system on the top of the ATN.

Recent work has focused on analyzing the power regaimssrand designing the solar
power system for a potential implementation of ATN in the city of San JosZ. The System Advisor
Model (SAM) software from the National Renewable Laboratory (NREL) estimates the POA
(planeof-array) energyavailable for the ATN etwork and how much can be used for other
applications. Results show power 88 vehicles over a 14km guideway 24 hours a day requires
19,600 monocrystalline solar panels with an area of 38,000m2. 24/7 and be zesiaret! (on

average) over a calendazayr.

Extensive research determining the boundary condition required for our solar racking

system is underwayA design for a racking system utilizing bolts was analyzed showing more
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difficult maintenance & installation, however cheaper infrastructinether design for a semi
automated design was analyzed essentially showing cheaper maintenance & installation, however
more expensive infrastructure. Four different designs for-aeieimated locking mechanism were
created. Two different blindonnecting maixizers were designed to be implemented with the
semtautomated racking syster@ostanalysis of the solar installation shows that an automated
cleaning system is necessary for the large scale install&auations for Building Integrated
Photovoltaic fies and modules were also analyzZddwever,do tothe unrefined design of the

ATN system, no racking system can be solidified yet.

Different options of monocrystalline, polycrystalline, and thin film solar modules were examined.
The First Solar thiffilm module utilize cadmiunrtelluride (CdTe) cells obtained an efficiency of
17% and was determined to be a the best cost per watt in tHérnth@ategory; some installation
have be seen to be as low as 25cents per(@atist Martin 2016) The 15.5% Miasoléhin-film
(CIS/CIGS)again was a cheap optiah28 cents per waget still reasonably efficierfEric Wesoff

2015) The QCells

Keywords: Automated Transit Networks (ATN), Personal Rapid Transit (PRT), sustainable

energy, photovoltaic cells, System &dv Model (SAM)
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Introduction

San JosZ State University started the Sustainable Mobility System for Silicon Valley
(SMSSV), also known as Spartan Superway2012. It addresses sustainable mobility through
the use of a solgsowered automated transit network (ATN), sometimes referred to as personal
rapid transit (PRT) or pod cars. The Spartan Superway solves the problems of traffic congestion,
accidents, igh vehicle costs, environmental degradation, clean & sustainable energy, loss of

productivity due to transportation, and dependence on fossil fuels for transportation.

The United States Energy Information Agency (EIA) estimated in 2015 that energy smedes

for transportation in the US were 92% petroleum, 3% natural gases, and 3% natunalajbsr

words 92% of our energy for transportation came from hydrocarbons with harmful emissions (EIA,
2015). The objective of the authorsO research is to plosvEpartan Superway ATN completely

using solar energy, drastically reducing the amount of toxic material, i.e., batteries, fossil fuel,
coal, etc., that are used by other modes of transit. The integration of solar power into the Superway
encompasses solpanel mechanical design, solar panel orientations and material, relevant energy
consumption and production calculations, the electrical system design, and most recently the

racking design.

The summer work has made progress in: determining the general pomgimption for the
Spartan Superway, solar panel array designs, general power production of PV panels, electrical
system and electrical rail traction (wayside pigK. This fall progress has been made in:

determine specific module for installationssming locking mechanisms, determining possible
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racking companies, cost analysis of installation and maintenance as well as gathering concepts for
a custom racking system. A fidtale test track is being designed so that the complete system can

be valicated and refined. The rest of this paper will summarize results of research to date.

Description of Solar Team Objectives

The Solar Team had one main objective during the fall interndleiime the boundary
conditions for a the Spartan Superwasgdking system. The boundary condition encompassed:
pre-use fabrication methods, materials for modules (all solar specs), manufacturers, durability,
cost, ease of assembly and installation, maintenance, connecting mechanisms, solar panel
aesthetics, andhalysis of frame and frameless system. The Solar Team wantederstand the
thousands of solar racking companies designs and utilize those that were most effective in the
Spartan SuperwayCategorizing the most effecting system required analyzing lsustals, &
maintenance methods, mechanical components and durahitibther objective was determining
the most efficient and cost effective tHilm, polycrystalline, and monocrystalline module that
can be implemented in our desigighen designinghe frames and rackshe solar team needed
to consider, aesthetics, limiting material, transporting material, automated connections, and a
system that can be implemented in different locations and tracks. To satisfy these designing goals
the solar team need¢o develop a blind connecting maximizer, a curved (implementable) module

frame, flat module frame, and an automated/mechanical connecting racking system.

Previouslyregarding theSimulationand Design; the Solar Team wanteddevelop a power
consumpion simulation tool able to work in different guidewaydays. Also, the solar team

wantedto simulate optimal power productions and orientations of modules, specifically in the San
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Jose area. The solar teamadea basic simulation of the entire electrisgbtem; consisting of all
components from solar arrays to the grid. To satisfy others team's simulations goals, power
consumption equations were developed, System Advisor Model was used to determine power
production, and a basic electrical block diagraitihe Spartan Superway was created. When
designing the solar team needed to consider, aesthetics, limiting material, automated connections,
and a system that can be implemented in different locations and tracks. To satisfy these designing
goals the solarebm needed to develop a blind connecting maximizer, a curved (implementable)

module frame, flat module frame, and an aut@aabnnecting racking system.
03. Design Requirements and Specifications for the Sub-Team’s Work Products
The design will fulfillthe requirements and specifications listed below

¥ Frames need to fit a curved module

¥ Frames need to fit a flat module

¥ Frames must be able to be implemented on track area and structure
¥ Frames need to serautomatically be installed

¥ Frames need to manually ivestalled

¥ Full/semitAutomated cleaning

¥ Rack needs to be easily installed

¥ Rack and frames must be socially aesthetic

¥ Motor is DC making its optimal to use a DC wayside

¥ Needs to power at least 88 vehicles all 1900kg

¥ Structurally sturdy
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04. State —of-the-Art/Literature Review for the Solar Teams Sphere of Work.

Currently, we have three main solar panels that are widely used throughout the world.
There are monocrystalline silicon solar panels, polycrystalline silicon solar panels, afildnthin
solar cells. Each solar panel has its advantages and disadvantages depending on the application foi
which it is used for. Specifically, for the Spartan Superway, the intermediate solar team decided
to select the types of solar panels based on Ocost, efficiiespan, andsimplicity of
manufacturing, and the amount of space allowed to installed the solar panelO (Spartan Superway,
2014) Almost 90% of the WorldOs photovoltaics today are based on some variation oflgilicon.
2011, about 95% of all shipmerig U.S. manufacturers to the residential sector were crystalline
silicon solar panelsLhe silicon used in PV takes many forms. The main difference is the purity of
the silicon.The more perfectly aligned the silicon molecules are, the better the solaillded at
converting solar energy (sunlight) into electricitiig photoelectric effecMathias Maehlum
2015) The efficiency of solar panels goes hand in hand with purity, but the processes used to

enhance the purity of silicon are expensive. Efficiency should not be the Spartan SuperwayOs
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primary concern. As costnd spacefficiency area significantdeterminng factors forour

commercial applicatian

Monocrystalline silicon solar panels are made with high purity silicon as shown in Figure
01. High purity means that the solar cells are packed and aligned extremely well. As a result, the
precise alignments wilhelp convert solar energy to electricity better. OMonocrystalline silicon
solar panels has an efficiency 0f26%, it has the highest efficiency of the different types of solar
panels, a long life span, and produces the most efficient result underiibwdiglitionsO (Spartan
Superway, 2014). Unfortunately, it is the most expensive amongst the three types of solar panel

due to the amount of work to produce precise alignments.

Figure 01: Monocrystalline Silicon Solar Panel example.

Polycrystallne silicon solar panels utilizes raw silicon, they are manufactured by pouring
raw silicon into a square mold. As a result, polycrystalline silicon solar panels are easier to
manufacture and cost less compared to monocrystalline silicon solar panels;deallyee silicon
solar panels has an efficiency 0f18%, in this case, there needs to be more polycrystalline silicon
solar panels in order to produce the same amount of power gotppairedo a monocrystalline

silicon solar panel. A polycrystallirglicon solar panel is shown in Figure 02.

SPARTAN
SUPERWAY

cf




19"

Figure 02: Polycrystalline Silicon Solar Panel Example.

They require more space in order to produce the same amount of power outp€itmrhin
solar cells are easier to mass produce and theeatketically appealing due to the ability to bend.
Unfortunately, thidfilm solar cells degrade faster compared to polycrystalline and
monocrystalline solar panels. A picture of a thim solar cell is shown in Figure 03.
Polycrystalline thiAfilm are made out of two main materials Cadmium Telluride (CdTe) and
Copper Indium Gallium Diselenide (CIGS). CdTe is the most widely used in commercial
applications. Recent research has matched the efficiency of multicrystaline silicon while
maintaining cost leadship (NREL 2016)However this is lots of potential for CIGS which has
shown the highesgfficiency alternative for large scale, commercial thiim solar cells. CIGS

has set records of smatea singlgunction efficiency at 22%.
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Figure 03: Thin Film Solar Panel Example.

When determining racking systems, it was necessary to understand the varies regulations
and standards that would constrain our racking systém.20160California Solar Permitting
Guidebook@CSPG)developed by the SolareBmitting Task Force, The GovernorOs Office of
Planning and Research, and the Office of Governor Edmund G. Brown Jr., explains some of the
regulations we need to ohegaliforniaOs s&tand local governments put in place rigorous
objectivesto expand rengable energyvhich may encourages the implementation of the Spartan
Superway In 2011, California adopted a Renewable Portfolio Standard (RR8h needs a
minimum of onethird of the stateOs electricitycomefrom clean energy sources by 2020. Many
local governmentestablished their own godls renewable energyhich will be explained later
Furthermore Governor Edmund G. Brown Jr. has set a specific goal of developing 12,000

megawatts of smaBcale, lochzed renewable electrical power in California by 2020.

CaliforniaOs state building codes providel requirements for buildings throughout the
state. These requirements astablished in th&itle 24 of the California Code of Regulations
(CCR). The CR is separatedontains28 separate titles based tmpic or state agency authority.

Title 24 reserved for state regulations that govern the design and constructions of buildings,
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associated facilities and equipment. These regulations are also knownsaatélks Obuilding
standardsOCSPG 2016 p. 8). Title 24 applies to all building occupancies, related building
features, and equipment throughout the state. The amieainrequirements for a buildingOs
structural, mechanical, electrical and plumbingtegns, in addition to measures for energy

conservation, sustainable construction, maintenance, fire and life safety and accessibility.

A common misunderstanding is that Title decifically related t@nergy conservation
or accessibility requirements.oiever, it covers a much broader variety of requirements for
buildings.Only Specific areas within Title 24 identify limited amount ofequirements for solar
PV installations such as the California Electrical Code, California Building Code, California
Plumbing Code, California Mechanical Code and California Residential Code (which applies to

residential buildings of one or two units).

State regulations should not be confused with state laws enacted through the legislative process.
State regulations are adopted by state agencies where necessary to implement, clarify and specify
requirements of state law. The California Building Stansla@dmmission and the other state
adopting agencies review the codes and update Title 24 as appropriate. Title 24 is updated every
18 months with a model code update every three years. Several portions of Title 24 govern
installation of a solar energysten. (CSPG 2015, p.8Title 24 covers 5 main categories of codes,
Building Code, Electrical Code, Residential Code, Energy Code, and Fire Code. Below are some

of the relevant regulations the Spartan Superway will be constrained to in each category.
Codes:

The California Building Code (Sections 1.1.8 and 1.1.8.1) outlines the specific
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findings that a city or county must make for each amendment, addition or deletion to the state

building codes.
General Codes:

1. Module manufacturer, make, model and number of modules match the approved plans. (CBC 107.4)

2. DC PV modules are listed to UL 1703. Ac modules are listed to UL 1703 and UL 1741. (CEC 110.3,

690.4 & CBC 1509.7.4 & CRC R908.1.5)

3. Modules are attached the mounting structure according to the manufacturerOs instructions and the

approved plans. (CEC 110.3[B], CBC 107.4 & CRC R908.1.4)
4. Roof penetrations/attachments are properly flashed. (CBC Chapter 15 & 2012 CRC Chapter 9)
5. Rooftop systems aresigned in accordance with the CBC. (CBC 1509.7 & CRC R908.1)

6. Roof access points, paths and clearances need to comply with the CFC. (CFC 60%0%5.31.3.3.3,

CRC R331.4.1 through R331.4.2.4)
7. PV installation shall comply with requirements lod standard plan.

8. PV system operating at 80 volts or greater shall be protected by a listed DC arc fault protection. (CEC

690.11)

9. All work done in a neat and workmanlike manner. (CEC 110.12)

Fire Safety Requirements

1. Rooftopmounted PV panels dnrmodules have the proper fire classification rating. (CBC 1509.7.2 &

CRC R908.1.2)
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2. Conduit, wiring systems and raceways for photovoltaic circuits are located as close as fwotsible
ridge, hip or valley (figure 4.) and closest to an outside wabrder toreduce trip hazards and maximize

ventilation opportunities. (CFC 605.11.2 & CRC R331.3)

Ridge

Hip

Valley

Figure 04: Ridge, Hip, and Valley of a roof.

3. Conduit runs between sub arrays and to DC combiner boxes are installed in a manner that minimizes
total amount of conduit on the roof by taking the shortest path from the array to the DC combiner box.

(CFC 605.11.2 & CRC R331.3)

4. DC Combiner Boxes arlocated so that conduit runs are minimized in the pathways between arrays.

(CFC 605.11.2 & CRC 331.3)

5. DC wiring in enclosed spaces in buildings is installed in metallic conduit or raceways. Conduit runs

along the bottom of load bearing members. (&06.11.2 & CEC 690.4[F] & CRC R331.3)

6. All roofs have an access point that does not place ground ladders over openings such as windows or
doors, are located at strong points of building construction, and in locations where the access point does not

conflict with overhead obstructions such as tree limbs, wires, or signs. (CFC 605.11.3.1 & CRC R331.3)

7. Roofs with slopes greater than 2:12 have solar panel layouts with access pathways that comply with

approved roof plan that meettlfollowing criteria:
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A. Hip Roofs: Panels/modules are located so that there-foat 3vide clear access pathway from
the eave to the ridge on each roof slope where panels/modules are located. ( CFC 605.11.3.2.1 &

CRC R331.4.2.1)

B. Hips and Valleys: If panels/modules aragqad on both sides of a hip or valley they are located
no closer than 18 inches to a hip or valley. If the panels are located on only one side of a hip or
valley that is of equal length, then the panels can be placed directly adjacent to the hip or valley.

(CFC 605.11.3.2.3 & CRC R 331.4.2.3)

C. Single Ridges: Panels/modules are located so that there arefdéwbv@ide access pathways
from the eave to the ridge on each roof slope where there are panels/modules installed. (CFC

605.11.3.2.2 & CRC R331.4.3.2

D. Ridges: Panels/modules are located no higher than 3 feet from the top of the ridge in order to

allow for fire department smoke ventilation operations. (CFC605.11.3.2.4 & CRC R331.4.2.4)

E. Access pathways are located at a structurally sound lo@apable of supporting the load of

fire fighters accessing the roof. (CFC 605.11.3.2.1 & CRC R331.4.2.1)
Electrical Requirements
1. DC modules are properly marked and labeled. (CEC 110.3, 690.4[D] & 690.51)

2. AC modules are properly marked and labeledhown in figure 5(CEC 110.3, 690.4[D] &

690.52)
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Job Address: Permit #:

Contractor/ Engineer Name: License # and Class:

Signature: Date: Phone Number:

Total # of Inverters installed: (If more than one inverter, complete and attach the “Supplemental

Calculation Sheets” and the “Load Center Calculations” if a new load center is to be used.)

Inverter 1 AC Output Power Rating: Watts
Inverter 2 AC Output Power Rating (if applicable): Watts
Combined Inverter Output Power Rating: <10,000 Watts

Location Ambient Temperatures (Check box next to which lowest expected temperature is used):

1) O Lowest expected ambient temperature for the location (T, ) = Between -1 to -5 °C
O Lowest expected ambient temperature for the location (T,) = Between -6 to -10 °C
Average ambient high temperature (T,)= 47 °C

Note: For a lower T, or a higher T,, use the Comprehensive Standard Plan

DC Information:

Module Manufacturer: Model:

2) Module V. (from module nameplate): Volts | 3) Module I (from module nameplate): Amps

4) Module DC output power under standard test conditions (STC) = Watts (STC)

Figure 05: CEC 110.3 document for listing or
labeling equipment.

3. PV modules are in good condition (i.e., no broken glass or cells, no discoloration, frames not

damaged, etc.). (CEC 110.12[B])
PV Source/output Circuit Conductor Management

1. Cables are secured by staples, cable ties, straps, hangers or similar fittings at intervals that do not

exceed 4.5 feet. (CEC 334.30 & 338.12[A][3])

2. Cables are secured within 12 inches of each boxnetlionduit body or other termination.

(CEC 334.30 & 338.12[A][3])

3. Cable closely follows the surface of the building finish or of the running boards. (CEC 690.4[F]
& CFC 605.11.2 & CRC R331.3) NOTE: see Section 12 below for additional requirements on

routing of conductors for fire fighter safety concerns.
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4. Exposed single conductors, where subject to physical damage, are protected. (CEC 230.50[B] &

300.5[D])

5. Exposed single conductors used for ungrounded systems are listed and identified ag QPV wi
(CEC 690.35[D][3]) For other conductor requirements for ungrounded systems, see CEC

690.35(D).

Description of Designs

Throughout the process of determining effective designs there was never a solidified design
for our ATN track. Because there was tnack design to reference multiple variations of teack
must be accounted foFhere were multiple constrains to take into account: support beams are 24
meters apart, most commercial aluminum or galvanized steel beams are limited at 40 feet, the
design mst have aesthetic capabilities, and efficiently installed and maintaittichdreds of
different racking systems were analyzegaminingunique components, durability, installation,
maintenancand costThree main racking categories were analyzed, sy&te pitched roofs, flat
roofs, and ground mountélso another option of solar panels known as Building Integrated
Photovoltaics were analyzeBelow are the designs that were determined to fit best in our system

and their corresponding description
Canopies

One of the Canopidahat contained the aesthetics the Spartan Superway desired was the
Burke Solar Pavilion in Cincinnati, Ohghown belowThe solar canopy only produced 368.73
kW with 1,505 panels. The panels were 245 W poly Sunm@hbl& panels. One 260 kW inverter

and one 100 kW inverter were used. The system features a gently curved design to match the
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existing aesthetics present on BurkeOs LEED Gold -severcampus in downtown Cincinnati.
Thesolar installation generate appnuxitely 30% of BurkeOs electrical generation requirements.
Burke employees use the solar pavilion for break times, lunches, company gatherings, and team
meetings.The distance in between supports was roughly 10 meters, however the current design

concepts fothe track only allow require a length of 24meters.

Figure 06: The Burke Solar Pavilion in Cincinnati, Ohio

The other canopthatutilized thecurvedaesthetics was the Solar carport installation on
Plantronicsshown in figure 6The installation at Plantronics was done by our own Ron Swenson
which allows us access to the crucial CAD files. The installation produced 608 kW with 2,482
solar panels utilized 245 W mono Sunmodule panels and 5 PV powered invidréedsstance in
between supports was roughly 10 meters, however the current desgptefor the traclequire
a length of 24meter#. the supports could be replaced by the roof of the track, it would allow the
us to have small incremented supports as well as addisapabrts at 24 meterso utilize the

24 meter support however would require a custom length beam.
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Fig 07: Solar canopy installation for the Plantronics headquarters.

The modules were designed to have a 5 degreesO increment to achieve the aesthetic curve
However,in this design the modules are welded to the curved beam which may not be ideal in the
Spartan SuperwayOs circumstances as seen ddtmst of the fabricatin is done directly on the

canopy
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Also, removing the existing modules is more diffictitan desired for the Spartan
Superway. To remove a corrupted module a company will need to réhebiegd screens below
the section of the corrupted module. Then worker will come from above on a cherry picker or
possibly below with a scissor left shown in the figure below. In the figure you can see a worker
bringing up the modules on a scissor lifdamother worker drilling in modules on a cherry picker.
Also to cover the seams in between the inclined modules there were metal sheet put over the seams
which has led to leakage issudaother concern is that the maximum distance in between supports
is designed foi8 meters, however these designs could beeltén support a 2theter system

utilizing custom length beams.
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Figure 09: Module uninstalling/Installing process in the Plantronics Solar Canopy.

Sloped Roofs

Standard Solar created unique curved design for one of their installations, however after
contacting the company, they are very hesitant to release any information such as pictures.
curved design is an aesthetic the Spartan Superway would like toeggcme very few companies
have managed to design working version. Standard 8etagned and installed the solar power
equipment atthe University of Denmark. UD wanted to construct a significant electricity
generating solar PV system, but was limitedloy capital outlay of such a large installation. A
significant challenge to this project was one of the initial sites chosen, the UD Field House, that
features a half barreshaped roof. Although the shape of the roof is nearly ideal for solar, the

instalation of flat solar modules on a rounded roof presented the team with quite a challenge.
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This installatiorrequired reengineering some of the mounting hardware and special safety
equipment for the crew, among other thimgsch are proprietaryl' heir system resulted id,035
megawatthours (MWh) of energginnually, enough electricity to offset 906 tons of carbon dioxide

annually. The decline in emission would equate to the use of 93,363 gallons of gasoline each year.

‘. \\‘
s S

Fig 10: Standard Solar’s curved solar roof installation.

A benefit of Standard Solar is that they pride themselves on their strong connections with
leading vendors and utility companies. Standard Solar is NABE#Hitied PV Installation and
partner with Vigilant Energy Managemt to offer operation and maintenance solutions. Although
Standard Solar does not give information regarding their mechanical components, it seems they
use the standard bolt and screw mechanism that most companies Stdizgard Solar claims
they wereselected because they offered a turnkey solution including finance, design, construction,
operations and maintenance at a cost that was lower than UDOs current electricity rate. Standarc

Solar designed, installed and will own and maintain the system HnstdD.
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Another option is using a thifim canopy. Konarka installed a thfiim canopyin a

parking lot as shown in fig

Figure 11: Konarka solar canopy

The Konarkosolar canopy uses 8.4% efficient cells however these can be replaced by more
efficient thinfilms. Also thinfilms can usually be printed at any custom size, so it will be able to

span the 24 meter distance of our support beams.

Flat Roofs

The SnapnRaclsystem features snaip installation and integrated bonding hardware that
leads to an overall reduction in material costs and dramatic reduction in labor. It is also UL 2703
certified and Class A fire rated for Type 1 and Type 2 modules ensuring ingiedieide the best
in-class installations in quality, safety and efficientige standard rails used in the SnapNRack
system is compatible with all components, allowing installers to manually snap in clamps, base
attachments, etc. The company has multi@enps; Module clamp has two bonding pins, making
sure the module is not just only bonded to the rail but to the entire clamp. The Universal End
Clamp (UEC ) is a unique ormzefits-all time saver that slips inside the module fraBe

completely out of silgt. SnapnRack also has a screen that can be installed below the SnapnRack,
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preventing rodents and other animals from destroying the racking system and madules.
components have been through a load and torque analysis and has compliance certifications and ¢

UL module certification.

Fig 12: SnapnRack solar racking system.

Building Integrated Photovoltaics (BIPV)

A

Figure 13: Solar glazed Building Integrated Photovoltaics.
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Building integrated photovoltaics (BIPWgve three significant advantages. BIPVs can
bean aesthetical, economical and technical soldbomtegratingsolar cells within the climate
envelopes of buildings. Photovoltaic (PV) celte conventionallynountedon aboveor directly
onthe existing roofingstructure BIPV systems replace the outer building envel@eparator
between the conditional and undaiional environment of a buildingkin allowing BIPVs tobe
utilized simultaneously as both a climate screen and a power s@@&cause the modules can be
utilized for multiple usesBIPVs may provide savings in materials and labor, in addition to

reduang the electricity costs.

In addition to specific requirements put on BiBV technology, tiis crucial to abide by
satisfactory or strict requirementswéter resistancand durabilitywhen implementing BIPV
products. Issues like he@ndmoisture trasport in the building envelope also have to be
considered and accounted foossiblephysical problemsThe work done by professor Bjorn
Petter Jellefrom both a techinal and scientific poinperspective, summarizes the generalities of
the current statef-the-art for BIPV systemsincluding both BIPV foll, tiles, moduleand solar

cell glazing products.

Figure 14: Examples of a BIPV tiles (a) and BIPV modules (b) (Applies Solar, DuPont)
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Figure 15: Example of a BIPV as solar glazing products for facades (a) and roof (b) (ASI Glass

photovoltaic module, Schott Solar AG).

Thin Film:

Table 01: Literature data for one of the building integrated photovoltaics (BIPV) foil products.

n U I Arca Prar/Area
Manufacturer Product * (%) (‘;'; ( A‘) Prnax (W) FF (nma % ) (T\;Irnz)
Alwitra Gmbl & Co. Evalon V Solar 408 138.6 5.1 408/ module 058 1550 = 6000 429
Evalon V Solar 136 16.2 5.1 136/module 058 1050 = 3360 38.5

* Several models are available from the producer in the Evalon V Solar series.

|\\ _— e

‘

“

Figure 16: Example of a BIPV foil product from Alwitra GmbH & Co. using amorphous silicon cells
from Uni-Solar.

BIPV Foil Products BIPV foil products are lightweight and flexible, wipobmoteseasy

installation aesthetics designsnd reducing weightrothe systemThe PV cells arenost

commonly derivedrom thin film cells to maintain the flexibility in the foil and the efficiency

during high temperatures fon nonventilated roof solutions. Unfortunately, Jelle claittere

are few manufacturers ohe market that provide weather tight solutions. Table 1 and Figure 3

present an example of one BIPV foil produ@slle p.2, 2016)
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PV foil products have a low fill factor due to both the low efficiency and the large solar
cell electrical resistances thfin film cells. However, due to their flexibility and relatively low

weight, these solar cell foil products may easily be applied to a lot of different building surfaces.

** TheFill Factor (FF) is essentially a measure of quality ofg¢blar cell. It iscalculated by
comparing the maximum power to the theoretical powertffat would be output at both the

open circuit voltage anshort circuit current together

Mono/Poly-Crystaline:

BIPV Tile Products: BIPV tile productsan be utilized to covehe entre Spartan
Superway Transit or sections of the trardibno/Poly-Crystalline BIPVS ee usuallyarranged
in modules with the appearance and properties of standard roof tiles and substitute a certain
number of traditional roof tilegllowing convenientetrofitting of roofs. The cell efficiencgnd
tile shape varies. Some tile products may resemble curved ceramithéiteere commonly seen

on roofsand will not be as area effective divehe curved surface. However, curved tiles, or
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other geometric shapesay be more aesthetically pleasing. Some examples of BIPV tile

Table 02: Literature data for some of the BIPV tile products

Area Peus/Arca
Manufacturer Product * n (%) Uy (V) L (A) Prnax (W) FF (mm X mm) (-\:Iml)
Solardachstein STEPdesign 23.15 240 1.36/cell 0.76 8 units 100 x 100 136
SRS Energy Solé Powertile 63 46 15.75/module 0.54 868 x 457.2 m7
Lumeta Solar Flat Tile 74 52 28 /module 073 432 x 905 716
Solar Century C21e Tile 20/cell 120 5.55 52 /module 0.78 1220 x 420 1015

* Lumeta has also a Solar S Tile available.

Figure 17: Example of a BIPV tile products from SRS Energy (a) and Solar Century (b).

products on the market today are giveable 2, withtwo of them depicted in Figuré

Solardachstein, Lumeta and Solar Century (Table 2) provide the highestBIPy/ Tile
productsjndicating high effecienciesSolar Centurglaims to haven efficiency of 20% per cell
for their C21e Tile. The design concept of the STEPdesign and the SolZ Paweritéutions
that appear replace standard roof tilese module has an integrated panel of poty
monocrystalline cells. i.eparts of the module are not covered with PV cells, thus the total area
efficiency will not be as high as indicated. The STEPdesign solution from Solardachstein can be
mounted on several different tile products. The C21e Tile from Solar Century hag atasge
exposed to the suhan the previous produgtsinceThe C21monocrystalline silicon cellscree
the entire module area, and is suitdbleaseries of named tiles and slates. SolZ Powertile from
SRS Energy has a design much like standard rosfaitel the amorphous silicon cell cover from
Uni-Sola acts as the skin of the tiles
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BIPV Module Products

The BIPV module producire slightlysimilar to conventionabolar panels, however
The differencas that the BIPV modules are made with weather skin solutions. Bi?ve
solutions willsubstitute various catagoriesroofing, or theyare compatible wh a specific roof
solution produced by its manufacturer. These mounting systems increase the ease of installation.
Several products are on the market and some of them are promoted as BIPV products without in
fact functioning as weather skins, whereas iogineducts are not very specific on how they are
actually mounted which leads to uncertainty whether the ¥ or BAPV. Some of the BIPV

module products are premade modules with thermal insulation orcotimgonentsncluded in

Table 03: Literature data for some of the BIIPV products.

Area P/ Area
Manufacturer Product * n (%) Uy (V) L (A) Prnax (W) FF (DA ¢ n) mlm’)
Creaton AG Creaton Solesia 13.86 3.46 GO0/ module 077 1778 x 355 1426
Rhuilw.i.nk PV Quickstep 17.10 5.12 68/ module 078 2000 x 365 932
Abriass Noler Peak On P220-60 132 %677 822 220 0.73 1667 % 1000 1320
Peak On P235-60 146 37.21 348 235 0.74 1630 = 1000 144.2
ANT P6-60-230 14.07 3677 85.42 230 0.74 1658 x 986 140.7
vy 17.7, 24.20, B.77, 0.75, 1332.5 x 929, 129.36,
DuPont Gevity 17.7 2443 8.57 160,165  g¥g 13325 % 929 1334
Suntech MSZ-190]-D 452 5.62 190/ module 075 1641 x 8345 139
MSZ-90)-CH 224 529 90/module 076 879 x 8435 125
Schott Solar InDax 214 125 363 8504 1769 x 999
InDax 225 131 335 6.60 1769 x 999
Solar Century C21e Slate 20/cell 120 555 52 078 1174 x 318 1393

* Several models are available from various producers.

- i g e
m
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Figure 18: Example of a BIPV module products from Creaton Ag (a) and Rheinzink (b).
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thestructure of thenodule Some examples of BIPV module products are given in Table 3, with

two of them depicted in Figure 5

The given FF values for the BIPV module products in Table 3 are approximately the
same. The efficiencies for Abakus Solar AG products in Table 3eaine2bn 13.2% and 14.6%,
DuPont provides an efficiency of 17.7%, while the Schott Solar modules are stated with
efficiencies 12.5% and 13.1%. Solar Century gives an efficiency of 20% per cell for their C21e

Slate
Solar Glazing

BIPV as solar cell glazingairoducts provide a great variety of options for windows,
glassed or tiled facades and roofs. Different colors and transparencies can make many different
aesthetically pleasing results possil8elar PV Glass design consists of Solar PV Cells that are
built into transparent double and triple glazing units. Solar PV Glass can easily be integrated into
roofs and building facade systems. It is generally available as a comprehensive package,
complete with all the necessary electrical components and equipmemspaérent Solar PV is so
called to differentiate it from the commonly available crystalline Solar PV Panels which are
opaque. The word transparent refers to the background material e.g. glass and not the Solar PV
Cells themselves, which are opad@me star cell glazing prodct examples are given in

Figure 19
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8291&'(i7";"3&%23%$%&'6232"./%',/<&',/12%'4&11'#12="-#">%/6$43,

Manufacturer Product * (.;.1) t’l\‘;‘,' ‘lx‘) Prnax (W) FF (mmA::nm) P("‘;‘/:;: n

Abakus Solar AG Peak In P210-60 650 770 2000 x 1066
Vidursolar FV V516 C36 P120 216 763 1600 x 720

Canae A ohaipeact-T-Mona 93 197  100/module 055 2358 x 1027 413

Schott Solar ASI THRU-1-L 6 11 055 48 0.79 1122 % 690 62.0

ASI THRU-4-10 6 11 222 190 0.77 1122 x 2619 64.7

Sﬂp;)g:i::iﬂx f‘m‘m’;ﬁ‘j'""ﬂ 5/cell 32/cell 576 x 976/cell 50

Poly-crystalline 16/cell 1.46-3.85/ cell 156 x 156/cell 120

Monocrystalline ), 290-3.11/cell 125 x 125/cell 155

high efficient

* Several models are available from various producers.

"#$%&'?@B2<>1&'/.",/12%'4&11'#12="-#">%/6$43,".%/<'C2>2'D$"16"-#'CE,3&<'$,&'&"3F&%'2</%
>/1E4A%E,3211"-&'/%'</-/A%E,3211"-&'4&11,'H"3F'6"..&%&-3'6",32-4&'9&3H&&-'3F&'4&11,

The solar cell glazing modules will similarly serve as weather protection as well as a power
source. The distance between solar cells will depend on the desired transparency and the amount
of energyneeds to be produced. Normally the distance is on average around 3 to 50 mm in between
solar cells. Surprising)ythe high efficient monarystalline glazed modules of 155W pef will
have an almost identical power per area as a regular-orgsialline nodule shown in table 8t
139W per M. Solar glazing also usualbfferscustomized products for specific projects, regarding
shape, cell material, color transparency etc. giving the Spartan Superway many different options

to choose from.

Work is also undrway to define concepts for mounting the array and improving the
assembly process of the solar panels on the guideway. An important consideration for the whole

solar design is to make maintenance be relatively easy. A goal of ours is to design a yatiing s
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for the solar panels to have an automated connection. To do this we also had to design Oblind

connectionO maximizer, figure 05, so each array can essentially clip into each other.

I"H$%& I¢')/-4&>3'."3F &' I1">")/--843"]- K2B"<"=&T%p

Theracking system is designed to reduce material by allowing all electrical connection to
be snapped into a side electrical rail that will in turn connect to the third rail. All of the mounting
and racking designs were assumed to be implemented on SpapeEmv8yOs old test track as

shown below in figure 06.

"#$%&'17C>2%32-'C$>&%H2EL,'/16'8&,38%24

There are two tracks for the solar panels rack, figure 07, one of the tracks will be on the far

right or far left of the rail, and the other track will be connected to the support beams that hold up

SPARTAN
SUPERWAY

cf




$("

the rails. One track to utilize the ribs on top of théng as support, and the other one to utilize

the support beams.

"#$%48l' *"N24M"-#'CE,38&."-#"'<>1&<&-3&6"-'3&,3'3%24M',3%$43$%&

Each track will use the same OCAM LOCKO mechanism that is essentiathegr®® lock and
opening mechanism as Shown Below. On the rack connecting the support beams; there will be
three of this Cam Lock that connects to a support plate on each of tloetggom. The rack on

the support ribs of the track will on use two Cam Lock mechanisms.
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"#$%&'1*"O-'3F&'1&.3",'2-'&B3%$6&6'>123&'3/"."3'3F&'F&26'/.'3F&'IPK
1/423&6'/-'3F&'%"#F37
For the support best track, there will be a connectieghanism that slides inside of each
support beams, and becomes drilled into the support beam. The connecting mechanism allows the
cam lock to tighten the support beam plate as shown below. With the sprocket and chain it gives a
basic example of all camdks tightening by turning one. It very important to note that the racking
system will only be slightly altered dependent on the solar panel frame design, and track design,

and manufactures; all of which are still in progress.

"#$%&'1Q0-'3F&'&.3",'2',>%/4M&3', E,3&<"./%'1/AM"-#G'2-6'/-'3F &' %"#F3
JPK'1/4M'4/--&43"-#"-,"6&'3F&'3%24M',$>>/%3,7

The first concept design is a module composed of 12 PV panels arranged in an arch and

fixed in orientation. The second initial concept desigpports a module composed of three-thin
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film photovoltaic cells bent into an arched shape. This concept integrates a tracking system that

changes the tilt of the modules to guarantee an optimal tilt angle for each season of the year.

The panels hava tilt angle of at least 1@o reduce losses due soiling (Cano, 2011).

Figure 25: Initial concepts design of the mounting array for the solar panel modules.

The optimal tilt angle is a function of the latitude and the season of the year. Landau, 2015,
proposed a group of equations to determinate the optimal tilt angle based on how many times
during the year the tilt angle is chang#ds also essential that the frame of the mounting array to
mechanically snap into the racking system as describecpstyi To do this the maximizer will
snhap modules into array. The support pieces that connect the mounting array to the racking system
will have a central electrical component that will act as the last maximizer connecting to the

electrical connections thé implemented into the side of the rack.

Other options for serautomated locking mechanism were analyzed. One was a simple
tubular lock that is commonly seen on door knobs. Most doors specifically have bores that are

custom design fotubular locks Bown in figure 26
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Plug (Yellow)
Shear Line

Figure 26: Diagram of tubular lock, (red)
key and (blue) driver pins.
Each complete pin stack is pusl{adth help fromthe designatespring towards the front
of the lock. This binds the shear line and prevents the plug from turning (colored yellow in the
diagrams.) The difference with a tubular key and a standard key is that instead of the cuts of a key,
a tubular key has haffylinder indenations with map to the height of the pin stack. It also means
that duplicating a tubular key requires different machinery making it difficult for people in the

public to remove.

Figure 27: key fitting into tubular lock,
(red) key and (blue) driver pins
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The top center of the interior of a tubular key features a raised protrusion that aligns the
key in itOs proper configuration to map to eackipinbler stack. When the key is inserted, those
mapped heights align, causing the shear line to separdtallow the plug to turn from the outer

shell (green in the diagram below.)

Figure 28: key twisting in tubular lock,
(red) key and (blue) driver pins

The Yellow plug will attach to a cam lock mechanism and will be ablectoitoa groove

shownin figure 29

"#$%&'[@2<'1/4AM'<&4F2-",<'4/--&43"-#
3/'3$9$12%'1/AML,">1$#'2B1&7"
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Cleaning

DOs:

Choose a cool or cloudy day; preferably during the morning or early afternoon.
Dust off debris first before pouring down the water.

Lukewarmwater and mild soaps are the best.

Isopropyl alcohol can be good for clearing out oil stains.

An air hose can be used when water is scarce.

Avoid hard water for final wash.

Dry off any extra water with soft towel or cloth.

Solar panels cleaning kits aaso very useful.

DONOTs:

Never rinse with cold water while in a hot sun. Sudden temperature change can create
cracks in the glass coating on the panels.

Never use abrasives.

Better not to use aggressive detergents, scrubbers or acidic soaps; snfiodibithscare

best for rubbing off the extra water. (It is not recommended by solar panel manufacturers
to use chemicals to clean your panels. Tap water and rain water will not clean solar panels
sufficiently to keep them running at maximum efficiency.rdsiletergents to clean solar
panels leaves a sticky microscopic film on the solar panel which actually attracts dirt and
grime. Again, this will lead to your solar panels not running efficiently)

Never scratch the glass, not even to remove hardened bipgidgs! No metal can be
rubbed against the glass.

No need to clean the underneath wiring.
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Researchers from the University of San Diego found that for a 145 days during a summer
drought in California, modules lost around 7.4 percent efficiency due to pollution. On average
modules lost little less than .05 percent of overall efficiency per dawekkr, considering the
Spartan SuperwayOs 19,600 module system with approximately 360W panels, the efficiency loss
of 7.4% in the first 12 months would drastically effect the 10.4MW system. A study was done at
the Toyota Solar Farm that suggested thi%o/efficiency loss would rise to %10 percent after 23
months. The 10% loss of efficiency would result in 1960kWh of the Spartan Superway to be loss
every day, which calculated for a whole extra year to recoup the initial outlay. After examining
the theoried maintenance cost for the Spartan Superway, and the efficiency benefits; a semi
automated cleaning mechanism was decided to be implemented in the solar racking system.
(University of San Deigo, 2013). Multiple companies were contacted, however maninglea
companies do not have or follow the proper regulations in California. Below are some of the

possible options that can be implemented in the Spartan SuperwayOs racking system.

The selfcleaning technology was developed by Boston University profesalaylK.
Mazumder and his colleagues, in association with the National Aeronautics and Space
Association The robot utilizes something knowndegposition of a transparent, electrically
sensitive material on glass or on a transparent plastic sheet thatmomlides Sensorsre
integrated tononitor dusiconcentrationsn thetop layerof themodulesand energizethe
material when dust conceation reaches a critical level. The electric chasgeels dust in wave
sover the surface of theaterial, lifting away the dust and transporting it off of the screen's
edgesThe company claims that their electric deposition metkatbves about 90 perdesf

dust on a solar panel within two minutes. Bhectric depositiomeportedly requires only a small
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amount of theelectric currengenerated by the panel for it to work. On top of that, the robots are
capable of cleaning 10MW of solar panels in onétegur shift with a thre@erson team

operating six robots (pvsolarreport 2013).

Figure 30: Maraikikai’s Wall Walker: a water-free automated module cleaning robot

Another solution is the éliotex system shown in figure 30nce the Heliotess installed
and programmetb the Spartan SuperwayOs ngiéasll only require attention such as the
occasional refilling of the soap concentrate and replacement of the deionized water filters. The
system can be progranech to wash and rinse as regujaak desiredHeliotexplaces customized
spray nozzleat the corners of each panel. The spray nozzles cotanine existig water
supply shown in figure 300 run the controller for the system a 110V power supply is required.
The specially formulatedbsp concentrate is mixed into the line for the wash cycle to clean the

panelsand rinsed twiceHeliotex recommends that the panels are washed
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Figure 31: Heliotex automated water-powered solar cleaning.

aroundeveryl to 2 weeks and rinsed eve®to 3 days to keelirt build upand debrisat
a minimum. Heliotex sathat for a regular 56olar panel residential system seap and filters
will need to be replaceapproximately once evemonths, assuming the system is washed
every two weekdHeliotex claims that theystem can be adapted to any panel array
configuration, whether 20 or 20,000 panélswever Heliotex does not have experience with
curved configurationd-eliotex offer a 10 year warranty on all parts in the system and can also
provide a security fastener for securing the solar psystemThere were very little information
on the amount of water used for rinses, however this may play a significant role in the cost of the

system.

The E4 wateifree, robotic solution fronkEcoppiacleans panels every day with a soft
microfiber and gentle air flow. Floating over a frame that travels alongside each row of panels,
Ecoppia claims the E4 removes 99% of dust during its dailyiciga. Each E4 robot has its own
solar panel, so no power is taken from the solar row itOs cleaning. Headquartered in Israel,
Ecoppia has cleaned more than 5.1 million panels since forming in 2013, mostly in the dusty,
desert regions of the Middle East.Wever, after contacting them they said they would not be

able to sell the robot in the United States. However, this is such a brilliant idea that | feel the
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Spartan Superway can design a robot to do ¥sller, a 308megawatt solar plant spends more
than $5 million annually on cleaning and lose approximately $3.6 million in energy production
from lost to dust. Eccopia costs around $11 million for this large of an installations, which can be
recovered in 18 months, and also translates in 110 millionngatibsaved water over 10 years

(TheGreatEnergyChallenge 2014).
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Solution: Manual Cleaning Services

When looking at manual cleaning solutions g¢fffiectivenessnd price all depend on three

main factors.Accessibility, essentially is the effort required to clean the specific modules.

Conventionally the more challenging itésclearto clean the Spartan Superway, the more we will
be chargedFrequencyis essentially how often do the modules need to be cledinedprice for

a oneoff clean will be much more than a normaim®nthl clean.Dirt Accumulation,is simply

how dirty have the modules become since installa#ogleanng schedulewill be determend
depending on the duration of the installation gtrednumber of timethe system has been cleaned.
For most installs this will be 6 monthly, but it may be as often as every 3 maéhehsarticle

Olmpact of Soiling and Pollution on PV Generation Perforn@@day Jessie Denver explains that
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the most lost from soiling we will see in the city of San Jose is approximately %6.0 annual loss
from dust. The impact of sefpermanent energy loss due to unusual pollution sources was
analyzed as well. A PV array locatéd m from a rail line was examined. Results showed Strips
of pollutionthat stayed even throughout seasonal rains. Modules conkegielévels of iron dust

from the railway lines. The strigd pollution also containegollen and growth ahtrusiveplants.

After the efficiency loss of-80 percent over four yearthe modules were cleaned and most of

the power loss due to pollution was reversed.
Sunflare Maintenance explains the general process for cleaning services:
1.! Inspect site prior to work being ermed. Note any hazardous conditions.

2. Cover all electrical equipment, i.e. inverters and combiner boxes, beneath area to be

cleaned with tarps prior to cleaning.
3.I Use of aerial man lift where required to reach surface of solar modules to be cleaned.
4.! No chemicals or abrasive cleaning are applied to solar modules during the cleaning process.

5.I Surface of solar modules to be visually inspected prior to cleaAlhgccumulated debris

to be removed from array surface.

6. Spray down all solar modules with watémanimal pressure(No high pressure washers

are to be used.)

7. Water to be conditioned through water softener prior to application. This is done to

minimize mineral deposit.
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8. In heavy soil situations a soft bristle automotive style brush to be used toflewea
accumulated soil on surface of solar modusishes are designed to avoid causing micro

fractures or scratches on surface of solar modules.

For a 10MW system an effective manual cleaning would take easily 24 hours, requiring
the entire Spartanuperway to shut down every cleaning (PVsolarreport 2013). Homewyse
estimated for panels to be cleaned by a franchise cleaning company is approximately $173 for 5
panels considering a Olight cleaninfid)s estimate was verified by Clean Solar Solutions who
say $35 is the average price for a credible cleailingt approximatelgquates t&680,000 a year
to clean 19,600 panels on the Spartan Superway. However, another estimate from PV CleanerO:s
executive summary states that professional cleaning servieegedmpproximately $6.25 per panel
for cleaning residential PV solar panels, representing $150 for a single cleaning of a typical 24
panelsel, 5.5kW resiéntial solar panel installatioThis would be approximately $100,000 to

clean the Spartan Superwayhich is more reasonable for a commercial cleaning.

A Local company, Solar Maid, are highlgviewed and provide great deals, currently they
will wash 40 panels for $99, which is essentially $2.475 per panel for resi8etdasmaid 2018)
At the residentOs price per panel it would cost $48,000 to clean the Spartan suffeeway.
commercial price for the Spartan Superway is still being discussed by the cormparyer a
quote given by Jay Welsh estimates for the Spartan SuperwayOs 19,608 ritodili cost
approximately $13,550 to service the modules fotd 9 days.Manual cleaning would estimate
total of %3%6 efficiency increase compared to an automated cleaning system improving the
efficiency by approximately %10. The Ecogprobot fa example, would cost approximately
$366,600for our 10MW system, ahwould save$857,032 in energy considering the San Jose

electricity rate of 14.08 center per kWh and a 10 percent efficiency reduction at the start of the
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year. The manual cleaning woutdst on average $150,000 and would save around $255,000 in
energy. These results show that A raboleaning saves about two times more dollatbe initial

cleaning and would be essentially be free (despite maintenance) for future cleanings.
Financing

Last summer in the paper OCase Study of a Solar Power Installation for an Automated
Transit Network in San JosZO the financial aspects of the proposed module system was analyzed
The SunEdison SR360EzC4y modules were considered with a nominal powappiroximately
360.192 Wdc with an nominal efficiency of 18.42%. The system requires an array size of 7045
kwdc essentially requiring 19,548 with 12 modules per string and 1,629 strings in parallel. The
price was of the SunEdison module was estimated drdiBcents per watt and the Advanced
Energy Industries AE 500NKIE was around .21 cents per watt. The module installation is
estimated to cost around $4,435,851.50 and the inverter installation around $1,478,617 (System
Advisor Model, 2017). However, thegosts do not account for the price of hardware, installation
labor, and other soft costs. Many companies and solar customers keep the financial aspects of
project hidden making it very difficult to get an accurate estimate of the Spartan Superway. The

National Laboratory of Renewable Energy published the article OU.S. Photovoltaic prices and
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Costs BreakdownsO which give a general estimate of the components the SyssemMabiel
neglects. In figug 33the cost for commercial systems similar to the Spartan Supevaualyg be
approximately $2.15 per watt. The residential and commercial benchmarks represent rooftop
systems, with residential systems modeled as pitobefdinstallations and commercial systems

modeled as ballasted fladof installations. The utility berhnmarks represent growmdounted,

Benchmarked Prices and Price Breakdowns
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"#$%&*'C/12%'D&-4F<2%M'0%"4&,'2-6'D%&2N6/H-,
fixed-tilt and singleaxis tracking systems. The hardware category includes modules, inverters,
racking, and all balaneef-system (BOS) hardware required for a complete system. The soft costs
other category includes albn-hardware and neimstallatiorlabor costs, primarily overhead and
customer acquisition in the residential model and EPC (engineering, procurement, and
construction) overhead/profit and development costs in the commemaealitility-scale models

(NREL 2015). Modules were estimated to range from $@®Z4 per watt, inverters were
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approximately $0.280.34 per watt, Racking $0.€8D.14 per watt, and BOS material $0.20 per
watt and $.72 per watt for overhead costs. Utilizing the NREL data in the SgamenvayOs

solar installation we can see that with a 7,045 kw array size it would cost around $15,076,300
considering all soft costs, installation labor, and hardware. Below are compared prices of
TrinaSolar, Hanwha, Canadian Solar, REC, and Solarwot#dsacking systems for a flat roof,

sloped roofs, commercial building.

' System 50 KW 75 KW 100 KW 250 KW 500 KW 1,000 KW PV Module
Origin

Trina, Hanwha or | $67,275 | $99,157 $131,040 $327,600 $638.,400 $1,220,800 |China
Canadian Solar 3526sq.ft. | 5288sq.ft 7.051sq. 1t 17628sq.ft. |35256sq.ft. |70513sq.ft

REC $67.,275 $99.157 $131,040 $327,600 $638,400 $1,254,400 Singapore
3274 sq. 1. 4911sq.1 6,548 sq. ft. 16,369 sq. ft. 32738sq. 1t 65476 sq. ft

SolarWorld $75,900 ‘ $111,870 $147,840 ‘ $369,600 | $694,400 $1,332,800 USA,
3,342 sq. fi. 5,013 sq. 1. 6,684 sq. fi. 16,710sq.ft. |33420sq.ft. | 66,840sq. 1t Germany

Table 04: Compared pricing of solar racking companies on flat roofs with regards to kw array
size and area.

System SOKW 75 KW 100 KW 250 KW 500 KW 1,000 KW PV Module
Origin

Trina, Hanwha or | $56,350 $83,055 ‘ $109,760 $271,600 $526,400 $996,800 China
Canadian Solar 3526sq.t. |5288sq.ft 7.051sq. ft. 17,628 sq.ft. | 35256sq.t. |70513sq. 1t

REC $56,350 | $83,055 ‘ $109,760 $271,600 $526,400 ‘ $1,030,400 | Singapore
3274sq.ft. | 4911sq.ft 6,548 sq. 1t 16,369sq.ft. |32,738sq.ft. |65476sq. 1.

SolarWorld $64,975 | $95,767 $126,560 $313,600 $582,400 $1,108,800 | USA,
3342sq.ft. |5013sq.ft |6684sq.ft. | 16710sq.® |33420sq.ft |66840sq.ft | Germany

Table 05: Compared pricing of solar racking companies on sloped roofs with regards to kw
array size and area.
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System 50 Kw 75 KW

Trina, Hanwha or | $52,900 $77.970
Canadian Solar 35265sq.1t 5288 sq. 1t

REC $52,900 $77,970
3274 sq. 1t 4911sq.1t

SolarWorld $61,525 $90,682

3,342 sq. . 5,013 sq. 1t

100 KW

$103,040
7.051sq.1t

$103,040

6,548 sq. t

$119,840
6,684 sq. fi.

250 Kw

$249,200

17628 sq. 1t

$249,200

16,369 sq. ft

$291,200
16,710 sq. ft

500 Kw

$481,600

35,256 sq. fi.

$481,600

32,738sq.1t

$537,600
33,420 sq. fi.

1,000 KW

$907,200

$940,800
65,476 sq. ft

$1,019,200

66,840 sq. fi.

&#'

PV Module
Origin

China

Singapore

USA,

Germany

Table 06: Compared pricing of solar racking companies on carports with regards to kw array
size and area.

The data above shows that the average price considering only the hardware: for a flat roof

system is 1.04 center per watt: for a slope roof system .98 centers per watt: for a canopy system is

around 1.26 cents per watt. Comparing the average of thes¢heitralue from NREL gives

around a 12.67% difference, showing these values are accurate. Utilizing this information for the

SunEdison Module as described before, it will cost approximately $0.63 per watt for the module,

$0.21 per watt for the inverter, 0. per watt for the installation labor, $.72 for overhead costs

and approximately $0.14 per watt for the racking system, a full installation would cost around

$13.5 million.

The global market for BIPV is expected to grow from $1.8*1079 in 2009, to $8"9*h

2016, according to consulting Prm NanoMarkets, however the BIPV technology is still rather

expensiveat around $32 per watt(Jelle, 2016). Furthermord, is important to notdhat the

building sector is rather priegensitivewhen implementing nprojects Due to the fact thaBIPV

is still far from beinga thoroughly developed technolggyncertainty about BIPV and their
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implementation is another crucial aspect to be considered. This uncertainty includes many factors,
such agnstallation, electcal aspects, safety issues, integration aspects, building physical aspects,
protection versus climate exposure, durability, maintenance, demolition, life cycle assessment,
possible to sell surplus electricity to the grid or not, architectural aspeotsrend. Naturally, all

these factors may also lead to increased costs. Today, a maximum payback time for PV modules
of ten years is generally expected in Europe. However, such a short payback time is normally not
achieved without subsidies. Countries depel for electricity grid connected PV systems give a

higher price into the grid than exerting from the grid (Jelle, 2016).
Conclusion

In conclusion there are four general types of racking systems we can utilize in the Spartan
Superway. The first is @anopy system which allow us to have a curved aesthetic while utilizing
the efficient of a monarystalline moduleOne of the systems that has an aesthetic curve is the
Solar Canopy installed at the Plantronics Headquarters by Ron Swenson. This desgfoalb
degree increments, and a overhanging feature. To utilize a solar canopy, the top of the track of the
transit system must be designated for primary support do to the fact that support beams are at a
distance of 24meter and most commercial alumion galvanize beams are limited at 13.3meters.
Another solution being flat racking systems which are more commonly designed, allowing for
more options, easier integration, and cheaper installation. SnapnRack was one of the most effective
flat racking systm that could be utilized by the Spartan Superway. SnapnRack is UL 2703 certified
and Class A fire rated for Type 1 and Type 2 modules ensuring installers provide {imedbeess
installations in quality, safety and efficiency. The standard rails usbé iBnapNRack system is
compatible with all components, allowing installers to manually snap in clamps, base attachments

and many moréA sloped racking system was another solution. Standard Solar was one of the top
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candidates as they are able to custaiings, frames, etc. for the customer. Standard Solar created
unique curved design for one of their installations, however after contacting the company, they are
very hesitant to release any information. The curved design is an aesthetic the SpartaaySuper
would like to achieve, and very few companies have managed to design working \Bugeing
Integrated Photovoltaics are a newsingcoming technology that can have the same efficiency as
standard monarystalline modulesThe solar cell glazing odules will similarly serve as weather
protection as well as a power source. The distance between solar cells will depend on the desired
transparency and the amount of energy needs to be produced. Normally the distance is on average
around 3 to 50 mm in b&een solar celldHowever,these may be the most expensive option at
approximately $3$2 per wattComparing the stadp price, and the annual saving from energy, a
semiautomated robotic cleaning would be more effective for the Spartan SuperwayQs design
Cleaning will cost approximately $366,000 onetime to save an estir8857,032 of energy per
year.Lastly there is further work need to analym®l develop othesemtautomated connecting
mechanisms, however a solidified design for the Spartan Superwagded to determine designs

and tests.
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