FINAL REPORT

Grid-Parity Solar Power for
Department of Defense Installations

ESTCP Project EW-201134

FEBRUARY 2014

John Bender
Nanosolar, Inc.

This document has been cleared for public release




Table of Contents

EX@CULIVE SUIMIMATY .oucirrarsmssssnssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssesasssssssnssssnsssssnss 8
1.0 INTRODUCTION....cisrimmnmsmmsmsmmssssmsssnsssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssssssssnssssasssnsssanassnns 10
1.1  BACKGROUND ...coitcciusisssssmssssssssssssssssssssssssssssssssssss s s s ssss s s s sass s s s ssassssnanes 10
1.2 OBJECTIVE OF THE DEMONSTRATION.....cccocnmmmmmmmnmmmmsmsmsssssssssssssssssssssssssssssssssssssases 11
1.3 REGULATORY DRIVERS ... sssssssssssssssssssssssssssssssases 11
2.0 TECHNOLOGY DESCRIPTION ...cccocimmsmssmsnssmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassens 12
2.1 TECHNOLOGY OVERVIEW ... ssssssssssssssassssssssssssssssnns 12
2.2 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY .....cccoumnmmmnmmmssmssssssssssssssssassanns 14
3.0 PERFORMANCE OBJECTIVES......iiminnmmsmssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssens 15
3.1 PERFORMANCE OBJECTIVES......iinmmnssmssssssssssssssssssssssssssssssssssssssssssssssassens 16
3.2 PERFORMANCE OBJECTIVES DESCRIPTIONS.......ccconmmmmmmmmmssssssssssssssssssssases 17
4.0 FACILITY/SITE DESCRIPTION ...ccooisiiiimsusmsmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssassasssssasss 20
4.1 FACILITY/SITE LOCATION AND OPERATIONS.....ccommmmmmmmmmmmssssssssssssssssssssssssassssssans 20
4.2  FACILITY/SITE CONDITIONS.....ccooummmmmnmmmmmssmsssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssassss 20
5.0  TEST DESIGN ..couiiiiiiinscsmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssssssesssssssssssnnss 22
5.1 CONCEPTUAL TEST DESIGN ....cocoeimnmsmsmmsmsmssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 22
5.2 BASELINE CHARACTERIZATION ...cccnmmmmmsmsssssssssssssssssssssssssssssssssssssssssssssssssassssssns 22
5.3 DESIGN AND LAYOUT OF SYSTEM COMPONENTS.......ccooumnmnmmmmmmmmnmmsmssmssssssssssssssssssasns 23
5.4 OPERATIONAL TESTING ....cocociusmssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 24
5.5  SAMPLING PROTOCOL....cosusesmusmmssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 26
5.6  SAMPLING RESULTS....ccinmnmmmmmssmsssssssssssssssssssasssssssssss s ssssssssssssssassssssasssssssssssasssssnases 27
6.0 PERFORMANCE ASSESSMENT .......coiimimimnmsmmsmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 28
7.0  COST ASSESSMENT ......coiiiimimimnsmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesasssssssssassens 35
7.1 COST MODEL....ccciiimsssissmsssssssssss s s ssassss s s sssss s s ssssssssassssssass s sassssassssas 35
7.2 COST DRIVERS.....coiitiimssmsstsssssssssssssssssss s sssssss s ssssssass s s s s s sas s s s 36
7.3  COST ANALYSIS AND COMPARISON......coesmimrmsmssmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssases 36
8.0 IMPLEMENTATION ISSUES ......cccimmimmnmnmmmssssssssssssssssssssssssssssssssssssssssssssssssssssssas 37
9.0 CUSTOMER SATISFACTION ....ccccunmimmimmsmmssmssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 39
9.1 FUTURE SOLAR PV POWER PLANT IMPROVEMENT OPPORTUNITIES ........cccounsusesnusenasens 39
APPENDICES ...ttt s ss s s ssss s s s s sa s sasas s sas s sassmsas s sasmnnnsnnas 42
Appendix A: Points of CONTACE......cuuimmmsmsmsmsmsmsmssssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasasassssssssnses 42
Apendix B: Nanosolar Utility Panel Spec from “As Built” Documentation ...........oocsmsmsssssesenss 43
Appendix C: eGRID2010 Version 1.1 ....immmssssssssssssssssssssssssssssssssssssssasasssssssssssssssssssses 44
Appendix D: CA Solar Initiative Projection for Camp Roberts ... 45
Appendix E: NOAA Solar Calculator for Camp RODETLS .......ccvricsmsnsssmsmsmsmsmssssssssssssssssssssssssssssssasns 47
Appendix F: Customer Satisfaction SUIVeY ... s 48
Appendix G: PG&E Net Metering Statement ... 50
Appendix H: LCOE Calculation Details ........ccummmmmmmssssssssssssssssssssssssssssssssssssssssssssssssssses 52
Appendix I: PG&E Form 79-974 "Generating Facility Interconnection Application"............. 54
Appendix J: PG&E Form 79-978 "Interconnection Agreement for Net Energy Metering of
Solar or Wind Electric Generating Facilities" ... 69

ESTCP Final Report iii February 2014



Appendix K: PG&E Form 79-998 "Expanded Net Energy Metering (NEM) Supplemental
W20 3] 0 1 1) o
Appendix L: Camp Roberts PV Power Plant 100% Design Submittal Drawings.........couuuseas

ESTCP Final Report iv February 2014



List of Acronyms

Acronym Definition

A Amps

ABC Activity Based Costing

AOI Angle of Incidence

BLCC Building Life Cycle Cost

BoS Balance of Systems

CIGS Copper, Indium, Gallium, Selenium

CO, Carbon Dioxide

DC Direct Current

DoD Department of Defense

DoE Department of Energy

eGRID Emissions & Generation Resource Integrated Database

E(1) Inflation Rate during the Life of the Camp Roberts Demonstration

EPC Engineering, Procurement, and Construction

ESTCP Environmental Security Technology Certification Program

GHG Greenhouse Gasses

GW Gigawatt. A quantity of power equal to 1 x 10° watts.

kW Kilowatt, A quantity of power equal to 1 x 10° watts.

kWh Kilowatt-hour. A quantity of energy, equivalent to 1 kilowatt of power for 1 hour.

i Nominal Discount Rate during the life of the Demonstration Project.

LCOE Levelized Cost of Energy. Cost of the energy generating system including all the
costs over its lifetime.

MPa Megapascals

MW Megawatt. A quantity of power equal to 1 x 10° watts.

MWT Metal Wrap Through

N Life of Energy Plant, equal to 25 years for the Camp Roberts Demonstration

N20 Nitrous Oxide

NH4 Methane

NPV Net Present Value

O&M Operations and Maintenance

OMS Online Monitoring System

PTC PVUSA Test Condition: used by state of CA to calculate rebates. 1000 W/m* solar
irradiance, 20°C air temperature, wind speed 1m/s”at 10m above ground level.

PV Photovoltaic

PVSyst University of Geneva energy yield simulation software

PVWatts NREL solar energy yield simulation software

r Real Discount Rate during the life of the Demonstration Project.

ROI Return on Investment

RV Residual Value at the end of Life of an Investment

SAM Sandia/NREL Solar Advisor Model energy yield simulation software

STC Standard Test Conditions. 1000 W/m® solar irradiance, 25°C air temperature

TOV Technischer Uberwachungs-Verein, (English: Technical Inspection Association) are

German third party organizations that validate the safety of products of all kinds.

ESTCP Final Report % February 2014




Acronym Definition

UL Underwriters Laboratory
Vv Volts

W Watt

List of Figures

Figure 1: Satellite vicinity Map OF PrOJECE @ra........cueueiiiiie ettt e bbb b 20
Figure 2: Site prior t0 INSLAITALION .........oeiiii e b ettt e e b e b e ebeene e 23
Figure 3: Final PoOwer PIant @S INSTAIEA ...........couiiiiiieee ettt st saesb e 23
Figure 4: Grid connect ceremony at Camp RODErS: May 2012 ........c.ccuiiiiiiiiiiieei et 24
Figure 5: kWh Output of Camp RODErS fOr 15 AUG 12 .....cuoiuiiiiiiiiiiteee e 27
List of Tables
Table 1: Summary of Capital and MainteNaNCE COSES........cverviriieiieieeee st e e e sresreerenneens 8
Table 2: Electricity Rates for Camp RODEIS .......viiiieiicicese ettt sttt e e et e e snentesneaneas 15
Table 3: Summary of Performance RESUILS ........c.ciiiiiiiii ettt e b e b sneste e eneas 16
Table 4: Performance by Month for Camp Roberts Solar FIeld ...........cocviiiiieiieeicse e 29
Table 5: Performance by Month vs. PVWatts Predicted ENEIgY........cccoviviireiieeieiiesie e stes e siestes e see e snesnnanens 31
Table 6: Belectric Hardware and Install Costs (EStIMAted) .........ccoveriiiiiiiiiiiiicireere e 35
Table 7: Cost Model for Camp RODEIS SOIAr PIANT ..........cviiiiiiiieieieee e 35

ESTCP Final Report vi February 2014




Acknowledgments

The author would like to acknowledge the gracious support of the entire Nanosolar team who
helped to make this project a reality including previous Principal Investigators Dr. Jeff Zhou,
Roy Shaw, and Brian Stone. Sincere thanks to co-author Merc Martinelli, without whose
selfless, professional efforts, this Final Report would not have been possible. The author would
also like to recognize the PE CEM Environmental Engineer from the Environmental Compliance
Branch, Naval Facilities Engineering Service Center (NAVFAC), Vern Novstrup, for his
invaluable assistance and counsel during the project. Finally, author recognizes Nanosolar’s
CEO, Karl Steigele, for his encouragement, support, and sponsorship.

This material is based on work supported by the DoD ESTCP program office. Special thanks to
the Energy & Water PMA SERDP/ESTCP Support Office, Peter Knowles, Energy & Water
PMAA SERDP/ESTCP Support Office, Jane Dudik, and the Program Manager, Energy & Water
ESTCP, Dr. James Galvin.

ESTCP Final Report vii February 2014



Executive Summary

Background and Intent:

According to the U.S. Energy Information Administration’s 2011 Annual Energy Outlook, fossil
fuels make up over 85% of the US’s current fuel use for energy generation. Despite optimistic
growth for the use of renewable energy fuels, the EIA still forecasts over 78% fossil fuel use for
energy generation by 2035. In testimony before the US Senate on January 27, 2010, Deputy
Undersecretary for Defense for Installations and Environment, Dr. Dorothy Robyn, stated that the
military’s heavy reliance on fossil fuels creates significant risks and costs at a tactical and
strategic level.*

The intent of this project was to demonstrate a solar power plant that achieves grid-parity solar
power without tax credits or rebates on a DoD installation. For purposes of this discussion,
grid-parity is defined as the solar power plant installed and operated at a cost at or below the cost
of electricity provided by the local utility, including all energy and demand charges.

Based on data from September 2012 thru August 2013 the blended cost of electricity from the
local utility provider was $0.111/kwh.

Solar Power Plant Deployed:

In May of 2012, Nanosolar commissioned a 1MW thin-film, ground-mount solar PV power plant
at Camp Roberts, California. Cost cutting features in the plant design included: 1) frameless solar
panels manufactured with a unique, low-cost, printed CIGS technology; 2) larger 1,937mm X
1,034mm panels than current, typical panels resulting in a lower Balance of Systems (BoS)
racking, cabling, and home run cost; and 3) under-grounded cable plant design. Capital and
operating costs for the project are summarized below.

TABLE 1: SUMMARY OF CAPITAL AND MAINTENANCE COSTS?

Item Description Cost
Design and Permitting Included
Solar Panels Included
Inverters Included
Racking Included
BoS Included

Total Capital Cost (Includes additional $168K | $3,430,000
for Davis/Bacon labor rates & archeological
oversight fees)

Annual Operations and Maintenance (year 1) $28,000

! Statement of Deputy Under Secretary of Defense for Installations and Environment Dr. Dorothy Robyn Before the Senate Homeland Security and
Governmental Affairs Committee Subcommittee on Federal Financial Management, Government Information, Federal Services and International
Security January 27, 2010.

2 A complete breakdown of Total Capital Cost including design and permitting, inverters, racking, and other BoS components was not made
available by Belectric. Total capital and maintenance cost is based on contract pricing, and this contract pricing is used for all calculations where
cost is a required input.
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This project demonstrated that several key objectives could be met with respect to distributed
generation, including achieving a LCOE of $0.115/kWh at an installed cost of $3.44/W.2 This
project thereby demonstrated a means for the DoD to stabilize increasing utility costs at
installations nationwide with solar electricity.

Due to adverse market conditions, Nanosolar ceased their manufacturing operations in October
2013. Unfortunately, similar to other American solar panel manufacturers, Nanosolar was unable
to avoid effects from the rapid and persistent decline in solar prices caused by certain countries
flooding the American market with large quantities of low cost solar panels. However, the price
decline of solar components used in the design and construction of solar plants means solar energy
production can achieve grid-parity in many markets. This is particularly true in markets with high
solar irradiance and daytime peak-time rate structures.

The DoE, DoD, and other stakeholders should consider the strategic national and economic
security implications of the loss of American-based solar renewable energy technology leadership
and the loss of American solar manufacturing capability.

Performance Results:

The goal of this project was to demonstrate the economic viability of distributed solar generation
for the US Military. Table 3 (page 16) summarizes the performance of the project versus the
defined success criteria and as detailed in the table, most of the objectives were met in the
demonstration.

NOTABLE QUOTES

“Nanosolar’s 1MW system at Camp Roberts, CA is a great example of how the Department
of Defense is using its military installations as Test Beds for new energy and energy
efficiency technologies. The excellent performance during the first several months of
electricity generation from Nanosolar’s PV panels provides very promising initial results
that the DoD Test Bed Program will continue to monitor and evaluate. Nanosolar’s
demonstration of its product at Camp Roberts is enabling DoD to gain valuable insights on
the challenges and opportunities of hosting distributed generation on its facilities.”

Program Manager, Energy & Water — ESTCP
Dr. James Galvin

“When the troop load is down, the meter will spin backwards. You can literally see the
electricity go back into [Pacific Gas & Electric’s] grid to be used by somebody else.”

Project Manager
Col. Walter Goodwater (retired)

“We think it has real promise for grid parity prices, and we are testing that at Camp
Roberts in California.”

DOD Deputy Under Secretary of Defense for
Installations and Environment
Dr. Dorothy Robyn
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1.0 INTRODUCTION

This final report is part of the Energy Security Technology Certification Program (ESTCP) by the
Department of Defense (DoD). As part of ESTCP, Nanosolar implemented its commercially-
available thin film solar technology to construct a IMW DC free field, ground-mounted solar
demonstration project sited at Camp Roberts of the California National Guard.

The Nanosolar demonstration solar power plant illustrated that DoD military installations
throughout the U.S. can benefit from competitive electricity costs through on-site, distributed
solar generation. This demonstration showcased that U.S.-developed and manufactured solar
technology and products—and U.S.-generated solar power—can provide energy security and
independence to the U.S. military. Similar projects ranging from 1 to 20MW could enable
distributed power to be produced within existing distribution lines, which avoids expensive
transmission step-ups and tie-ins. This range of power plant outputs could be readily constructed
at DoD installations nationwide.

The construction phase of this project was completed in May of 2012, with the connection of the
solar power plant to the PG&E grid. Testing and monitoring of the system per project goals is
complete, and these activities ran for 12 months duration after plant connection to the grid and a
short conditioning period during which the solar panels ramp to full energy generation capacity.

1.1 BACKGROUND

According to the U.S. Energy Information Administration’s 2011 Annual Energy Outlook, fossil
fuels make up over 85% of the US’s current fuel use for energy generation. Despite optimistic
growth for the use of renewable energy fuels, the EIA still forecasts over 78% fossil fuel use for
energy generation by 2035.

Of the estimated 250 GW of additional energy capacity that DOE, EIA forecasts to come online
between 2008 and 2035,the EIA attributes 46% to natural gas plants and 12% to new coal plants.
Only 37% of forecast energy production is attributed to newly built renewable energy plants.
Dorothy Robyn, the Deputy Undersecretary of Defense for Installations and Environment,
recently testified to the US Senate that the military’s heavy reliance on fossil fuels creates
significant risks and costs at a tactical and strategic level.*

The DoD’s use of renewable solar energy to-date has been tied to Enhanced Use Lease
Agreements and Federal and State solar incentives, in the form of tax credits and artificially high
prices for the renewable energy credits generated. These incentives mask the reality that the
approximately ten solar PV projects implemented to-date nationwide on DoD installations are not
cost effective without incentive support, having cost over $6/watt fully-installed on a national
average, or over $0.300/kWh at a levelized cost of energy (LCOE).”

As part of ESTCP, Nanosolar built a LMW free field, ground-mounted solar demonstration project
for Camp Roberts, California, where solar irradiance is above-average as compared to many other
U.S. geographies.

4 See Note 1.
® Science Daily and Think Progress.
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1.2 OBJECTIVE OF THE DEMONSTRATION

The mission of the ESTCP demonstration is to:

e Demonstrate that solar power can cost-effectively provide the energy security, reliability
and independence required for U.S. military installations while concurrently meeting our
Federal renewable energy goals of 25% renewable by 2025 (EPAct and Executive Order
13423).

e Demonstrate that Nanosolar, a San Jose, CA based manufacturer of solar cells and panels,
could build such a solar power plant with low-cost solar cells manufactured in the U.S.

e Design and build a Nanosolar power plant for $3.20/watt DC fully-installed, or less than
11 cents/lkWh (LCOE), thereby demonstrating a means for the DoD to stabilize increasing
utility costs at installations nationwide with solar electricity.

e Create a set of standard solar power plant designs to enable the DoD to install solar power
at installations nationwide at or near grid parity as measured by LCOE electricity costs.

13 REGULATORY DRIVERS

The U.S. DoD spends over $4 billion annually on electricity use, and when combined with over
$12 billion of Operational Energy costs, the DoD accounts for over 75% of the Federal
Government’s total energy usage. The DoD’s January 29, 2010 announcement that it will reduce
greenhouse gas emissions from non-combat activities 34% by 2020 recognizes that the DoD can
have a leading impact on reducing our country’s carbon emissions:
http://www.defense.gov/releases/release.aspx?releaseid=13276

Two drivers for this announcement were the DOD’s Strategic Sustainability Performance Plan and
Executive Order 13514. The Strategic Sustainability Performance Plan states that the DoD will
promote sustainability and reduce their reliance on fossil fuels. Executive Order 13514 states that
the military and government will lead by example in reducing their greenhouse gas emissions.
Executive Order 13514 adds to Executive Order 13423, which states that the military is to
contribute to achieving the federal renewable energy goals of 25% renewable.
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20 TECHNOLOGY DESCRIPTION

Conventional solar cell manufacturing processes often utilize very expensive vacuum deposition
and sputtering equipment in clean room environments, thus driving up costs for traditional panels.
However, Nanosolar utilizes highly innovative nanotechnology to enable high-volume production
of low-cost solar panels. Nanosolar “prints” a layer comprised of a nanoscaled structured
suspension of copper, indium, gallium and selenium onto aluminum metal foil with a slot-die
coater. The printed material is dried in an oven before subsequent processing.

After properly dried, the printed rolls are then transformed into an opto-electronically mature
crystalline semiconductor through several roll-to-roll rapid thermal processes. Individual solar
cells are then spliced, measured, interconnected and assembled into solar modules. The production
process is highly automated in a non-clean room production setting using relatively standard
equipment and processes with few modifications, which substantially lowers the cost of
manufacturing panels.

21  TECHNOLOGY OVERVIEW®

Streamlined Solar Cell Architecture

Nanosolar’s proprietary cell innovations have focused on developing and demonstrating improved
processing for solar photovoltaic technology, in particular through the use of scalable process
technology with higher intrinsic deposition throughput, yield, and uniformity. More specifically,
Nanosolar developed its cost-efficient panel technology based on design, development and use of
five bodies of technological innovation:

(1) A highly conductive, low-cost aluminum foil as the substrate and bottom electrode of
the cell,

(2) CIGS “ink” with loaded-in stoichiometric ratio and a high-yield high-throughput
printing process to form an electronic grade CIGS semiconductor;

(3) A novel Metal-Wrap-Through (MWT) back-contact design based on high throughput
foil lamination;

(4) A thin/printed transparent top electrode; and

(5) Redesign and development of materials deposition processes that work with and
leverage the superior steady-state uniformity and other characteristics inherent in roll-to-
roll processing.

These five bodies of innovation address each component of a solar cell’s cost and capital
efficiency, delivering the definitive improvement necessary to obtain an ultra-low-cost product.
Innovation (1) delivers low materials cost, a low-cost substrate, and a low-cost bottom electrode
(which otherwise would have to be created through an expensive thin film). Innovations (2) and
(5) deliver a low-cost absorber/semiconductor with high material utilization and capital efficiency.
Innovations (3) and (4) enables a low-cost top electrode and simple, fast, robust cell interconnects.
The combination of a highly conductive substrate (aluminum) with Nanosolar’s MWT cell
architecture resulted in cells capable of generating and carrying currents of 6-25 Amps, or 300-
1,000% more than is cost efficient with other state-of-the-art thin-film solar cells today. Panels

® As a result of Nanosolar’s decision to cease operations by October, 2013, the IP associated with this and all Nanosolar technology is currently
available for bid. Contact AERIS Capital, http://www.aeris-capital.com, for more information.
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built with such high-current cells result in significantly lower balance-of-system costs when
deploying large-scale systems.

In late 2012 and 2013, Nanosolar further reduced the cost of its product primarily by reducing the
cost of Innovation (3). This cost reduction was not included in the demonstration project and so
does not factor into System Economics (LCOE) calculations.

Design of the Nanosolar Utility Panel

Designed to reduce total-system cost, the Nanosolar Utility Panel is electrically and mechanically
optimized for utility-scale solar power systems. The Nanosolar Utility Panel is specifically
designed and developed for utility-scale systems where the size of deployment ranges from 1-
50MW in size. The scale of these types of deployments both afford and require a level of
industrial streamlining and optimization that is different from smaller-scale systems.

Electrically, the product is the industry’s highest-current thin-film panel by as much as a factor of
six (at over 6A). It is also the industry’s first photovoltaic panel certified by TUV for a system
voltage of 1,500V, or 50% higher than the previously highest certified 1,000V. Combined, this
enables longer panel arrays, resulting in a host of cost savings during installation. In addition, the
panel is the industry’s first solar panel with an edge connector, the Nanosolar Edge Connector,
simplifying cabling, minimizing resistive losses, and enabling higher system voltage in solar
power plants.

Mechanically, the dual-tempered glass-on-glass package used for the panel is distinctly stronger
than conventional thin-film-on-glass panels, delivering almost twice the mounting span and
correspondingly lowers mounting materials requirements, while not adding additional weight.
Additionally, this package design has the advantage of not requiring metal framing components
which add complexity and cost as compared to glass.

Mechanically Strong Package for Wide-Span Mounting

Whereas traditional thin-film-on-glass panel manufacturers deposit the solar-cell stack of thin
films directly onto a glass pane enclosure to prevent moisture ingress Nanosolar uses a sorted cell
assembly coupled with dual tempered glass pane enclosures. Nanosolar produces individual foil
cells, sorts them into electrically matched circuits, and assembles that circuit into a panel.

The Nanosolar Utility Panel uses tempered glass on both front and back of its glass/glass package.
The use of two tempered glass panes is not possible for producers of thin-film-on-glass panels
because the high-temperature cell production process will de-temper the glass substrate.

The use of dually tempered glass panes, with Nanosolar’s foil cells in between, creates a package
of superior mechanical strength. Tempered glass has strength of 120MPa, or three times stronger
than regular glass. The resulting system benefit is that it enables wide-span mounting. Wide-span
mounting reduces the cost of mounting steel and associated materials substantially. By utilizing
sorted-cell assembly, Nanosolar gains a panel assembly yield advantage and flexibility in terms of
panel size, form factor, and package style.

High-Current, High-System-Voltage Design for Utility-Scale Panel Arrays
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Series-interconnected Nanosolar cells have the unique capability to generate and carry much
higher currents without any significant resistive losses. High current cells are desirable for utility-
scale system implementations because they simplify DC cabling and save balance-of-system cost.
They allow larger numbers of panels to be interconnected in series without the expense of
additional cabling home runs to the inverter. If the panel’s current is low (as is the case with many
thin-film-on-glass products), then for the same amount of installed power, the system voltage is
reached more quickly through a relatively small number of interconnected panels, and a higher
effort in cable splicing or home runs is required.

The electrical characteristics of a panel combine with its mechanical length to determine the panel
array length or the maximum length of a row of panels in a large-scale system possible without
running additional cables back to the inverter. The panel array length is calculated by dividing the
panels’ system voltage by its open-circuit voltage (at low temperature) and then multiplying by
the panel length in mounting orientation.

The Nanosolar Utility Panel supports a panel array length of 64m, which is more than five times
longer than leading thin-film panels presently installed in large-scale fields. The difference is large
in utility scale systems where distances are great; large amounts of expensive DC cabling can be
required, and longer panel array length reduces cabling requirements by as much as 73%.

Nanosolar Edge Connector for Fast, Minimal-Resistive-Loss Interconnection

Nanosolar has developed a new form of cabling connection for the Nanosolar Utility Panel. A
component separately tested and certified by TUV according to applicable connector standards
for power connections, the Nanosolar Edge Connector, is designed to reduce cabling labor, save
material cost, and minimize resistive losses for the kinds of installations used in utility-scale
system deployments.

2.2  ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

Advantages

Nanosolar’s innovative printing technology allows for cheaper production of PV panels and lower
BoS cost. Nanosolar panels also have shorter construction and installation times than other thin
film companies, particularly on sites where power-assist equipment can be utilized. This is
because Nanosolar manufactures larger panels that require fewer mounting fixtures than their
competitors.

Limitations

The primary risk for this demonstration project was the potential for a significant environmental
impact. Clearing of land is necessary to install these power facilities. The clearing of trees in the
area, while necessary for proper installation and operation, can have adverse effects on the
surrounding flora and fauna. As installed, this was not an impact for the project.

Another risk for this demonstration project was the potential for a significant increase in the
commodity price of raw materials, which could have impacted Nanosolar’s ability to deliver the

ESTCP Final Report 14 February 2014



proposed solar power plant at the target cost. As installed, this was not an impact for the project
because Nanosolar’s Supply Chain organization had necessary capability to control costs during
the project.

In addition, the Nanosolar Utility Panel has a limited field operating record, limiting Nanosolar’s
ability to precisely forecast the plant’s projected performance over its 25-year lifetime. Nanosolar
mitigates this risk by conducting extensive, on-going reliability and outdoor testing well beyond
IEC compliance limits.

3.0 PERFORMANCE OBJECTIVES

This project was designed to provide a solution for the Department of Defense’s renewable energy
needs. The objective was to demonstrate that solar power can cost-effectively provide energy
security, reliability, and independence required for U.S. military installations while concurrently
meeting Federal renewable energy goals of 25% renewable by 2025. Nanosolar designed and built
a power plant for $3.44/watt DC fully-installed, and $0.115/kWh’ (LCOE in real dollar amount),
thereby demonstrating a means for the DoD to stabilize increasing utility costs at installations
nationwide with solar electricity.

$0.11/kWh was chosen as the LCOE Performance Objective Metric since, at the time of the
demonstration, Camp Roberts was covered by the E20P/NEMEXPM rate schedule which includes
the following energy charges resulting in an current average cost of electricity of approximately
$0.11/kwh. Table 3 provides a breakdown of energy rates by time of day and season.

Table 2: Electricity Rates for Camp Roberts

Total Electric Rates ($ per kWh)
Peak Summer $0.13186
Part-Peak Summer $0.09357
Off-Peak Summer $0.07117
Part-Peak Winter $0.08924
Off-Peak Winter $0.07465

7 See Note 4.
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3.1 PERFORMANCE OBJECTIVES
TABLE 3: SUMMARY OF PERFORMANCE RESULTS
Performance Metric Data Success Criteria Results
Objective Requirements

Quantitative Performance Objectives

Energy

generated & Energy produced $0.115/kWh real
$0.110/kWh real | performance Is equal to or dollar LCOE.®
dollar LCOE degradation greater than
System ' ' simulated $3.44/W solar
(Eli:grg)oErr;lcs $3.20/W solar Cost of solar results. power plant
' power plant cost. | plant design, . cost.’
construction and Cost of project
. . at or under
installation.
budget.
Energy produced Calculated
by solar panels. amount of CO2
309kg CO2/kwh Calculated saved is

Greenhouse Gas

savings (base-

CO2 emissions

savings is equal

783,420kg. ™

Emissions load output).’® | of alternative to or greater than
Reduction. -
electricity expected results.
generation
methods.
The amount of Uptime 98.4%
- 99.0% uptime. time the system Uptime equals per data from
Reliability. . ; )
is operating per | estimates. Meteocontrol.
design.
Photovoltaic . . Capacity =
Peak Capacity MW DC. Installed capacity | Capacity of 1 998.4 KWp DC.
of panels. MW DC.
(Installed).
Matches Actual =
estimates with 1650 MWh AC.
Photovoltaic PVSyst estimate, | Power delivered | less than or
Peak Capacity 1,638 MWh AC | to Camp Roberts | equal to 3%
(Power (Weather over the entire degradation of
Delivered). Adjusted). year. power peak
delivered.
Renewable PVSyst estimate, | Energy produced | Matches or Actual =
Energy 1,638 MWh AC | over an entire exceeds 1650 MWh AC.
Produced. (Weather year. estimates from
8 See Appendix | for LCOE Calculation details. See Note 3 for additional details.
® See Note 3.

0 savings via avoidance of the use of energy generated by California utilities, the majority of which is natural gas. Nanosolar panel lifecycle
emissions are approximately 14g CO2/kWh.

! See Note 7.
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Performance Metric Data Success Criteria Results
Objective Requirements
Adjusted). PVSyst.
Complete.
Site Months, number | Cleaning and Site maintained | Replaced 9
i of panels maintenance to specifications | panels due to
Maintenance. . ' .
replaced. schedule. provided. infant mortality.
Dollar costs, Less than $3.44/W DC.*
Installed Cost. $/W DC. photoyoltalc $3.20/W DC.
capacity.
Qualitative Performance Objectives
Good results ngh degree of
Stakeholder satisfaction
User Degree of . reported from
. . - . Interviews & . reported from
Satisfaction. Satisfaction. demonstration
survey. : stakeholder
project. ) .
interviews.

3.2 PERFORMANCE OBJECTIVES DESCRIPTIONS

System Economics

The main goal of this project was to achieve a real Levelized Cost of Energy (LCOE) that is at or
below grid parity as measured by the average utility pricing paid by the Camp hosting the project
site. LCOE is an economic assessment of the true cost of solar electricity calculated by dividing a
solar plant’s total costs over its lifetime by the kWh generated over its lifetime. Costs include the
initial cost of components (solar panels, mounting, cabling, inverters, and other Balance of
Systems (BoS) equipment), installation, operations and maintenance costs, and any cost of capital.

Green House Gas Emissions

In addition to substantial cost savings--over 43% versus past solar PV projects implemented to
date nationwide on DoD installations**--Nanosolar technology helps the DoD meet its
commitment to reduce carbon emissions. A complete lifecycle analysis** shows Nanosolar panels
generate 14 grams of CO, per kWh of solar electricity generated. This compares to 13 grams for
renewable wind power, 39 grams for conventional crystalline silicon solar technology, 55 grams
for nuclear power, 400 grams for a combined-cycle natural gas plant and 1000 grams for coal-
fired electricity. Nanosolar’s lifecycle analysis includes:

e Extraction and processing of raw materials

e Production into solar cells and panels
e Assembly and installation into solar power plants

!2 See Note 2.
2 43% computed using $3.44 calculated per watt cost vs. assumed $6/W for past DoD projects.
 Reference: CCLA Columbia University.
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e Operations and maintenance over 25 years
e End-of-life solar plant recycling

California uses about 265,000 GWh of electricity per year andconsumption is growing at a rate of
2% annually. In the last decade, between 29% and 42% of California’s in-state generation used
natural gas. Another 10% to 20% was provided by hydroelectric power that is subject to
significant annual variations. If we avoid consuming electricity from California’s utility, then we
can expect to save about 309 g/kWh specifically in California where a majority of the power
generated is from natural gas plants™.

For the Camp Roberts demonstration project, it is important to differentiate base-load vs. non-
base-load emissions. PV power plants typically produce maximum output when user demands are
highest (afternoons). This corresponds to the times when utilities must generate additional power,
which is often done with natural gas peaker plants. Consequently, emissions saved calculated
using non-base-load emissions factors are most relevant to the project.

Reliability

The reliability of the system is defined as the amount of time the system performs as designed.
This includes uptime of all components of the plant including the solar panels, inverters, and all
BoS Components.

Photovoltaic Peak Capacity (Installed)

The nameplate capacity of the Camp Roberts demonstration plant is 998.4 kwp DC comprised of
4,992 panels at 200 Watts each.

Photovoltaic Annual Output (Power Delivered)

The power delivered to Camp Roberts should match or exceed results simulated using the
University of Geneva energy simulation software, PVSyst. PV Syst calculations state that 1638
MWh should be produced and delivered in one year. The simulation includes calculation factors
to account for panel soiling, AC and DC wiring losses, sun irradiance variation, plant uptime, and
other influences on energy output.

Renewable Energy Produced

The energy produced indicated the amount of annual energy, in MWAh, that the system provided to
Camp Roberts during the 12 month operational testing phase. Data was collected from the online
performance monitoring equipment and compared to the computer model produced by PVSyst.
The PVSyst estimates, which use average weather conditions for calculations, show that the
system should produce 1638 MWh/year.

Site Maintenance
The site was maintained so that the power delivered to camp Roberts was not obstructed from
soiling losses beyond what is accounted for in estimates. The PVSyst estimates 2% soiling losses

in the system.

Site maintenance included the following:

%5 Reference: eGRID.
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e A schedule for cleaning the panels, which would include washing once a year

e Maintaining the grass so that no shading of the panels occurs, including mowing three to
four times a year, as well as performing weeding and applying herbicide

e Inspecting components of the system and proactively trouble shooting & fixing in advance
other issues that may affect performance

Installed Cost

Installed costs for this demonstration plant are estimated to be at $3.20/W DC, or a total of $3.2
million for the entire system.

User Satisfaction

Customer satisfaction assessment is an important component of any technology demonstration
project. For the Camp Roberts project, stakeholder interviews and an Excel-based survey will be
completed after 1 year of project operation. Stakeholders will include, but are not limited to,
Camp Roberts’ staff, maintenance contractors, construction crew, and security personnel. Since
the project was implemented, the actual number of interviews sent out was five (5) due to changes
in personnel.

For the Excel-based survey, 26 questions have been designed so that customer satisfaction with
each phase of the project can be assessed. Phases to be assessed include:

e Design and Development Phase

e Project Construction Phase

e Operations and Maintenance Phase

e Other (This portion of the customer satisfaction survey is intended to capture comments,
suggestions, or improvements regarding what should be done for future projects that do
not fall easily under the previous categories)

Additionally, stakeholders will be asked to provide their evaluation of overall system
performance.

To ensure customer satisfaction input is unbiased, respondents to the Excel — based survey are
asked to evaluate a series of statements using the following criteria:

e Highly Disagree

e Somewhat Disagree

e Neither Agree nor Disagree

e Somewhat Agree

e Highly Agree

e Not Applicable or No Opinion

Comments are requested of all respondents, and are particularly useful in areas where the
demonstration project did not meet expectations.
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40  FACILITY/SITE DESCRIPTION

Camp Roberts is run by the California National Guard and is located directly off of Highway 101
in Monterey and San Luis Obispo Counties. Camp Roberts address is as follows:

Hwy 101, Bldg 108
Camp Roberts, CA. 93451-5000

41  FACILITY/SITE LOCATION AND OPERATIONS

Camp Roberts hosts training for both the National Guard and Army Reserve. The Deployment
Site does not interfere with Camp Roberts’ training facilities, as the site is outside of the main
base to the east of Highway 101. As a result, personnel working on the project will not need
military clearance to reach the site.

The Deployment Site at Camp Roberts, CA, has fourteen flat and minimally-shadowed acres
available in an area that has already incurred substantial environmental change over the past 70
years. Minimal additional environmental impact was generated based on the final site design, and
this carried through to construction, commissioning, and maintenance during the first year of plant
operations. Five acres were required for the 1MW plant. Transmission lines run through the site
facilitatinginterconnection.

Figure 1: Satellite vicinity map of project area

42  FACILITY/SITE CONDITIONS
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Several site regulations and permits were needed while project personnel were on the
demonstration site. They were as follows:

Section 106 Compliance

In accordance with Section 106 of the National Historic Preservation Act (NHPA), the
management of cultural resources for the Nanosolar project at Camp Roberts involved:

e ldentifying the Area of Potential Effect (APE);

e Reviewing existing information on historic properties within the APE;

e Obtaining information from consulting parties and other individuals and organizations
likely to have knowledge of, or concerns with, historic properties (i.e. local indigenous
peoples, local historical societies, etc.);

e ldentifying historic properties through research survey, informant interviews, and
monitoring;

e Resolving adverse effects through data recovery.

The site was surveyed and no historical properties were identified. However, an archeological site
is in the immediate vicinity, and this required that all military and construction personnel on the
project received a cultural resource brief prior to the beginning of construction. An archeologist
was also present for all ground disturbing activities.

Unexploded Ordnances

Since Camp Roberts is a military training ground, all personnel working in the construction area
received a briefing from Camp Robert’s staff regarding unexploded ordnance protocol.
Unexploded ordnance is explosives (bombs, bullets, shells, grenades, land mines, naval mines,
etc.) that did not explode when they were employed and still pose a risk of detonation. Risk of
finding unexploded ordnance in the area was extremely low, as the demonstration site was never a
training ground or in the immediate vicinity of one. All aspects of the project, including
construction were completed on site without issue regarding unexploded ordnances.

PG&E Interconnect

Three permits and documentation were submitted to PG&E regarding interconnection to the solar
farm. They are as follows:

1. PG&E Form 79-974 "Generating Facility Interconnection Application”

2. PG&E Form 79-978 "Interconnection Agreement for Net Energy Metering
of Solar or Wind Electric Generating Facilities"

3. PG&E Form 79-998 "Expanded Net Energy Metering (NEM) Supplemental
Application”
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5.0 TEST DESIGN

The demonstration utilized a standard, cost efficient, fixed tilt, and free field mounting design
implemented by Nanosolar and Belectric, one of Nanosolar’s EPC partners. The design consists of
an aluminum and glulam beam installed on a free field to mount the 10% efficient Nanosolar
Utility Panels. Also included is an industry-leading central inverter with 96%+ efficiency.

The wood member is pressure treated and has a bitumen paper covering for weather protection.
Initially the wood beam was used to accommodate terrain irregularities as well as provide
flexibility during construction. Additionally, it has the benefit of enabling the plant owner to
modify panel tilt in a straight-forward fashion if site conditions or other factors require this.
Lastly, the wood members are cheaper than steel beam while offering the same duty (life) cycle.

All system components are UL certified for installation and operation in the U.S. All mechanical
and electrical components have a 25-year life, except for the electrical inverter, which will need to
be replaced after 12 years. System components are chosen due to their cost efficiency and high
performance.

A web-based performance monitoring system, with appropriate security, was included in order to
measure and analyze system performance at 15-minute increments, as well as to help calculate the
LCOE. Additionally, this system enables stakeholders to view system performance conveniently.

5.1 CONCEPTUAL TEST DESIGN

The test monitoring system uses an online monitoring system to record ambient temperature and
wind speed, as well as irradiance, voltage, and current output from the solar panels. The size of
the panel array, tilt, and orientation of the panels remained constant for the duration of the testing
period. Testing also verified whether the panels remained within the warrantee specifications.

Panel performance did not show degradation beyond what is stated in the design during the full
year of operation. Data collected was normalized to Standard Test Conditions (STC) to compare
the data and perform cost and performance analysis on the system.

There are three main phases involved in the testing stage of Nanosolar’s system:

1) Preconditioning of Panels: During the first month of field operation Nanosolar panels
typically do not perform as well as specified in warrantee or design. They must be
preconditioned by the sun before full operation can begin.

2) Monitoring: This is where the online monitoring system will take data using a wide array
of sensors, such as pyrometers to measure irradiance and thermocouples for ambient
temperatures. All data is sent to our database for storage.

3) Analysis of Data: Once monitoring was complete the data was normalized and analyzed
for cost and performance.

5.2 BASELINE CHARACTERIZATION
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The baseline characterization for the test is based on industry standard, which is the STC Watt
peak sold. The Watt peak sold is based on the Name Plate Rating (STC Rating) of the panels
shipped to the Camp Roberts.

5.3 DESIGN AND LAYOUT OF SYSTEM COMPONENTS

The following figures are pictures of the overall system installed at Camp Roberts:

Figure 2: Site prior to installation

Figure 3: Final Power Plant as Installed
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Figure 4: Grid connect ceremony at Camp Roberts: May 2012

54  OPERATIONAL TESTING

Operational Testing of Cost and Performance
Activity-Based Costing to Assess Labor Cost Drivers during System Deployment:

An activity-based costing analysis was planned to monitor the estimated installation costs
associated with labor during the installation of the test deployment. As a result of Nanosolar’s
decision to cease operations by October, 2013, this analysis was not completed.

Levelized Cost of Energy:

The metric most commonly used to compare energy projects is levelized cost-of-energy (LCOE).
LCOE is the average price of electricity throughout the life of a power plant. LCOE takes into
account every cost incurred with an energy-generating system over its lifetime including:

Initial investment

On-going operation and management

Cost of fuel

Cost of capital

To calculate LCOE, a power project's expected lifetime cost structure is discounted using a
standard discount rate to yield the Present Value (PV). Lifetime cost structure is the project cost
plus on-going operational and maintenance costs over the life of the power plant, minus any
residual value at the end of the project. Project cost is tracked during the construction phase of the
project, while the operational costs are monitored for one year and extrapolated to yield the 25
year O&M costs.
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Next, the electricity output over the plant’s lifetime is computed, using the first-year actual energy
produced, and extrapolating it to yield the 25 year energy produced. The extrapolation uses a
degradation factor to ensure accuracy, as solar panels produce slightly less energy each year they
are in the field. For the Camp Roberts demonstration project using Nanosolar technology, the
degradation factor is 0.8% per year.

Finally, the Present Value of the annualized costs is divided by the project's energy output to
obtain the LCOE. LCOE can be a constant, or nominal, dollar value which excludes inflation, or a
current, or real, dollar value which includes inflation.

Formulaically, LCOE can be shown as:

A RV

Cost Structure = Project Cost + Operations — Residual = Project Cost + Z &
g P o ! {L+DRy»™ {14+ DR)"

n=1

and

= B ; : o Initial KWh X (1 = Svstem Degradation rate)®
Electricity oupnt = Origine! derated electricity « annunl degradation = } -
) . - — (1= DER)

n

where:
e AO = Annual Operation and Maintenance
e RV =Residual Value
e N =Plant Life
e DR = Discount Rate (Nominal or Real)

The Fisher equation in economics estimates the relationship between nominal and real interest
rates under inflation, and the following formula applies:

1 l

e i =Nominal Discount Rate
e E(I) = Inflation

Nanosolar also calculates the cost of the entire system with respect to $/watt, or the total
installation expenses over the peak power rating of the system, in this case 1MW. This calculation
is often used to estimate the value of the investment in the system at the time of purchase. The
target for this project is to install the 1 MW system for $3.20/watt or less for a total cost of
approximately $3,200,000.

DOE calculations generally make use of real LCOE calculations as opposed to nominal LCOE.
This proposal is focused on the measurement of real LCOE. Nanosolar’s target real LCOE for this
project is less than or equal to $0.11/kWh, which is the pricing threshold equivalent to grid-parity
pricing as measured against the average utility rate expenses at Camp Roberts.

Modeling and Simulation

Solar Advisor Model:
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The Solar Advisor Model (SAM) (https://www.nrel.gov/analysis/sam) combines a detailed
performance model with several types of financing for most solar technologies. In 2004, the
National Renewable Energy Laboratory (NREL), in conjunction with Sandia National Laboratory
and in partnership with the U.S. Department of Energy (DOE) Solar Energy Technologies
Program (SETP), developed SAM. The model is updated on a periodic basis. SAM incorporates
the best available models to provide optimal analysis of overall economics, including the levelized
cost of energy, stemming from the impact of changes to the physical PV plant.

PVSyst Model:

PVSyst is the PV production simulation tool of choice for the major solar financing entities as it
takes into account not only the environmental data of a given site but also accounts for system
losses due to design, O&M choices, technology-specific losses and system degradation. The Solar
Advisor Model (SAM) typically gives higher production estimates than PVSyst. PVSyst appears
to yield the most conservative results of any modeling software.

Nanosolar primarily used the PVVSyst model for the Camp Roberts demonstration because it
provided more accurate results for modeling performance of Nanosolar’s panels due to its
complete set of module parameters. SAM does not contain accurate parameters for this
demonstration project.

Model Inputs for Solar Plant Performance Monitoring: Supervisory Control and Data
Acquisition:

A key input into PVSyst’s LCOE calculation is the power output of the test deployment. To
measure the power output of the test deployment, the solar plant implemented a supervisory
control and data acquisition (SCADA) system that allowed Nanosolar and Belectric to monitor
and access real life performance data. Instant weather and insolation information was gathered
along with the photovoltaic source circuit characteristics to ensure optimal performance as well as
understand the behavior of Nanosolar’s technology in real life conditions. The DC circuit
combiner units has both voltage and amperage sensors to reach the desirable granularity needed
for Nanosolar’s study.

Timeline

After grid connect and conditioning, Operational Testing took place over a 12 month period, from
Aug 2012 to Jul 2013.

Technology and Transfer

As a result of Nanosolar’s decision to cease operations by October 2013, the only design standard
published was the “As-Built” documentation for the 1MW system dated October 19, 2012. The
3MW and 5SMW reference design plans were not completed.

5.5 SAMPLING PROTOCOL
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For performance monitoring, data samples were taken every 15 minutes with a five minute delay
in data for the duration of the 12 month period. The data was collected by the online monitoring
system (OMS) with limited interaction from any technicians. Meteocontrol was the program of
choice for the OMS. Meteocontrol is ideal because it can be located outside the Camp Roberts
firewall system and not to interfere with base operations.

As for security of the OMS system, both the weblog and portal were password protected for
remote and local access. The Web’Logs are hard coded to transmit data only to Meteocontrol’s
server IP’s and email. SMS alert messages were sent only to designated recipients. Those
designations can only be enabled by users with password access to the weblog. The monitoring
devices along with a Satcon inverter, recloser, revenue grade meter, and weather sensors were
exclusively hardwired into the designated monitoring ports of the Web’Log.

5.6 SAMPLING RESULTS

Equipment calibration and data quality were addressed as issues presented themselves and were
not a material factor during the demonstration project because the project experienced minimal
detrimental issues.

An example of the online monitoring output is included below for reference. Typically, power
output charts are very smooth, and as a consequence, not interesting for discussion purposes.
Unlike nearly every day during the 12 month demonstration, data output on 15-August, 2012,
indicated a potential issueAs shown in Figure 5.

Figure 5: kwh Output of Camp Roberts for 15 Aug 12

oo | Yvisis | MG | Yaar |

In figure 5, indicated power fluctuated from OW to well over 1,100W during a 12 hour period.
Since this is extremely unlikely, this data triggered analysis by maintenance personnel and the
anomaly was addressed quickly. Nanosolar was pleased with the quality of data and performance
of the OMS during the demonstration timeframe.

ESTCP Final Report 27 February 2014



6.0 PERFORMANCE ASSESSMENT

Performance Objectives Analysis Overview
System Economics: Verifying an LCOE of 11 cents/kWh or less:

LCOE Assumptions and Data for Calculations:

For the Camp Roberts demonstration project, real-dollar LCOE is the PV Plant System Economics
metric, as described in b), below. However, LCOE computed inclusive of tax credits and/or
without inflation factors is informative. Consequently, four different LCOE values are calculated:

a) $/W assuming no tax credits and nominal interest rate

b) $/W assuming no tax credits and real interest rate

c) $/W assuming a 30% tax credit and nominal interest rate
d) $/W assuming a 30% tax credits and real interest rate

LCOE calculated using d), above, is relevant to actual Camp Roberts economics since the project
qualifies for a 30% tax credit.

The following assumptions and data were utilized for computations:
e AO (Annual O&M): $28,000 for year 1, increasing 3% per annum for the life of the plant

e RV (Residual Value): $0. Plant assumed to have no value at the end of its life
e N (Plant Life)= 25 Years
e DR (Discount Rate):
o0 i (Nominal) 3%
o r(Real): 0.98% (Calculated via the Fischer equation, see section 5.4
e E(I) (Inflation Rate): 2% (Per U.S. government stated target rate for inflation)
e Project Cost = $3,430,000
o0 With 30% Investment Tax Credit: $2,401,000
e Year 1 Actual Power Produced = 1,650MWh
e Annual Degradation: 0.8% per year (20% over life of Plant)

Project Cost Calculations:

The original contract price for the Camp Roberts project was $3,247,000 (See section 7.0, “Cost
Assessment”). However, several additional and unexpected expenses were encountered during
the project. During installation, additional expenses were incurred to cover the cost of an on-site
archeologist to monitor all ground disturbing activities. There was also an additional $168,000
added to the original contract amount (contract amendment No. P00003) by the Department of
Labor and the contract should have included per both the Davis Bacon Act and the Wage
Determination CA29, modification 23, dated 04/08/2011. This should be accounted for in future
installations. Consequently, the final contract price used for calculations is $3,430,000.
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As a result of the above cost, and PV Peak Capacity (Installed) of the system at 998.4kW, the
Camp Roberts demonstration cost is $3.44/W against a target of $3.2/W. As noted earlier,
without the actual cost data for all PV Plant equipment from Belectric, it is difficult to determine
if the actual plant cost was lessor morethan the calculated $3.44/W and whether the performance
objective metric was achieved.

Operations and Maintenance costs for the first year of operations are $28,000 per State of
California Agreement B0444. Beyond year 1, Belectric estimates the following cost increases for
years 2 through 5, or an average increase of 3.65%:

e Year2:7.1%

e Year3:3.0%
e Year4: 2.9%
e Year5:1.6%

During the 25 year life of the camp Roberts demonstration, O&M increases are expected to
average 3%, and this estimate was used for all appropriate calculation purposes.

Using this 3% factor, the Fisher equation, and Present Value formula leads to the following:
e NPV O&M Costs, Nominal Discount Rate: $700,000.00

e NPV O&M Costs, Real Discount Rate: $896,848.39

Energy Calculation.

During the first year of plant operation, performance monitoring equipment captured ambient
temperature, wind velocity, solar irradiance, and actual energy produced in 15-minute increments.
From this information, total energy produced over the life of the plant can be accurately estimated.

Specifically, averaging the Year 1 raw OMS data provides the monthly performance for the Camp
Roberts Solar Field as shown in Table 4.

Table 4: Performance by Month for Camp Roberts Solar Field

Wind Solar
Ambient Velocity Irradiance Energy
DATE Temp Deg. C (m/s) (Wh/m?) Produced (kWh)
Jul-12 21.17 1.79 213,076.59 155,134.00
Aug-12 22.76 1.91 223,587.22 133,614.00
Sep-12 20.55 1.65 182,385.35 159,430.30
Oct-12 16.63 1.11 134,714.06 133,384.10
Nov-12 11.66 0.72 89,315.43 95,083.20
Dec-12 8.02 0.73 66,660.95 65,385.90
Jan-13 8.11 0.63 92,936.52 104,518.30
Feb-13 8.49 0.83 106,049.44 111,162.00
Mar-13 12.85 1.24 160,389.27 147,841.30
Apr-13 15.76 2.03 212,277.54 179,860.20
May-13 18.21 2.52 232,584.20 178,950.30
Jun-13 20.95 2.17 241,594.63 170,954.30
Jul-13 22.20 1.91 245,688.33 170,790.10
TOTAL 1,650,974.00
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Using Year-1 actual energy produced of 1,650,974 kWh, and 0.8% annual degradation factor for
panel performance change, the total energy produced over the life of plant can be calculated and is
37,522,543kWh.

LCOE Calculation Results:

Using data and calculations from the above sections results in the following LCOE values:
a) $0.110/kWh assuming no tax credits and nominal interest rate

b) $0.115/kWh assuming no tax credits and real interest rate
c) $0.083/kWh assuming a 30% tax credit and nominal interest rate
d) $0.088/kWh assuming a 30% tax credits and real interest rate

Although the $3.44/W solar plant cost is higher than the project's performance objective, LCOE
real-dollar costs of $0.115/kWh are essentially equivalent to the $0.110kWh target given first-year
actual energy production, contract costs, and assumptions about real discount rates. Additionally,
since Camp Roberts received a 30% investment tax credit for the project, LCOE as calculated in
case d) above, applies. $0.088/kWh represents a LCOE value 20% less than the $0.110 blended
cost of electricity from the utility provider.

Green House Gas Emissions:

The OMS (Online Monitoring System), which is Meteocontrol, has a web interface called
Safer’Sun. Safer’Sun has the ability to calculate greenhouse emissions saved based on the factor
0.8845051215 kg/kWh. When used for calculations, the actual GHG emissions saved associated
with this power plant was 783,420kg for the 1 year period measured.

Reliability:

Data from the OMS was used to determine if the demonstration met Nanosolar’s reliability
requirements. The price Nanosolar’s customers pay is based on the expected performance of the
system, which is modeled using PVSyst and based on flash test data of the panels Nanosolar ships
to the customer. The PV Syst report derives an annual expected kWh production of the system
accounting for numerous factors including weather variance, irradiance, soiling loss, panel
characteristics, inverter loss, and shading. The data monitoring logs the performance of the system
and Nanosolar can compare actual data to the expected energy yield of the system over a 12
month period. Nanosolar’s R&D group conducted extensive lab experiments to understand
degradation over time of Nanosolar’s panels allowing Nanosolar to extrapolate the data over a 25
year period and show the energy vyield for the life of the system.

In addition to panel degradation studies, Nanosolar’s Product Development team ensured that
solar plant components used in the manufacturing of panels, inverters, cables, and other BoS parts
were chosen and tested to ensure 25 year life.

Analysis of OMS data during the first year of plant operations showed that availability was

98.4%. A detailed examination of the daily data comprising of the monthly averages in table 4
shows 6 days in August 2012, during which no energy production was recorded. Additionally,
solar irradiance captured by the OMS appears low during one day in December 2012. Despite
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this, total energy produced and recorded exceeded the energy predicted by PV-Watts and as
described in the table below.

Photovoltaic Peak Capacity and Renewable energy Produced:

Table 5: Performance by Month vs. PVWatts Predicted Energy

Wind Solar
Ambient Velocity Irradiance Energy Predicted Energy,

DATE Temp Deg. C (m/s) (Wh/m?2) Produced (kWh) PV-Watts (kWh)
Jul-12 21.17 1.79 213,076.59 155,134.00 172,726
Aug-12 22.76 1.91 223,587.22 133,614.00 172,185
Sep-12 20.55 1.65 182,385.35 159,430.30 145234
Oct-12 16.63 1.11 134,714.06 133,384.10 126081
Nov-12 11.66 0.72 89,315.43 95,083.20 97404
Dec-12 8.02 0.73 66,660.95 65,385.90 81933
Jan-13 8.11 0.63 92,936.52 104,518.30 84632
Feb-13 8.49 0.83 106,049.44 111,162.00 97480
Mar-13 12.85 1.24 160,389.27 147,841.30 130042
Apr-13 15.76 2.03 212,277.54 179,860.20 150167
May-13 18.21 2.52 232,584.20 178,950.30 171897
Jun-13 20.95 2.17 241,594.63 170,954.30 167780
Jul-13 22.20 1.91 245,688.33 170,790.10 172726
TOTAL 1,650,974.00 r 1,597,561.00

During the first year of operations, the Camp Roberts solar plant produced and delivered
1,650MWh AC. Power delivered exceeded PV-Watts projected value of 1,597MWh by 3.34%
and is in line with industry experience where the CA Solar Initiative calculator underestimates
actual power generated by 5-10%. See table 5 above for a comparison of performance..

As mentioned in the section on Reliability above, daily production data included 6 days in August
2012, during which “no data” was recorded. It also included one day in December 2012, during
which measured irradiance and power generated appeared to be low vs. irradiance statistics.
Despite these events which reduced actual power produced (or recorded), annual solar plant
performance exceeded PV-Watts expectations.

Site Maintenance:

Verification that the site maintenance is carried out according to the proposed schedule for the
first year is the responsibility of the O&M contracting company, Belectric.. This was arranged by
Nanosolar in conjunction with the ESTCP office. Belectric is anticipated to be the O&M
company of record going forward, and arrangements will be managed by the federal government.

State of California Standard Agreement B0444 applies for the first year O&M. Beyond year 1,
Belectric estimates the following cost increases for years 2 through 5, or an average increase of
3.65%:

Year 2: 7.1%
Year 3: 3.0%
Year 4: 2.9%
Year 5: 1.6%
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During the 25 year life of the camp Roberts demonstration, O&M increases are expected to
average 3%, and this estimate was used for all appropriate calculation purposes.

Statistical Methodologies
Normalizing Data:

To normalize the field data, power output of the panels is adjusted to Standard Test Conditions
(STC). In normalizing the data, Nanosolar uses temperature coefficients to adjust the power
output to what it would be if the temperature was at Standard Test Conditions (STC) defined as
1000 W/m? irradiance at 25 degrees C. R&D tests at Nanosolar show lower temperatures lead to
higher panel voltage.

As a result of Nanosolar’s decision to cease operations by October, 2013, complete normalization
of data was not accomplished, although the non-normalized data provides results very close to
those that would be computed using data normalized to STC.

Graphical Methodologies

Nanosolar used both bar charts and tables when presenting performance data. This allows
Nanosolar to easily compare performance from Nanosolar’s system with existing technologies and
systems.

Modeling and Simulation
PVSyst:

PVSyst is an industry standard modeling program. It takes weather files and charts data over a
period of time (interpolating irradiance and temperature) to derive an expected energy yield of the
system. This software is very detailed and accounts for panel characteristics, angle of incidence
(AOI), soiling loss, inverter loss, orientation of the panels, shading loss, Ohmic loss of the system,
module mismatch loss, and module quality loss.

Meteonorm:

Meteonorm software creates weather files used by PVSyst. Typically, Meteonorm uses weather
station data collected over many years to derive expected weather parameters (temperature and
irradiance) that can be used with PVSyst to simulate how a PV system would perform. It uses
interpolation to fill in data-gaps where weather stations may not be present.

Sensitivity Analysis
Nanosolar has datasheets to provide information on how irradiance and temperature affects panel
performance. Normalizing the data to STC could have kept data from being effected by varying

environmental changes, however normalization of the data was not completed due to Nanosolar’s
decision to cease operations by October, 2013.
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Anecdotal Perspectives

The Operation & Maintenance (O&M) contract was awarded to Belectric as mentioned earlier in
this section.

See customer satisfaction section 9.0 for additional Anecdotal Perspectives.
Industry Standards
STC Conditions:

STC stands for “Standard Test Conditions.” It is a solar industry standard to rate panels. When
Nanosolar states it is using 200W panels, this means the panels were found to produce about
200W in a lab under STC conditions. STC condition is defined as 1000 W/m2, 25 degrees C, and
1.5 AM (Air Mass).

These standards are generally used in photovoltaic panels. Nanosolar has documentation that
manufactured panels adhere to the following list of standards:

e 61646 (thin film performance) and 61730 (all modules, safety)

ISO 9488 Solar energy

UL 1703

UL 1741

CE mark

Electrical Safety Tester (EST) Series (EST-460, EST-22V, EST-22H, EST-170).

PTC Conditions:

PTC refers to PVUSA Test Conditions, which were developed to test and compare PV systems as
part of the PVUSA (Photovoltaics for Utility Scale Applications) project. PTC conditions are
defined as 1,000 Watts per square meter solar irradiance, 20 degrees C air temperature, and wind
speed of 1 meter per second at 10 meters above ground level. PTC is an attempt at a more realistic
measure of PV output because the test conditions better reflect "real-world™ solar and climatic
conditions, compared to the STC rating. For its technology used in the Camp Roberts
demonstration, Nanosolar did not use PTC conditions for development, testing, or validation of its
cells or modules.

Internal Validity

The following events affect measured performance and are both difficult to predict as well as
control without incurring unreasonable preventative maintenance cost:

1) Soiling loss — O&M will involve cleaning the panels, but uncertainty regarding how much
dust and dew will occur in the PV plant site remains. Typically Nanosolar assumes 2%
soiling loss in the PVSyst simulation, but it could be more or less during operation in the
field.

2) Monitoring/ Internet Connection — Whenever the internet is lost for a longer period of time
than the data logger is capable of storing in its memory, the possibility of losing data
exists. If the data logger malfunctions and is shutdown, this will also result in gaps in the
data. However, the likelihood that the monitoring system will be down very long is
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minimal. Additionally, 12 months’ worth of data was collected so minimal gaps will not
be material to the results of the demonstration project. Assumed in this is timely issue
resolution if stakeholders note that monitoring is down. As an example of timely
resolution of a monitoring issue, when the system went down on August 15, 2012, the
issue was addressed in a timely manner.

External Validity

Validating future potential DoD sites will involve a developer performing the following work:

Evaluating the land to determine whether it is viable for PV.

Contacting the utility to determine if either a PPA or net metering is possible. Also seeing
if there’s a utility tie-in point nearby the site for interconnection.

Researching on state and city policies that may prevent PV to be installed in that particular
zone.

Running a PV Syst report to determine how much energy yield would be expected from a
PV system in that particular location and climate.

Running a financial model to account for the price for energy and then comparing it to the
IRR of the system over 25 years, ensuring the project makes financial sense.

Building Life-Cycle Cost Program

Building Life-Cycle Cost 5 (BLCCS5), a software tool that created the MILCON ECIP analyses,
was designed to evaluate the "relative cost effectiveness of alternative buildings and building-
related systems or components.” BLCC5's ECIP tool analyzes payback periods, IRR, and other
financial metrics for environmental improvement projects. Its solar-related rebate and incentive
tools are largely manual and not as developed as the SAM tool, but it has a strong use precedent in
the Federal Government.
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7.0 COST ASSESSMENT

For this demonstration project, cost tracking was very important. Table 6 represents the estimated
cost from Belectric as part of the proposal as follows:

Table 6: Belectric Hardware and Installation Cost (Estimated)

Item Cost ($)

Labor 347,780
Indirect Charge 1 (Direct Labor Overhead) 39,299
Major Equipment 2,300,000
Materials, Supplies, Consumables 150,000
Indirect Charge 2 (G&A) 255,337
Fixed Fee (Belectric Margin) 154,584
TOTAL 3,247,000

This chart did not anticipate the Davis/Bacon requirement which added $168K to the contract for
labor rates and brought the contract total to $3,430,000. Additionally, as mentioned earlier,
comparison of estimated and actual costs was not possible after 1 year of plant operation due to
lack of data from Belectric.

7.1  COST MODEL

Table 7: Cost Model for Camp Roberts Solar Plant

Data Tracked During the Estimated Costs

Cost Element Demonstration

$2,300,000 (includes 4998 solar
panels, a 1 MW inverter and all
associated BoS (racks, etc.)

Hardware capital Estimates made based on
costs component costs for demonstration

$555,079 including direct &

Labor and material required to indirect labor as well as contract

Installation costs install

addendum of $168K.

Estimates based on rate of $150,000 including misc. materials
Consumables consumable use during the field

demonstration
Energy Generation Ene_rgy _Generated by system 1,650,974 kWh AC

uring field demonstration
e Frequency of required $28,000/year for 1% year including
. maintenance inverter PM, grass & vegetation
Maintenance e Labor and material per control, and module washing, etc.
maintenance action
Estimate based on components 25 years.

Hardware lifetime degradation during demonstration

N/A (very minimal)

Operator training Estimate of training costs
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7.2 COST DRIVERS

The price of solar panels dropped dramatically since the demonstration project proposal was first
submitted in August 2010. This industry-wide solar pricing drop had a very detrimental effect on
solar panel manufacturers like Nanosolar. Many companies had to close operations. Going
forward, a renewed focus in the US on specialty applications such as BIPV (Building Integrated
Photovoltaic) and related applications is required to allow for higher margins for panels and to
ensure U.S.-based solar panel providers continue to be available to the government.

7.3  COST ANALYSIS AND COMPARISON

Although Nanosolar did not have access to the final cost numbers from Belectric, calculated
LCOE numbers presented earlier provide a clear indication that the project performed well.
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8.0

IMPLEMENTATION ISSUES

There were some issues with the project that are worthy of mention:

1.

6.

7.

Gaps in data: there were 6 days in August 2012, with no data and one day in November
2012, exhibiting low power generation compared to other days of similar irradiance. The
lesson is that data monitoring pays for itself by quickly identifying issues that need to be
corrected for maintaining the maximum possible incentive dollar amount. There were also
a few days in May 2013 that recorded no data for local temperature. This was likely due to
a bad sensoronce addressed, thedata recording returned to normal.

There were nine panels that experienced shattered glass failures during the first few
months of operations. These panels were replaced in November, 2012, with no further
incidents. The O&M provider also has a few (87 estimated) extra panels for future
occurrences if needed. Additionally, it would be possible to replace an entire string if there
are a greater number of failures over time as long as the electrical specifications were kept
within the tolerance of the inverter. An example of a frameless panel can be found @
Lumos Solar.com.

Belectric was slow to implement the O&M contract and the first service not completed
until 6 months after the system was tied to the PG&E grid in May 2012. The NAVFAC
technical program office will continue to monitor vendor performance going forward. At
the end of the contract period, an additional 4 panels were found to be cracked during a
visual inspection. These panels are scheduled to be replaced during the current month
(September 2013).

There was no official LCOE report done due to the planned shutdown of Nanosolar in
October 2013. This report calculates a best estimate that the program met the original
LCOE goals.

Panel and BoS costs continue to decrease with rapid standardization and commoditization
of components.

a. Panels have become a commodity with typical selling price in the $0.60-$0.70
range. Pricing is still slowly declining as of September 2013. Many industry
experts expect that pricing will completely stabilize by 2015.

b. Inverter pricing is also dropping and Nanosolar expects these components will
soon be a commodity like panels. It is predicted that the inverter will need to be
replaced in year 15 at a future cost likely to be significantly lower that today’s
costs based on industry trends.

Labor is a significant opportunity for cost reduction and may be enabled by investment in
simplifying construction and installation processes by improving racking.

a. Nanosolar’s expects the next areas to attack from a cost perspective are the racking
and other BoS components, as well as the soft costs. It is clear to the author that the
installed price of utility scale solar will be below $2/watt in the immediate future.
This is a testament to how quickly the goals of this project—first proposed in
2010—became a reality, and at a rate far faster than envisioned.

During installation, there were additional expenses required to cover the cost of an
archeologist to be present for all ground disturbing activities as the area was thought to
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have possible Native American artifacts. This was a onetime occurrence that would not
affect most future projects.

8. During installation, an additional $168,000 was added to the contract (contract amendment
No. P00003) by the Department of Labor because the original contract should have
included the Davis Bacon Act as well as Wage Determination CA29, modification 23,
dated 04/08/2011. This should be accounted for in future installations.
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9.0 CUSTOMER SATISFACTION

Telephone and in-person, informal interviews with Camp Roberts stakeholders indicate that
customer satisfaction with the technology demonstration project is “High” using a scale of:
e Very High

e High

e Average
o Fair

e Poor

While this evaluation is subjective, the primary reasons for this customer satisfaction rating
include positive assessments and/or perception of system cost, greenhouse gas emission savings,
percent system uptime, energy yield, and ease of ease of operations and maintenance. This report
was not available in whole or in part to interviewees during customer satisfaction discussions.

Additionally and for future projects, Nanosolar recommends that customer satisfaction interviews
and surveys occur on a quarterly basis during the first year of power plant operation. The Camp
Roberts project has shown that today's highly mobile workforce makes assessing customer
satisfaction challenging as participants move on to new roles and endeavors. As an example, only
five stakeholders associated with the project were available for interviews after the power plant
had been in operation for one year.

Despite the above, input from stakeholders and customers indicates that the demonstration project
satisfied their needs and expectations to a “High” degree.

9.1 FUTURE SOLAR PV POWER PLANT IMPROVEMENT OPPORTUNITIES

During customer satisfaction discussions and interviews, several improvement opportunities were
identified for future projects. Key inputs are captured below:

e During system construction, panel should be mounted higher from the ground for easier
maintenance and to prevent damage while the power plant is in operation. Mounting the
front lip of the panel at 48 inches versus the systems 24 inches could accommodate this
need.

e Operations and maintenance cost reductions could be achieve by modifying the system to
allow use of livestock (e.g. sheep) to prevent buildup of grass and weeds under and around
panels.

e Design teams should consider variations in panel mounting angle and this — direction to
optimize energy Yyield for peak summer loads when the solar PV power plant offsets
expensive utility electricity cost.

e Primary drivers of Balance of System costs are changing. Panels are becoming commodity
items, and inverter technology is moving to commodity rapidly. Consequently,
construction costs and other labor driven costs are becoming dominant and efforts should
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be taken to decrease time and costs associated with construction and maintenance phases

of future projects.
e The process by which stakeholders could review real-time energy production could be

clearer.

ESTCP Final Report 40 February 2014



REFERENCES

BELECTRIC. Web. Nov.-Dec. 2011. <http://www.belectric.com/en/home/>.

"Camp Roberts." Calguard.ca.gov. California National Guard. Web. 13 Nov. 2011.
<http://www.calguard.ca.gov/CpRbts/Pages/default.aspx>.

"Camp Roberts." GlobalSecurity.org - Reliable Security Information. Web. 13 Nov. 2011.
<http://www.globalsecurity.org/military/facility/camp-roberts.htm>.

“CLCA Columbia University.” Clca.columbia.edu — Center for Life Cycle Analysis. Web. 9 Sept. 2010.
<http://www.clca.columbia.edu/3DP.1.3_Fthenakis_Valencia_2010.pdf>.

“CPUC.” Cpuc.ga.gov — California Public Utilities Commission. Web. 5 Jan. 2012.
<www.cpuc.ca.gov/cfags/howhighiscaliforniaselectricitydemandandwheredoesthepowercomefrom.htm>.

"EGRID." EPA. Environmental Protection Agency. Web. 9 Apr. 2012. http://www.epa.gov/cleanenergy/energy-
resources/egrid/index.html

“EPA.” Epa.gov — Clean Energy. Web. 1 Nov. 2011. <http://epa.gov/cleanenergy/energy-resources/refs.ntml>.
Executive Order 13514. Rep. 8 Oct. 2009. Web. 13 Nov. 2011. <http://www.ntis.gov/pdf/EO013514.pdf>.

“Installed Cost of Solar Photovoltaic Systems in U.S. Declined Significantly in 2010 and 2011." ScienceDaily.
ScienceDaily, 15 Sept. 2011. Web. 11 Apr. 2012. http://www.sciencedaily.com/releases/2011/09/110915163959.htm

McCalmont Engineering. Web. Nov.-Dec. 2011. <http://www.mccalmontengineering.com/>.
Meteocontrol.com. Web. 14 Nov. 2011. <http://www.meteocontrol.com>.
Nanosolar.com. Web. Nov.-Dec. 2011. <http://www.nanosolar.com/>.

"Record Cost Reductions in US Solar Power Spurs Growth, in Green Jobs Too."CleanTechnica. 16 Sept. 2011. Web.
11 Apr. 2012. http://cleantechnica.com/2011/09/16/record-cost-reductions-in-us-solar-power-spurs-growth-in-green-

jobs-too/

Strategic Environmental Research and Development Program, Environmental Security Technology Certification
Program. Web. Nov.-Dec. 2011. <http://www.serdp.org/>.

"Sustainability, DENIX." DENIX.osd.mil. Web. 13 Nov. 2011. <http://www.denix.osd.mil/sustainability/upload/DoD-
SSPP-FY17-FINAL_Oct17.pdf>.

ESTCP Final Report 41 February 2014


http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html
http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html
http://www.sciencedaily.com/releases/2011/09/110915163959.htm
http://cleantechnica.com/2011/09/16/record-cost-reductions-in-us-solar-power-spurs-growth-in-green-jobs-too/
http://cleantechnica.com/2011/09/16/record-cost-reductions-in-us-solar-power-spurs-growth-in-green-jobs-too/

APPENDICES

Appendix A: Points of Contact

Point of Contact Ribdieatien Pg?rggif‘ Role in Project
John Bender Nanosolar (408) 718-7613 Principal
John.bender@Nanosolar.com Investigator
Merc Martinelli Ex-Nanosolar (408) 888-4784 Co-author

mercm@cruzio.com

Barbara A. Camp Roberts (805) 391-0302 Camp Roberts
Nuismer Barbara.a.nuismer.mil@mail.mil Commander
Sean P. Byrne Camp Roberts (619) 854-1948 Camp Roberts
Sean.p.byrne.mil@mail.mil DPW
. (510) 896-3335 Director of
John Graham Belectric John.graham@belectric-usa.com Construction
Darlene McCalmont (408) 871-9600 Reporting
McCalmont Engineering darlenemccalmont@mccalmont.net Consultant
PE CEM
Vern Novstrup NAVFAC (805) 701-9181 . Environmental
vern.novstrup@navy.mil S
Engineering
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Apendix B: Nanosolar Utility Panel Spec from “As Built” Documentation

Mancsoalar Utility Panel

nanosolar

Performance Electrical Characteristics at STC*

Maximum Rated Power TOOWN: — 2400 Rated Power (W) 180 190 200 210 220 230 240

Tolerance’ +- 5% Vier (V) 343 355 386 377 30.5 40.5 422
5 years material & workmanship T () E4 55 EE BT 57 58 58

Liriiied Warranty’ ﬁ%mmumh Voo (V) 450|450 478 487 495 505 514
80% nominal pawer output for lsc (A BST BT A7 87 &7 &Y &7

first 25 years

Max System Voltage 1500V
Max Series Cirtuit Fuse 254
Mechanical Characteristics Nomiral Oparating Cal A7°0

Length: 1937 mm (76 In)

Temperatura

Dimensicns Width: 1034 mm {41 in}
e D 20T Electrical Characteristics at NOCT?
Wieight 347 kg (7.3 Ibs)
- a = Ratad Power (W) 180 180 200 210 220 230 240
Framsless glassigiass laminate
Construction 3 mm tempered solar glass front Vige= (V) 301309 323 334 348 360 373
3 mm tempered glass back e (4 42 44 45 45 48 47 48
: & cells per sining
Cell Layout 14 strngs per i ln:ﬁ.ﬁ:! 5.3: 54 54 .!M:. 54 B4 .3“
80 mm cable {positive)
Duiput Cables .
. <KX s vl (et Qualifying Test Conditions
Ta L .
ity L b Temperatura Cycling  -40°C to +85°C, 200 cydles
4 clemps Tor 2400 Pa load 7
Mounting Systems ionad 2 rails for 5400 Pa D-al'r.lD HFEIE . 85% RH, B5"C, 19:)3 hr
Static Load Frontand 500 p 16 e

Shipping Quantities

Per Pallz
Per 20-foot 150 Comainer

Mechanical Drawing

WAV NN LA oo
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Hailsione Impact

25 mm diametar at 23 mis

Quality and Safety

+ [ECE1648 B 61730
= LIL 1703, Fire Resistance Class &
+ TUV Safety Class l up to 1500VDC
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Appendix C: eGRID2010 Version 1.1

eGRID2010 Version 1.1 Year 2007 GHG Annual Output Emission Rates

Annual total cutput emission rates for greenhouse gases (GHGs) can be used as default factors for estimating GHG emissions from
electricity use when developing a carbon footprint or emission invenfory. Annual non-baseload output emission rates should not be used
for those purposes, but can be used to estimate GHG emissions reductions from reductions in eleciricity use.

Annual total output emission rates
eGRID n @nang oxlde
subreglon (COa) [CH.) [Nz0]

acronym | sGRID sUbTegion name {INMV ) [IBIEWh) {IDIGWh)

AKGD JASCC Alaska Gnd 1,284.72 2711 .44

ARG JASCC Miscellaneous 535.73 2265 4.48

AZMM  JWECC Sputhwest 1,252.61 1B.80 16.57

CAMY  [WECC Calfornia 6E1.01 2839 6.23
ERCT ERCOT All 1,252.57 17.76 13.99 1,055.1% 19,69 563
FRCC FRCC All 1,220.11 41.19 15.25 1,266.41 43.40 11.50
HIMS HICC Miscelaneows 1,5343.82 135.15 21.71 1,645.57 12284 21.33
HIDA HICC Oahu 1,620.76 91.05 20.80 1,630.83 10618 18.52
MROE |MRO East 1,602.32 2879 29.05 1,905.18 3525 20.08
MROW IMRCI West 1,722.67 2B.57 2915 1,9688.69 53.59 32.08
HEWE |NP{.‘-I: Mew England §27.95 TE.53 15.20 120491 G0.ED 13.41
HWWPP  [WECC Northwest G653.79 16.34 13.64 1.279.58 43.31 13.75
NYCW NPCC NYC/Wastchestar TO4.80 2612 3.35 1,234.06 3765 4 6B
MNYLI NPCC Long Isiand 1.418.74 90.50 13.10 1,357.80 44 08 5.99
HYUR NPCC Upstate NY BE3.2T 17.41 980 1,384.20 31.55 16.19
RFCE RFC East 1,059.32 27.440 17.03 1,671.96 33.29 22.19
RFCM RFC Michigan 1.651.11 32.55 27.79 1,603.54 209 27.33
RFCW RFC West 1,551.52 18.37 25.93 1,962.05 24.30 31.43
RMPA  |WECC Rockles 1,906.06 2363 28.89 1,554.38 2317 16.45
SPND |S PP Morth 1,708.71 2112 2920 1,958.22 2540 27.75
SPS0 IS PP South 1,624.03 24.52 2242 143524 2503 13.14
SRMV |S ERC Mississippl Valley 1,004.10 21.80 11.15 1,171.05 28325 6.91
SN IS ERC Midwest 1,779.27 20.57 29.60 1,945.66 2402 29.69
S5RS0 [|SERC Soum 1,455.47 23,64 24 57 1,551.05 28.50 21.69
SRTW SERC Tennessae Valley 1,540.85 10,87 25.48 1,917.25 25598 30.05
SRVC SERC Virginia'Carglina 1.118.41 2236 19.08 1,661.11 3E.01 24 .51
U.5. 1,233.05 25.07 15.64 1,530.21 3233 18.41

~a

This is a representational map; many of the boundaries shown on this map are approximate because they are based on
companies, not on striclly geographical boundaries.
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Appendix D: CA Solar Initiative Projection for Camp Roberts

G0

CALIFORNIA
Incentive Calculator - CSl| Standard PV

The C=I-EPSE calculabor is 3 foo avallable to participants of the CS1 Program i detarmine the EPBE Deslgn Factor and caiculate an appropriate incentive level based on a
reasonable expectation of performance for an Indlvidual system. The C2i-EPES Calculator has alsn been created for consumer's to educate Memssives on the diferences of
solar sysiem deelgn and how changes to the PV system's specifications wil produce dHferent Kilowatt hour resuits over the course of 3 year. Piease be aware that ackual
performance of an Installed PY system ks based on nuMants Tactors, Including some factors that may not be considered In the CS1-EPSS Calculator. While this caicuiator
relies on Industry-standard assumptions, and ks driven by NREL's PV Watts v. 2 calculator, there may be other factors that affact the output of your PV System.

Propossd
Site Specilcations:
Projact Name Camp Roberts - Nanosodar
FIP Coda 93451
oy San Migued
iRy PGAE
Customer Type GovemmentMon-Proft
Incantive Typs -
PV System Specifications:
P Moduie ManosoiarNanasoiar LIy Panel 200W
200.0W STC, 175.00W PTG
Mumber of Modulas =000
Mounting Method 5" average standat
D Rating (kW 5TC) 1000.00040
DC Rating (KW FTC) &75.0000
Irrvester Sa3tCon Technology PVS-500 (MUT)
Mumber of Inverters 2
Imverter Efdency (%) 95.50 %
Snading Minimal Shading
Tracking Fieed
A3y Tit {degrees) 0
Ay Azimuh (degrees) 120 True North 07
Estimatsd Monthly Froduction

171637 1g77gy 172126172185

B Froposed
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Propossd

Results

Annusl BWh 1,557,559

Summer Months May-Ociober

Summes KW 955,302

CEC-AC Rating BI5.625 kKW

Capadty Facior 21.524%

Prevaling Capacity Factor” 20.000%

Dieaign Factor? 109.120%

Eligitia Annual kah® 1,557,559

Incaniive Rals $0.114%Wh

Incantive® $910,609
Piease be aware that PGAE has recelved enowgh non-esidenilal projects to mowe Into Siep
10 {once all projects are reviewed and reserved). The tolal capacity under review is 90.58 MW
and the total capacity avallabie In Stap 3 s £1.43. It 15 very Ikely Mat your project wil recaive
Tunding In Step 10 (S0.0AWN).

FReport Generated on 2ATR0Z 1110051 AM

Notes:

Capaolty Fasdor: This Iz B estimated annual output of B propsesed sysiem dividesd by 5780 Hres the CEC-AC ming.

Prevalling Capssdty Fagior: This is 18% during ncentive steps 2 and 3 and 20% during Incentve steps & thiough 10.

Daedgn Faotor: This I= e rabio of the Capacity Facior and Se Prevaling Capacity Fackr.

Eligitie Annual k¥Wh: For systers greater San 1MW (CEC-AC Ratngl, this 15 the proraied estimated annual cufput of the propessd system.

Inoeniive: This b the esimated okl incenive for B proposed system, and Is calouisied == the esSmaied sighle annual oulput times the incenSve s Hmes 5 pears

The Incendve pakd will be basad on the acual production of the: iRstalsd sysem.

Fieass be awars that the Anal C21 Incentyve ral= that s reseryed for you wil be datermined by your CE1 Frogram ADminisirasor a8 the tme your nesarvation Feguest (R

application Is approved, and may be lower than the current iIncentive rabe shown In e CS1 Siabewide Trigger Point Tracker. Flexse note that final incentive amounts are

subject & CRange based Upon the CoRfiguration of the as-bullt system. (Fer the C21 Hanabook, NC pojacts of appications ans resarved C:E1 fUnding untl all required
has bean and I wrEing by the Program Administraior |

& A5 of 80T, e C21-EFEE caCulatr parforms Founding a5 follows:

o EsSmaied KW produciion Is rounded io e Kilvh

O CEC-AL rating ks rounded o the walt

O Capacky facior s rounded b 5 signBioant digits

o Design Sy0ior |15 rounded o S significant dgits

o

E-mail csi-epbb@aesc-inc.com with questions or comments.

=y

2007-2010 Califarnia Solar Initiative Program Administrators | conditions of use | privacy policy | accessibility
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Appendix E: NOAA Solar Calculator for Camp Roberts

NOAA Solar Calculator

Find Sunrise, Sunset, Solar Noon and Solar Position for Any Place on Earth

Show: (World Cities

Saving Time is in effect for your site.

#U.5. Cities

()GMD Observ.'s

(MGMD Data Sites

Qlick one of the small pina near {and in the same time zone as) your desired location. Use the control on the left side of the map to zoom in or out. Place the large pin
in the exact desired location. You can use the Save button o have your computer rememiber the current bocation for next time. Check the DST check box if Daylight

(5urfRad

[ Vap | Satoite | Hybrid |

(. J 5, ." -
Location:|| Lat 35. ?94 Lng -120. TBB?EGB Time Zone -6 DST?0 Save
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Date: | Day Mon ¥r2013  ||Local Time:[14  :01 [:}00 | OPM|
Equation Solar .
of Time | Declination Appa.rent Solar Noon: Apparent AziEl ['". )t
. ) . Sunrise: Sunset: Local Time:
(minutes): in %)
1.65 -23.44 14:01:17 18:53 1?9 92
e NN RN
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Appendix F: Customer Satisfaction Survey

Overall System Performance

The Nanosolar demonstration solar power plant successfully met objectives through
its first year of operation, namely that DoD military installations throughout the U.S.
can benefit from competitive electricity costs through on-site, distributed solar

1 generation.

System Economics (LCOE) of $3.2/W solar power plant cost (11c/kWh real dollar
2 LCOE) was achieved

3 Reliability / Uptime of the 1.0MW Camp Roberts solar system met expectations

Photovoltaic Peak Capacity (Power Delivered) matched estimates with less than or
4 equal to 3% degradation of power peak delivered, normalized for STC.

5 Site maintenance during the first year of operations met expectations

If you have other overall system performance feedback, please enter in the
6 Comments section

Design & Development Phase

7 Facility/Site Selection, permitting, and regulations compliance met expectations

System design, including panels, inverters, racking, cabling, and other Balance of
8 System (BOS) components met expectations

The web-based performance monitoring system with security to measure and
analyze system performance at 15-minute increments and help calculate the LCOE,
9 along with video of he installation met expectations

The project published standard designs for the DoD for 1MW, 3MW and 5SMW
10 distributed generation, solar power plants to expected levels of thoroughness

Appropriate design reviews and phase checkpoint meetings were conducted, and
11 stakeholder input considered in future iterations of the project design

If you have other comments, suggestions, or improvements regarding what should
be done on future projects during the Design & Development Phase, please enter in
12 the Comments section

Project Construction Phase

13 Site preparation and layout activities met expectations

Ordering, delivery, and installation of modules, racking, inverters and other project
materials was timely, met schedule requirements, and was installed in a quality
14  fashion
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Pre-system energizing testing and calibration occurred in a thorough fashion,
15  eliminating power plant start-up problems

Interface with PG&E, City, and other regulatory agencies was handled in a thorough,
16  efficient, compliant fashion

17 Post-construction, the site was left in a clean state

Sufficient Construction progress reviews occurred, and feedback incorporated into
18  the project

19 Construction phase work was completed in a safe, compliant fashion

If you have other comments, suggestions, or improvements regarding what should
be done on future projects during the Project Construction Phase, please enter in the
20  Comments section

Operations & Maintenance

Maintenance and testing of power distribution equipment, visual inspections and
21 module replacement if needed has occurred on a timely basis

Spare components, inverter parts, extra fuses, specialized tools & equipment is
22 available as needed

23 Daily monitoring, reporting, administration and hosting is working to expectation

24 Vegetation control, grounds maintenance, and panel washing occurs as needed

If you have other comments, suggestions, or improvements regarding what should
be done on future projects during the Project Construction Phase, please enter in the
25  Comments section

Other

If you have other comments, suggestions, or improvements regarding what should
26 be done on future projects, please enter in the Comments section
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Appendix G: PG&E Net Metering Statement

. 4 Y
Pacific Gesand ~ PACIFIC GAS AND ELECTRIC COMPANY -7 J _ .f-.'?"a

NET ENERGY METERING ELECTRIC STATEMENT ~( )~ s O |
urgd Eectric Company THIS IS NOT A BILL rai e

Service Dates: August 15,2012 to September 16,2012
|_True-up period from May 2012 to Apr 2013 |

CALIFORMNIA NATIONAL GUARD Rate Schedule: E20P/NEMEXPM
HWY 101 Account 1D: 1772622118
PASO ROBLES, CA. 93446 Service [D: 1772622005
PAGE 1
CURRENT MONTH'S NON-ENERGY CHARGE: $32,77H.56%

*This amount is reflected on your regular monthly blue hill and ineludes the
following components; Transmission $4,727.19, Distribution $14,994.77 and Generstion

£13 056,00,
CURRENT MONTH'S ENERGY CHARGE:

529.998.07
TOTAL CHARGE:

$62,776.93

To determine the total aunmmt‘zgu muest pay this month, please add Cumolative Energy
LCharges of 3116,125.14 to the *Total Amount D™ appearing on your blue bill statement,
Please puy this total amount instead of the "Total Amount Due on your blue bills. ¥our
"Total Amount Due” may be negative.

"ENERGY CHARGES/CREDITS
Current Month Energy Charge or Credit (-} B29, 99807

Cumularive Energy Charges or Credits (-) for the current true-up period; $116,125.14
This Cumulative Encrgy Charge docs not reflect aimy payment you mey have made.

Any credite you mnﬁ' have sccumulated for net generation will be used o off-set
any fsiure coergy charges within the current irie-ugp period.

CURRENT MONTH METER INFORMA TION:

FRIOR | CURRENT | FRIOR | CUREENT
CHANMEL | METER | READ READ READ READ USAGE
v} BADGE | DATE DATE TIME TIME (LWH}
BRI MOETEE | ORASN2 | oA1edl2 24:00 2400 375,024
BRI Mus?es | ORISND | OsIGi 24:00 2441 =141 172
TOTAL 365 754

CURRENT MONTH REVAR INFORMATION:

FRIOR | CURRENT
METER | READ HEAD LISAGE
CHANMEL Il | BADGE | DATE DATE (REVAH)
BRMHEE MORPEE | OR(I5M2 | (501607 118,121
TOTAL LN

CURRENT MONTH TOU DERAND:

TOL DEMAND | MAXIMUM
SEASON | FERIOD | CONSTANT DEMAND
Summer Peik 180 1,200
Bufrmer Fan 1ED 11125
Summier o 1R B

For inquiries about your Ned Energy Metering bill. please contact the Solar Cusiomer Service Cenrer al 1-B77-T43-4112,
For all seher inquirics, please call [-800-743-5000,

Date Billed: 09/20/12 Billing Point ID: BOOOOS S04
Biller: R4GI
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LY s Fa

cific Gas and PACIFIC GAS AND ELECTRIC COMPANY = -~~~ ﬁ

gﬂ’ﬂ'ﬂm MET ENERGY METERING ELECTRIC STATEMENT ':_G: l{v}
L 1 e

u THIS IS NOT A BILL
Service Dates: Angust 15,2002 1o September 16,2012
[ True-ap period from May 2012 to Apr 2013 |
CALIFORNLA NATIONAL GUARD Rate Schedule: X0 NEMEXFPM
HWY 101 Account 1D 1772622118
PASO ROBLES, CA. 93446 Service [D: 1772622005
FAGE 2
ENERGY TRUE-UP HISTORY: -
RILLING BILLT0 | SUMMER | SUMMER | SUMMER | WINTER | WINTER | TOTAL | ENERGY
MONTH DATE o PAET OFF FART {3FF ENERGY CHARGES
ICREDITS
SEF 2011 09016112 33,765 | 73,634 | 235,338 68,75 | 529,56 07
AUG 2012 21312 neaT | ELE0 | 240360 33916 | 53174261
JUL 2012 0T anger | 660 | 206563 JeTm | 525674.ER
JUN 2012 06¢17/12 15233 | 4207 | 1sa6ss 46345 | S19003R 19
MEAY 012 15117113 gt | awens | iman | mosa ) enas | sRsaEn | sekTiie
TOTALS - 1,013 | 5116,125 14
CTEY LBAMES WE -1 Inc] all eneTEy el BITHAIAS Al [anes,
 Metkwh B Sum on | [P ™ 5um o Hwin on [ v o
240,000 s
i b
200,000, i :'-_
i 5
160,000 J%ﬁ ke
[ I
£l A
120,000 &t :
bt 3 -‘-I‘
B0,000 sz
40.000 #
;
o = 3
f Soz 2012 201z 7012 2012
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Appendix H: LCOE Calculation Details

Present value of Operations and Maintenance, Camp Roberts

O&M Cost / Year for Life of Camp Roberts

Year 0O&M Cost Year O&M Cost Year O&M Cost

1 S 28,000.00 11 S 37,629.66 S 21.00 S 50,571.11
2 S 28,840.00 12 S 38,758.55 S 22.00 S 52,088.25
3 S 29,705.20 13 S 39,921.30 S 23.00 S 53,650.90
4 S 30,596.36 14 S 41,118.94 S 2400 S 55,260.42
5 S 31,514.25 15 S 42,352.51 S 25.00 S 56,918.23
6 S 32,459.67 16 S 43,623.09 Total S 1,020,859.40
7 S 33,433.46 17 S 44,931.78 Average S 40,834.38
8 S 34,436.47 18 S 46,279.73
9 S 35,469.56 19 S 47,668.13
10 S 36,533.65 20 S 49,098.17

Real Discount Rate Calculation

Assumed Inflation Rate 2.00%

Calculated Real Discount Rate 0.98%

Fischer Equation

Real Discount Rate =r=[(1+i)/1+E(I)] - 1

where i = Nominal Interest Rate

E(1) = Inflation Rate
O&M Net Present Value Calculation
Nominal NPV Real NPV
Net Present Values I'S 700,000.00 g S 896,848.39
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Energy Production Calculation

Enerqy Per Year, Calculated

Year MWh KWh Year
1 1650 1650000 11
2 1637 1636800 12
3 1624 1623706 13
4 1611 1610716 14
5 1598 1597830 15
6 1585 1585048 16
7 1572 1572367 17
8 1560 1559788 18
9 1547 1547310 19
10 1535 1534931 20

Assumptions

MWh

1523
1510
1498
1486
1475
1463
1451
1439
1428
1416

KWh

1522652
1510471
1498387
1486400
1474509
1462713
1451011
1439403
1427888
1416465

Year

21
22
23
24
25

MWh

1405.133
1393.892
1382.741
1371.679
1360.705

KWh

1405133
1393892
1382741
1371679
1360705

Total
Average

37522.54
1500.902

37522543
1500902

e Linear degradation 0.8% per annum, for a total life-of-project degradation of 20%.

LCOE Calculation

Nominal Int Rate O&M Cost S 700,000.00

Real Int Rate O&M Cost S 896,848.39
Project Cost, No Tax Credit S 3,430,000.00

Tax Credit 30%
Project Cost, Tax Credit S 2,401,000.00
Energy Produced 37522543

LCOE No Tax Credit, Nominal Interest Rate on O&M
LCOE No Tax Credit, Real Interest Rate on O&M
LCOE Tax Credit, Nominal Interest Rate on O&M
LCOE Tax Credit, Real Interest Rate on O&M

$0.1101
$0.1153
$0.0826
$0.0879

The following assumptions and data were utilized for computations:
e AO (Annual O&M): $28,000 for year 1, increasing 3% per annum for the life of the plant

e RV (Residual Value): $0. Plant assumed to have no value at the end of its life

e N (Plant Life)= 25 Years
e DR (Discount Rate):
o0 i (Nominal) 3%

o r(Real): 0.98% (Calculated via the Fischer equation, see section 5.4)

e E(I) (Inflation Rate): 2% (Per U.S. government stated target rate for inflation)

e Project Cost = $3,430,000

o With 30% Investment Tax Credit: $2,401,000
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Appendix I: PG&E Form 79-974 "Generating Facility Interconnection Application*

ECTRIC SANMPLE FORM O 7

1 3 [F A T INTERCONM EE TN HEE10000

OR MOM EXFORT OR CERTAM MET ENERGY METERED GEMERMT NG
O LUTIES (EETWEEN 30 KW AND ey

il
-
v T
=

Plheass Rader 1o Alleched
i ey

Brlnm B Sy
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W (05N, GENERATING FACILITY INTERCONNECTION
' APPLICATION FOR NON-EXPORT OR CERTAIN
NET ENERGY METERED GENERATING
FACILITIES {Between 30 KW and 1,000 KW)

Lt i AT

A AopiabiEy Tha Sesarsing Feclis mercormsecicn Sppdiosbon (eoslbomdon ] e o o wapsas T rmarmomeecios of B Bon-
Exp=at or cavimin Pt Ty Wacerss Chrsanisg Facilils tebewman 30 00 and 1000 BN o Fecific Sae a~d Cede Companss
[PGAL ) Daribuson Symmm povar which Sa Caltern P LiEes Commmsden (OFUC e urssdictend. Aafer iz PG Da
Auis I i demrmire e o= epdwms T b iseorrsding 8 Cararwing Fediey. Copliwed e ussd oS
dsslowion, pre nob aitscsing. dedrad Merwr, Dl o B o Teanings 5E dalfrsd i PG Ty Pos B e P |

Ereapd me rotesd ' B rec mragrees., This Sppilcondan rey b ossed o sy Carmrning Foacillts o os opsrsesl oy, or e
Cummrwr oo Pr=hcwy (o socdeman o se~e part or ol of Be seors sraegy ssquiemes e o] sdeeemss b prosded
by POAL, ireisding disdindsd perarydon, cogenesion, amarganoy, bacarp, marehs pararwion, are carsin Hee Craegy
EHaiwrsd Cararwing Feclise & wmpler, inodse b b sl pvsllsbds roer POALD e e Dreegy Haiwdng Cosizewes wis
Somr wrddor Wlad Cecire Caranrding FPecdiEse Bas don 335Y Foar 75110971 Thie formi e seslmsse on PGS e wabalis ol
bz eeere cog oo oer. Vehile Cussrene opsnrdng Crermcating FecdiEss sdyes from PGAD Dherbodion Symiem aw rex
chigsind fo enisr o 8 nisrcorrecion dgreerent wit PGED oada of e Soplicsios will el ress o b cemeearss] = s
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'! Hecun Company  GENERATING FACILITY INTERCONNECTION
. APPLICATION FOR NON-EXPORT OR CERTAIN
NET ENERGY METERED GENERATING
FACILITIES {Between 30 KW and 1,000 KW)
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Blpink Lnsiginry GENERATING FACILITY INTERCONMNECTION
- APPLICATION FOR NON-EXPORT OR CERTAIN
NET ENERGY METERED GENERATING
FACILITIES (Between 30 KW and 1,000 KW)

Flaass ohso all that apphy:

1 A Mew Genemting Sacity nEmonnacion [t 3 SrsEng serice).
a Prrgsical Changes o ani inb=rronnecied Sememaing Facity with presdous aporoval by PGAE
(Eiding P paredss, Changing rerernfurbines or changing ioad andior operations L
1 A Mewintemornection In conjuncion with 3 res service.
A Appliceation for Sarvlios ot be completed . SodiSoral Tess ray be reguined [ & serdice
o in= eyi=rsion B reguired in soroedance with FGAE Blecinic Rules 15 and 151 Fleass
contact FOAE &t TEIHAOE-SOD0.

1 An intenoornection under Direct Aocess (DA
' Cusinmers apphying for Inberconnection who ane sensed Under Dinect ACcess by an Eeciric

Sarvice Prowider (257 must contact Sheir ESF directly for Imkcsalon regarding B oplions
avalabde under ther Direct Aoress ooniract

a An Imencornsction under Community Sholos Aporegaion Sariioe (S0A Service].

1 Cusiomers appiying Tor Inerconnection wito are seresd under Communy Chaoice Aggregeation
Service (C0A Sendioe) by Comrunity Choloe Aggregainr FC5GA) must confact Hhedr S5A
dir=Sy for Informration regarding e opbions. el abde umcer Tl S04 Serice Frograr,

1 An maerconnecied non-exportng Generatng Faclly (ioad atways spcmads, gerertion).

Cuctomess Elsotric &cccunt Somact Infomration
(T b e Cuemeer ot o progress. Uit andior socioral IrrormmnatonT )

ot Persaon Ty Mame
Fhone - 1§ E+—al
ksl img Aaodress CEy ol Jp

B. Projsot Contaot information [Wihno s e project manager for this Gensrating Facliy™)

Progeit Contact Person (Opticnal’ Ty Mame
Fhone - 1§ E+—al
ksl img Aodress Cly ok Jp

B.1. Wl the Semeraling Facility e owred by @ (Hhind) party ofhier $ean e noame appeaning on the PSEE

serdhoe aroot in A shoe (piesrse check )T Yies o
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'I. 'I I.I|| ¥ GENERATING FACILITY INTERCONNECTION
o APPLICATION FOR NON-EXPORT OR CERTAIN
NET ENERGY METERED GENERATING
FACILITIES (Between 30 KW and 1,000 KW)

A, Cushomer: Faolfty Inberocrmeation &gresment | 3F1A] or Cusimes Senamabon
Agresmant [COA) for 3¥ Geepesrator on Presmicsc] Indemration (Plesse ldenify e party theak sl
EaerulE e appilcads apresentl. 0SB not appicabie o Met Ensngy Metsring (MER) Applocants
becauss FEEE and e Customer, nof the 37 Party F &y, miust smber imin e Bt Energry Mistering
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!l Pacific Gas and
Elecine Company

GENERATING FACILITY INTERCONNECTION
APPLICATION FOR NON-EXPORT OR CERTAIN
NET ENERGY METERED GENERATING
FACILITIES (Between 30 kW and 1000 kW)
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'_1 e | GENERATING FACILITY INTERCONNECTION
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Appendix J: PG&E Form 79-978 "Interconnection Agreement for Net Energy Metering
of Solar or Wind Electric Generating Facilities"
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Irteroonine-obicn Agresmsnt for Mat Enargy Bataring of 3o or 'Wind Elsoiria
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Appendix K: PG&E Form 79-998 ""Expanded Net Energy Metering (NEM) Supplemental

Application™
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Appendix L: Camp Roberts PV Power Plant 100% Design Submittal Drawings

Camp Roberts design drawings are available by contacting the PE CEM Environmental Engineer
from the Environmental Compliance Branch, Naval Facilities Engineering Service Center
(NAVFAC). The file name containing this information is:

e Camp Roberts_Approved Set 01-23-12_Portfolio.

Due to its file size of 13.7Mb, the destailed design drawings are not included in this report.
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