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EXECUTIVE SUMMARY
INTRODUCTION

The Florida PV Buildings Program is a collaborative effort among the Florida Energy Office of the
Department of Community Affairs (FEO/DCA), SandiaNationd Laboratories, the photovoltaic industry, nine
end-user groups, and the FloridaSolar Energy Center. 1t complementsthefederal government’ sMillion
Solar RoofsInitiative (M SRI), which callsfor onemillion solar installationsinthe U.S. by 2010. Based on
the present level of activity and assuming arelatively small growth rate, it is estimated that approximately
140,000 solar pool and domestic water heating systemswill be installed in Floridaby 2010, aswell as
20,000 utility-interactive rooftop photovoltaic systems.

Themarket for utility-interactive rooftop photovoltaic systemsis expected to belargely subsidized until
significant price reductions are achieved. Revenue sources include:

. Photovoltai c system buy down (from January 1999 through December 2001), inwhich fundsare
being used to buy down the cost of PV system ingtdlations and for performance monitoring. Buy-
down fundsarebeing distributed in two ways: 1) contract awardsfor projectsinvolving multiple
system installations based on proposals or |etters of interest submitted in response to a formal
solicitation, and 2) rebatesfor single system installations made directly to PV system suppliersfor
ingtalationsthat meet programrequirements. Thesupplier must gpply for therebate before ingtaling
the system.

. Green pricing (present to 2010 and beyond) is the linchpin of the entire Florida PV Buildings
Program and involves marketing, promotion, public awareness campaigns and solar project
implementation. Green pricingislongterminnature, can cover al sysemingtdlation costs, and will
produce significantly more revenue thanisavailablefor buy downs. Itssuccess dependson active
participation by investor-owned utilities, municipal utilities and rural electric cooperatives.

. Buy up by end users is dependent on the threshold price at which PV technology becomes
economically atractiveto variousend usars. Thisprice might be $3 per watt for amunicipa eectric
utility; $4 per watt for many energy conscious homeowners; and $5 per watt for alarge number of
government agencies. Thisthreshold price can only be estimated until much better dataisavailable
on costsfor interconnection, insurance, operation and maintenance, etc., aswell asdataconfirming
the value to the end user of PV electricity produced over time.

. Contracts, grants and other subsidies, including long-term, low-interest financing. Examples
includethe UPV G TEAM-UPawardsand ahost of funded activitiesfrom the HoridaEnergy Office.
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During theperiod of subsidization, the Florida program choosesto invest both time and money in learning
and preparing for new marketsbased onvaue. Learning isachieved viaapplication experimentswith nine
end-user groups, which include municipd utilitiesand rura dectric cooperatives, commercid building owners
and operators, government and public agencies, school and church organi zations, manufactured building
corporations, investor-owned utilitiesand energy servicecompanies, commercia roofing companies, builders
and devel opers, and homeownersand buyers. Of the nine end-user groups, utilities are encouraged to play
leading rolesin program implementation. Emphasis has been placed on reducing ingtdlation and other non-
modul e cogts, determining theimpact of distributed generation on the utility grid; designing energy-efficient
PV building systems; optimizing uninterruptiblebuilding power systems; eva uating desirableand cos-effective
array-roof configurations, identifying better ways of integrating PV materiasinto buildings, and improving the
reliability and durability of dternativeinverter configurations. Toimprove and managethequdlity of rooftop
photovoltaicinstallations, FSEC providescomprehens vetechnica support servicesand offerstrainingtied
directly to the implementation of specific projects.

The data and information from the application experimentswill dlow different end usersto assessthevaue
of various photovoaltaic building gpplications. It isimportant to note that the value many end users associate
with photovoltai c sysemsmay not bestrongly tied to economics. Examplesincludetheval ueassociated with
reduced greenhouse gases and a cleaner environment; the value of |ess dependence on imported and
depletablefoss| fuds, thevaue of agreenimage; thevalueof improved public relations; the value of having
uninterruptible building power; and, in the case of utilities, the value of providing customerswith the option
to choose renewable resources to meet a portion of their energy needs. The dataand information collected
will help market-focused organizations prepare va ue propositions for avariety of PV building applications.
End userswill bemuch better prepared to establish performance expectations and make decisions concerning
photovoltaic building systems. They will also have much better data upon which to baselife cycle cost
analyses and business planning.

SUMMARY OF OBSERVATIONSAND LESSONSLEARNED

This section summarizesthe observationsand lessons|earned in implementing the Florida Photovoltaic
Buildings Program after approximately two years of operation.

Conducting Application Experimentsfor Targeted End-User Groups

. Theapplication experiment with the City of Lakeland combining arooftop photovoltaic (PV) system,
super energy-efficient building design, and peak |oad reduction is producing excellent data, has
benefitted themunicipal utility and the builder, and appearsto beapotential high-valueapplication
for homeowners, commercial building owners and operators, and builders and developers.

. Almogt dl of the application experiments conducted thusfar haveinvol ved utility-owned, distributed
generation and should be useful in generating statistically-significant datafor business planning

purposes.
. At present, themost appealing application experimentsinvol vedistributed generation with utilities
Florida Solar Energy Center Page -2-
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owning, operating and maintaining PV systems on schools. These projects typically involve
introducing solar and renewable curriculainto the classroom.

. Threeapplication experimentsinvolving flexible photovoltaic laminatesbonded to meta roofing are
underway and should provide useful information on performance, aesthetic apped, and dternative
approaches to bonding.

. Of the nine targeted end-user groups, municipal utilities have shown the greatest interest in
participating in the Florida program thus far. Because photovoltaic technology and grid-tied
goplications are new to many of them, project development and technica assstance have proven to
be very beneficial in eliciting their participation.

. Thepresent commitment frommunicipd utilitiesin Horidaisfor over 120 PV sysemingd laionswith
atota capacity of nearly 400 kW. Thesecommitmentsare expected toincreasedramatically inthe
near future.

. Participation of thefour investor-owned utilities has beenlimited but isexpected to increase over the

next couple of years. (Note: Investor-owned utilities operate under many more constraintsthan
municipa utilitiesand rural cooperatives. Congraintsincludestateregulation, responsibilitiestotheir
shareholders and, in some cases, the size and management structure of the organization.)

. A better approach needsto be used in devel oping application experiments with commercia building
owners and operators than that used so far, which hasinvolved working with energy and facilities
managers. Whereas this group is very responsive to energy efficiency, conservation, and
economically attractive renewabl etechnol ogies, they arelessresponsiveto grid-tied PV because of
high costs and because their jobs are to reduce costs. Only two commercia systems have been
installed to date.

. Greater effort needsto be expended inworking with government agencies. Only two systemshave
been installed for government agencies (one in Pennsylvania).

Creating Effective Partner ships and I dentifying Financial Resour ces
. Theprincipal organizationsinvolved in the FloridaPhotovoltaic Buildings Program arethe Florida

Energy Officeof the Department of Community Affairs, the U.S. Department of Energy through
SandiaNationd Laboratories, nine end-user groups, the photovoltaic industry, and the Florida Solar

Energy Center.

. All organizations played key rolesin developing the program plan and providing the technical,
financial, management and organization resources necessary to implement the plan.

. The key to the early success of the program has been the role of the FloridaMunicipal Electric

Association (FMEA) and participating utilities. Through the SunSmart Community Partnership,
FMEA has been the focal point for communication among its member utilities, and for getting
cooperationinmarketing green pricing programs. Presently, eight municipal utilitieshave committed
to PV projectsinvolving over 100 systems. (For a description of SunSmart, see the section
Creating Partnerships and I dentifying Financial Resour ces.)

. Theleveraging of state funds, which were provided by the Forida Energy Office of the Department
of Community Affairs, has worked well to kick start the program. For every dollar the state
invested, four dollars were raised by the partners.

. The process of issuing a Request for Proposals (RFP) led to contracts of $100,000 each with two

Florida Solar Energy Center Page -3-
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different municipd utilities. However, adisadvantage of this approach wasthat (once the RFP was
issued) it did not dlow FSEC to assist organizations that were interested in participating but did not
have the necessary resources or experience to prepare a competitive proposal.

. Because of the limitations of the RFP approach, FSEC more recently issued requestsfor L etters of
Interest. This approach islessintimidating and one that is recommended.

. The ForidaPower & Light Company green power solicitation was successful in raising sufficient
fundsfor the installation of a 10-kW grid-tied system at their Martin County facilities.

. Other green programs are under consideration and development by utilitiesin Florida.

. Very little response has been received to the FSEC rebate program, which is designed to buy down
the cogtsof individud instalationsat arate of $2 per wett. Given problemsrelated to interconnection
requirements and prices, thisis understandable.

. Asadtrong participant in the Horida program, the City of Lakeland was successful intheir proposa
to the Utility Photovoltaics Group (UPVG) TEAM-UP program. Seventeen sysemswereingtdled
on portable classrooms in Polk County.

. The Legal Environmenta Assistance Foundation (LEAF) isworking with dl the investor-owned
utilities, the Florida Public Service Commission, FMEA and community groupsto get them to make
greater investments in renewable technologies, including photovoltaics. These efforts are
complementary to the gods of the F orida Photovoltaic Buildings Program and should lead to many
more system installations.

. The solar industry expressaed serious concerns about theinitia requirement that ingtalled system prices
belimited to $7 per watt. These concernswere well founded given the high transaction costs and
variationsin the PV system packages that were being offered. This requirement has since been
dropped.

Overcoming Barriers

. Thesnglegreatest barrier to the devel opment of amarket for customer-owned, grid-tied PV systems
isthe problem associated with cumbersome and ingppropriate interconnection requirements, which
include technical, insurance, metering and billing issues.

. Viaworkshopsand direct communication, FSEC believesit hasbeen successful incommunicating
therel evant technical information regarding personnel safety, equipment protection, power quality,
and reliability of serviceto utilities.

. The response of Floridautility companiesto the IEEE P929 has been documented and has been
overwhelmingly favorable.

. Deays of nearly ayear in getting IEEE P929 approved by the |EEE Standards Board may have
jeopardized the prospects of establishing appropriate interconnection requirementsin Floridawithin
areasonable time frame.

. Rather than concerns over the technical issues, some utilities have stated that their most serious
concerns are over precedence setting and liability.

. Someutilities, both in Horidaand throughout the U.S,, are using theligbility insuranceissueto symie
PV system installations.

. Utilities have also expressed mgjor concerns about net metering and appear unwilling to yield.
. Net metering should be viewed as an incentive (possibly only an early incentive) to promote the
Florida Solar Energy Center Page -4-
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development of renewable technologies, the use of which isin the long-term interests of society.
. Direct sdes of multiple systemsto utilitiesfrom photovoltaic manufacturers should help to bring costs
down.
. The standardizing and packaging of PV systems should help to bring installed pricesdown. There
isstill room for significant improvements in the packaging of systems.

. At the present time, transaction costsfor individua salesof grid-tied PV systemsare very high and
make the technology relatively unattractive to many potential end users.
. Ingtall ation costs have been reduced significantly by the City of Lakeland. After completing FSEC's

training courseand performing multipleingd|ationsof thesame configuration, Lakdandingaledtheir
last ten systems for under $1/ Watt (installation labor costs only).

Ensuring and Improving the Quality of System Installations

. The requirement that photovoltaic modules be tested and rated appears to be a reasonable
requirement because of some large discrepancies between manufacturers' ratings and actual
measured performance. Large discrepancies lead to poor designs and dissatisfied customers.

. The measured performance of some manufacturers moduleswere closeto their nominal nameplate
ratings. However, for some modules, the measured valueswere actually below guaranteed level's
of output.

. Another important reason for requiring FSEC-approved modul eratingsis because of the Florida
buy-down program, in which awards are based on power ratings.

. Moduleratings, based on FSEC testing, have been validated using round-robin testing of the same
groups of modulesby SandiaNationd L aboratories and the Nationad Renewable Energy L aboratory
(NREL).

. The documentation of moduletest results, by FSEC and other |aboratories, needsto beimproved,
and the development of associated procedures and databases is being pursued.

. In genera, system designs are poorly documented by suppliers. Poor documentation of designs
invariably leadsto problems over time. This situation is unacceptable with any PV system, but
especialy so when the system is connected to the utility grid. Consequently, FSEC requires system
design review and approval to receive buy-down funds.

. The Siemens Earthsafe systems were the first to be reviewed and approved by FSEC. Othersare
in the process of being reviewed.

. The design review and approval processis new and needsto evolve, including better definition of
committee makeup, approval criteria, operating procedures, communications with industry,
notification, reporting, website information, and procedures for dealing with design deficiencies.

. Training programs have been developed for PV system designers, installers and code officials.
Although significant progresshasbeen madeintermsof materid sand hardware, FSEC iscontinudly
tryingtoimprovethecontent, organization, delivery and audience participation (practice, exercises,
quizzes, etc.).

. Therequirement for installersto take an authori zation examination (to receive buy-down funds)
recognizesthat grid-tied PV applicationsare new to most solar and electrical contractors, andisan
attempt to help ensure compliancewith all relevant articles of the National Electrical Code. The
number and type of questionsfor the examination need to be expanded, morefiguresand illustrations
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need to be introduced, and a study guide with sample examination questions needs to be devel oped.

. FSEC also requires that installed systems pass acceptance testing before buy-down funds are
awarded. Thisrequirement has proven to be effective in ensuring that the installed system is
cons stent with the design specifications, that the systems and components are functioning properly,
that el ectric power output iscond stent with predictions, and that the systemingtall ation complieswith
local codes.

. Acceptancetesting isespecialy important because codeofficia sareunfamiliar with PV gpplications,
and the acceptance tests help provide an added degree of assurance of code compliance. (Note:
FSEC plans to combine acceptance testing with on-site instruction for code officials.)

Providing Sufficient Information for Business Planning and Decision M aking

. Collecting performance dataiis necessary to get an accurate measure of the economic value and
benefits of PV building systems.
. FSEC believesit isimportant to have somelevel of monitoring on every grid-tied PV system, with

themost common level being themonitoring of the energy output of theinverter in kilowatt-hours.
This can be done with acommon utility watt-hour meter or using the recording capability of some
of thenew inverter designs. Ineither case, thisinformation should be collected on amonthly basis.

. In addition to simple metering of inverter output in kilowatt-hours, FSEC uses two more
sophisticated levels of monitoring, one designed to meet the primary needs of utilities and one
designed to meet the needs of the research and design communities.

. Utility-level monitoring yiel dstime-of-day e ectric power production and solar irradiancedata, and
isuseful in evaluating the overall impact of distributed generation and itsimpact on meeting peak
demand.

. In most cases, utilities are more interested in power production versustime, especialy during the
peak demand period, than in KWh production.

. Homeownersand other end userswithout time-of-day el ectricity pricing areusudly only interested

in energy production and the associated savings, and are not particularly interested in power
production versus time.

. In addition to measuring performance, it isimportant to devel op qudified databases documenting the
costs of buying, installing, interconnecting, operating and maintaining the system.

. Cost-benefit analyses, based on the combination of real performance and reliability data collected
over asufficient period of time, are needed by business planners, investors and consumersfor vaue
assessments and prudent decision making.

Sharing Information, L earning and I mproving
. Itisimportant to learn quickly from both successes and fail ures so the former can bereplicated and

thelatter avoided. Modern telecommunications, epecialy the Internet, should be employed to make
information as readily accessible as possible and accel erate the learning process.

. The solar and renewable energy curricula, teaching materials, and teacher training activitiesused in
Floridahave been well received by the educational community and effortsin these directions should
be expanded.
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. The creation of an advisory committee to provide guidance on theimplementation of the Florida
Photovoltaic Buildings Program has been recommended by the national |aboratories but has not yet

been established.

. The Photovoltaic Systems Data Network has proven to be extremely useful to both the research
community and the user sector. It is continuously being updated.

. Plans call for an annual review of the Florida Photovoltaic Building Program for all Florida

stakeholders, the U.S. Department of Energy and regional offices, the national [aboratories, other
states and interested parties.
FLORIDA PHOTOVOLTAIC BUILDINGS PROGRAM: DESCRIPTION AND STATUS
UNDERLYING ASSUMPTIONS AND BASIC PREMISES

The Forida Photovoltaic Buildings Program is based on the following underlying assumptions and basic
premises:

. Photovoltaic technology has the potentia to make a significant contribution to electric power
production in Florida and the U.S. in the twenty-first century.
. Emphasisshould be placed onidentifying potential end usersof the PV technology and delineating

high-value applications for each end user, especially for the grid-tied market.

. Thedevelopment of asustainable market for grid-tied PV building applications depends on sgnificant
pricereductionsfor system installations or equivalent subsidies, and on theremoval of other mgjor
barriers to commercialization.

. Itisimportant to meet or exceed customer and end user expectationsfor PV building applications.
This requires consistent success in implementing alarge number of solar projects.

. The value of PV applications must be readily apparent to potential end users. This requires
information and statistically-significant data based on actual experiences.

. For broad acceptance by the building community, new building-integrated productsthet areattractive
and easily assimilated into the building construction process must be devel oped.

. Widespread marketsfor grid-tied photovoltaic syssemswill develop most rapidly if thetechnology
is accepted and embraced by the electric utility industry.

. Regardlessof economic vaue, customers should be ableto choose photovoltaic or other renewable
energy technologiesto meet a portion of their energy needs.

PROGRAM GOALSAND OBJECTIVES
The primary goal of the Florida Photovoltaic Buildings Program isto establish a solid foundation for a

sustainable market for grid-tied systemsin Florida. To support this goa, the program has adopted the
following objectives:

. Create effective partnerships.
. Generate sufficient revenue and financial resources to support and subsidize applications.
Florida Solar Energy Center Page -7-
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. Overcome mgjor barriers to commercialization.

. Develop adiversity of high-value applications for potential end-user groups.

. Ensure and improve the quality of installed systems.

. Provide sufficient information and data for business planning and decision making.
. Share information, accelerate learning, and improve products and services.

DEVELOPING THE CORE TEAM

The core team involved with implementing the Florida Photovoltaic Buildings Program consists of the
following organizations:

. The Forida Energy Office of the Department of Community Affairs

. The U.S. Department of Energy through Sandia National Laboratories

. Nine end-user groups

. The photovoltaic industry and the Florida Solar Energy Industries Association
. The Florida Solar Energy Center.

IDENTIFYING APPLICATIONS FOR VARIOUS TARGET GROUPS

The HoridaPhotovoltaic Buildings Program hasidentified nine groups as potential end usersof photovoltaic
systems on buildings:

. Municipal utilities and rural electric cooperatives

. Commercial building owners and operators

. Government and public agencies

. School and church organizations

. Manufactured building corporations

. Investor-owned utilities and energy service companies
. Commercial roofing companies

. Builders and developers

. Homeowners and buyers.

Of thesegroups, themunicipd utilities, through the FloridaMunicipa Electric Association and the SunSmart
Community Partnership, have played key rolesinimplementing the Horidaprogram. The City of Lakeland
Department of Electric and Water Utilitieswasthefirst active participant and hasthe largest number of
rooftop PV ingtallations, aswell as utility-owned solar water heating systems. The City of New Smyrna
Beach Utilities Commission has made amagor commitment in terms of numbersof systems, will be offering
very low-priced systemsto their customers, and has attractive financing and service packages available. The
JEA (formerly Jacksonville Electric Authority) has made astrong initial commitment to PV applications,
including many systemsfor schools, and has plansto significantly expand their long-term commitment to
renewable energy gpplications. Because municipa utilities are publicly owned, they are strongly responsive
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to their customers and community, and are less constrained by regulatory requirements than investor-owned
utilities.

Often projects involve more than one end user. For example, the Lakeland residential system projects
involved the City of Lakeland, Rick Strawbridge Builders and the homeowners. The Lakeland portable
classroom systems involved the utility and the Polk County School District.

The Florida program involves nine different rooftop applications, which are referred to as application
experiments. Thesearenot experimentswith unproven technologies. Rather, they aresmply different PV
installations from which performance and reliability datais being collected over time so that potential end
users and investors will have sufficient information for business planning and decisonmaking. Thenine
application experiments involve:

. Distributed generation

. Community developments

. PV and energy-efficient buildings

. Fault- and weather-tolerant buildings

. Durable array-roof configurations

. PV laminates bonded to metal roofing

. Building-integrated photovoltaics (BIPV)
. Factory-installed PV systems

. Alternative inverter configurations.

Thefollowing tableisacompilation of activities currently taking placeor planned for next year aspart of the
Florida Photovoltaic Buildings Program. Thetableisdivided into target groups and individua project
partners.

Total No. of

Target Group Involvement kw systems
Municipal Utilities
City of Utility-interactive PV Residences. As part of aresearch project, FSEC | 7.8 3
Lakeland assisted Lakeland in the installation and monitoring of 3 PV systems on
Electric & homesin Lakeland, Florida. One of the homes, the Lakeland PV-RES
Water Utilities house, combines the best of both energy-efficient building and solar

technologies to create an energy-efficient, power-producing dream

home. More information about this project is available from our

website, www.fsec.ucf.edu.

Florida Solar Energy Center Page -9-
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Lessons Learned Report

Total No. of

Target Group Involvement kw systems
City of Portable Power PV Classrooms. As part of a Utility-Photovoltaic | 30.6 17
Lakeland Group (UPVG) project, FSEC provided funds and technical assistance
Electric & to Lakeland for the installation of PV systems on portable classrooms
Water Utilities in Polk County. The systems will be owned by the utility and used as

educational tools by the schools. FSEC is providing instalation

training to utility staff members and other potential PV installers.
Utilities Green Utility Program. The City of New Smyrna Beach is providing | 152 60
Commission, its customers with two options for participating in its solar program.
City of New The City will install PV on public buildings as part of its green pricing
Smyrna Beach contribution program. Residents may elect to pay $5 or $10 dollars per

month for a currently unspecified time period to participate in the

program. The City of New Smyrna Beach also offers the option to buy

a PV system through its own buy-down program, which includes a

customer loan with extremely favorable rates. Customers who elect to

purchase a system will pay less than $2 per installed Watt (dc). To

date, one public PV system and one privately-owned PV system have

been installed as part of this program. FSEC provided buy-down

funding for this project.
JEA (formerly Solar on Schools. JEA isinstalling utility-interactive PV systemson | 96 24
Jacksonville 22 schools and 2 facility buildings in Duval County. The utility will
Electric maintain ownership of the systems, but will allow the power produced
Authority) by the systems to be credited to each school. Currently, 5 PV systems

have been fully or partially installed as part of JEA’s program. FSEC

provided buy-down funding for this project. (Note: In January 2000,

JEA announced its intention to install 2 MW of PV by 2007. Details

have not been released.)
Florida SunSmart Community Partnerships Program (See GENERATING 0 0
Municipa REVENUE).
Electric
Association
Florida FMPA has committed to assist its member utilities with the acquisition | O 0
Municipa of PV hardware for community solar projects.
Power
Association
Gainesville Solar for Schools. GRU has committed to theinstallation of eight 4 kW | 40 10
Regional PV systems on local area schools and two 4 kW PV systems on local
Utilities government buildings. FSEC will assist Gainesville in developing an

implementation plan for the program and provide GRU with curriculum

materials and teacher training. FSEC will aso provide GRU with buy-

down funds once these systems are installed.
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Total No. of

Target Group I nvolvement kW systems
Ft. Pierce Utility | Solar on Public Buildings. Ft. Pierce has recently committed to the | 10 2

installation of at least 10 kW of PV as part of agreen pricing program.
City of Solar on Public Buildings. Talahassee has committed to the | 60 10
Tallahassee installation of a 10 kW PV system on a public aguatic gymnasium as

well as an additional 50 kW on other public buildings as part of agreen

pricing program. FSEC will assist Tallahassee in developing an

implementation plan for the program and provide them with buy-down

funds once the systems are installed.
Orlando OUC has made an unspecified commitment to install grid-connected 0 0
Utilities PV as part of acommunity green pricing program.
Commission
Subtotal for Municipal Utilities 396 126
Investor-Owned Utilities
Florida Power Technical Assistance. FPL recently signed aformal agreement with the | 150 TBD
& Light (FPL) Lega Environmental Assistance Foundation (LEAF) to investigate the

feasibility of a green energy program in its territory. If its research

indicates that a green energy program is appropriate, it will go forward

with the program and include aminimum 150 kW of PV for every 10,000

subscribers. FSEC intends to offer PV technical support to FPL in the

event that they carry out this green energy program.
TampaElectric | Technical Assistance. TECO recently signed aformal agreement with | 50 TBD
Company LEAF to investigate the feasibility of a green energy program in its
(TECO) territory. If its research indicates that a green energy program is

appropriate, it will go forward with the program. Tampa Electric’s

tentative objective is 50 kW of PV by the year 2004. FSEC intends to

offer PV technical support to TECO in the event that they carry out this

green energy program. To date, TECO has requested buy-down funds

for one utility-owned PV system that has been installed on a museum.
Gulf Power Technical Assistance. Gulf Power has recently signed a forma | 1,000 TBD

agreement with LEAF to provide the results of a recently tested green

energy research project in its territory. If its research indicates that a

green energy program is appropriate, it will finalize the PV rate rider

currently under development and may include as much as 1 MW of PV

power by the year 2004. FSEC intends to offer PV technical support to

Gulf Power in the event that they carry out this green energy program.
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Total No. of

Target Group Involvement kw systems
Florida Power Technical Assistance. FPC recently signed a formal agreement with | 150 TBD
Corporation LEAF to investigate the feasibility of a green energy program in its
(FPC) territory. If its research indicates that a green energy program is

appropriate, it will go forward with the program. The program will

include aminimum 150 kW of PV by 2004 if the program obtains 10,000

subscribers. FSEC intendsto offer PV technical support to FPC in the

event that they carry out this green energy program. Included in this

agreement is an 8 kW project that involves PV on manufactured

buildings. FSEC is currently assisting FPC with this portion of its R& D

effort.
Subtotal for Investor-Owned Utilities 1,350 TBD
Commercial Building Owners
The Nature The Nature Conservancy/Disney Wilderness Preserve. FSEC is 7 2
Conservancy/ providing technical support to FPC and the Nature Conservancy for
Disney this project, which includes two arrays of USSC PV laminate modules
Wilderness bonded to standing seam metal roofs. FSEC is aso providing
Preserve monitoring assistance and data collection instrumentation for the

project.
Energy FSEC hosted aworkshop for commercial energy managersin March 0 0
Managers 1999. The workshop attracted more than 60 attendees with interests
Workshop 99 in PV and energy efficiency for buildings. FSEC provided detailed

presentations from national energy experts and offered technical

support services to attendees. Many companies, including Burger

King Corporation, Eckerd Drugs, and Outback Steakhouse, showed

interest in pursuing PV projectsin the near future.
Energy FSEC hosted a second workshop for energy managers that built on 0 0
Managers the interest generated from the previous year's event. Companies
Workshop 2000 | such as Staples and Jack-in-the-Box indicated a great deal of interest

in pursuing PV. It isanticipated that several new commercial PV

buildings projects will result, and will likely include participation of

FMEA member utilities.
Subtotal for Commer cial Building Owners 7 2
Government Agencies
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Alachua
County

Kanapaha Botanical Gardens Summer House. This collaborative
project involves the design and installation of an energy efficient PV
exhibition building for a local botanical garden. This project is of
particular interest to the local utility, Gainesville Regiona Utilities
(GRU), and will be the first utility-interactive PV system tied to the
municipal’s grid that is not owned by the utility.

3.2

Target Group

I nvolvement

Total
kW

No. of
systems

State of
Pennsylvania

Technical Support Services/Training. FSEC provided PV installation
training for alow-income housing weatherization project in the State of
Pennsylvania.

7.2

National Park
Service

Technical Support Services. FSEC provided technical support services
to NPS for PV projects in the Southeastern U.S. FSEC recently
provided these services to a park site at Horn Island, Mississippi, and
has plans to assist with a stand-alone PV project at an observation
tower in Everglades National Park later this year. FSEC also assisted
Sandia National Laboratories in preparing a renewable energy
assessment for Katmai National Park in Alaska.

Florida
Counties and
Municipalities

SunSmart Local Government Partnerships. FSEC plans to expand its
existing SunSmart program to a second phase that will provide training
and project development assistance to local governments in Florida.
FSEC plansto partner with the Florida League of Cities and the Florida
Association of Counties to complete this project. This project has not
yet received funding.

Schools and Chu

rches

Brevard County

FSEC is working with the Brevard County School Board to develop a
Solar for Schools program. This program will include PV system
installations, as well as curriculum materials and teacher training for
each participating school. FSEC is still awaiting final approval of the
project and resolution of interconnection issues before proceeding
with a proposal to fund this project.

Duval County

Through its work with JEA, FSEC is assisting Duval County Schools
by providing educational materials to 24 high schools selected to
receive PV systems on their roofs. Teacher training and a high school
level solar energy textbook will be included.

Florida Solar Energy

Center
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Polk County

In conjunction with the Lakeland portable classrooms project, FSEC
and FIaSEREF have provided educational materials and teacher training
to Polk County employees on solar energy in schools. On January 29,
2000, members of FIaSEREF, the City of Lakeland, and FSEC held aone-
day teacher-training workshop on solar energy for 26 Polk County
educators representing 11 different schools. The workshop was well

received.
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Total No. of
Target Group Involvement kw systems

Buildersand Developers

PV Rebate FSEC currently offers a $2/Watt rebate for installing utility-interactive | 5.6 3
Applicants PV systems on buildings in Florida (See Homeowners section). In
addition to this amount, installations on model homes receive another
$2000. FSEC is currently working with the City of Lakeland and two
buildersin Polk County to devel op three model homes that will contain
both PV and solar thermal systems. These model homes are expected
to be completed by September 2000, and will be €eligible for the
additional $2000 in rebate funds.

Homeowners and Buyers

Homeowners Information Dissemination. FSEC receives numerous requests for | - -
information about photovoltaics from Florida homeowners each month.
FSEC has created a question and answer primer, which is available on
our website, to handle many of these questions. FSEC also offers an
enormous links page for those individuals needing more information
about a particular topic or PV manufacturer. More detailed requests are
handled personally by FSEC staff.

Homeowners Rebate Funds. Rebates to system suppliers for single system PV | 4 2
installations on Florida buildings are available from FSEC. The rebate
isoffered at arate of $2/Watt up to a maximum award of $8,000 without
battery storage, and $8,500 with battery storage. Although this rebate
is given directly to the system supplier, the intent is for the supplier to
pass the savings on to the customer. To date, two applications have
been received from homeowners.

TOTALS 1,781* TBD*
* Contingent upon utility customer response.

CREATING PARTNERSHIPS AND IDENTIFYING FINANCIAL RESOURCES

SunSmart Community Partner ships Program

Through a partnership among FSEC, the Florida Municipal Power Association (FMPA), the Florida
Municipa Electric Association (FMEA) and its member utilities, the SunSmart Community Partnerships
Program provides the opportunity to educate and offer solar technologies to over one-million electric

ratepayersin Florida

The ultimate goa of the SunSmart Community Partnerships Program and its companion programsisto
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developlong-term sustainable marketsfor solar energy systemsinFlorida. Specificaly, SunSmart aimsto
enhance prospectsfor the successful deployment of asustainable solar market in Floridaby devel oping strong
partnershipswithinlocal communitiesthroughout the State. These partnershipsare molded around FMEA
member utilities, and may include interactions with local businesses, schools, builders and devel opers,
homeowners, government organizations and special-interest groups. Public outreach and educational
activitiesfocusonreveaing theva ue of solar energy technol ogiesto each partnership group. The program
is administered cooperatively among its three main partners, FEO/DCA, FSEC, and FMEA.

The SunSmart Community Partnerships Program will run for aperiod of two years, during which it will
increase community awareness of existing local green power programs, educate the public on the merits of
solar energy in Florida, provide additional labor and resources to program participants, coordinate and
streamline marketing activitiesbetween participating municipd utilitiesand link potential community and end-
user groupsto local green power activities. Todate, fivemunicipa utilitiesin Floridahave madeformal
commitmentsto the program and are currently taking stepsto pursue green pricing programsin their service
areas.

Florida Photovoltaic Buy-down Funds

Buy-down fundsfor photovoltaic (PV) systemson buildingsin Floridaare being distributed by the Florida
Solar Energy Center (FSEC) under contract with the Florida Energy Office, Department of Community
Affairs(FEO/DCA). Thebuy downisanimportant part of the FloridaPhotovoltaic Buildings Program,
whichisacollaborative effort anong FEO/DCA, U.S. Department of Energy, SandiaNationd Laboratories
and FSEC. The buy down is scheduled for three years, ending December 31, 2001. FEO/DCA has
provided $525,000 to be distributed through this program. Thebuy-down rateis$2 per installed Watt and
can only be used for the purchase of photovoltaic hardware. All funds areleveraged with outside funding.
FSEC reimburses buy-down participants at the $2/Watt rate only after the PV hardware has been purchased.
Invoices arerequired in order to receive the reimbursement. Thismoney isbeing dispersed in thefollowing

ways:

. $77,000 of cost sharing for the UPV G TEAM-UP contract with the City of Lakeland Department
of Electric & Water Utilitiesfor PV systems on portable classrooms.

. An open request for proposalsfor photovoltaic buildings projects (two contracts have been issued
for atotal of $200,000)

. A lessformd request for gpplicationsfor utility photovoltaic buildings projects (agreements have been
made with the City of Tallahassee and Gainesville Regional Utilities)

. Rebates to PV system suppliers.

To date, FSEC hasleveraged fundsthroughits $2 per Watt buy-down program with three municipa utilities
inFlorida. Below isatable of thetotal fundsdedicated to PV projectsthrough the FloridaPV Buildings
Program.

Florida Solar Energy Center Page -16-
Lessons Learned Report March 1, 2000



FSEC Contribution | Leveraged
Utility Contribution Total Project Cost
Lakeland Electric & Water $77,000 $249,000 $326,000
JEA $100,000 $233,828 $333,828
New Smyrna Beach $100,000 $645,278 $745,278
Totals $277,000 $1,128,106 $1,405,106

Foridaresdents, developers, government agencies, utilities or commercia businesseswho chooseto ingtdl
solar photovoltaic (PV) equipment on buildingsin Foridamay qualify for FSEC s PV rebate. Presently,
there is approximately $130,000 available for rebate applicants.

Rebate amounts are based on the tota dc power output of the PV array at standard test conditions (STC).
Recipientsare offered $2 per installed peak dc Watt up to amaximum rebate of $8000 for atypica grid-tied
system. Larger rebates are available for systems on mode homes (an additional $2000) and those having
battery back up (an additional $500). Therefore, the maximum possible rebate is $10,500.

The rebate application form must be compl eted by the solar contractor/installer. The rebateisthen passed
through to the customer from theinstaller. Applicants must submit the rebate form and required itemsbefore
the installation has been completed. Prior to processing the rebate, the following items are required:

. A signed interconnection agreement with the local utility

. Copies of all mechanica and electrical drawings for the system

. An end-user agreement that permits system monitoring and data collection

. A copy of theinvoicefor theequipment purchase/install ation fee showing system size, equipment
type, etc. (systems should be at least 1 kW at STC)

. Proof that the installer has passed FSEC’ sinstaller authorization exam

. A copy of the systemwarranty (must be at |east a 2-year warranty for partsand labor in addition to

component warranties).

Oncethe system has been installed, an acceptance test of the system must be performed. Rebateswill not
be sent to the system ingtdler/supplier until the system has passed the acceptancetest. Thefollowing should
be noted:

. Upon receipt of an invoice from the system supplier/installer showing thefull price of the hardware
and theamount due from FSEC based on the power output of the array, FSEC will issuetherebate
to the installer/supplier.

. If the building owner isdoing hisor her own PV ingdlation or purchasing the PV hardware from
someone other than theingdler, the rebate will be sent to the module supplier snce FSEC can only
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issue rebates with an invoice showing proof of purchase.

. Theinstaller/supplier should deduct therebate amount from thetotal purchase pricethat the system
owner would normally pay.

. When preparing to makethe PV hardware purchase or when choosing asystemingdler, thebuilding
owner or purchaser should provide the system supplier/ingtdler with FSEC' s contact information to
expedite the rebate application process.

OVERCOMING BARRIERS
I nter connecting with the Utility Grid

A number of events have occurred over the past 18 months affecting future decisions on interconnection
requirementsin Florida. FSEC devel oped and offered aworkshop on October 22, 1998 that dealt with
barriersto PV interconnectionwith the utility grid. Based on theresultsof that workshop, FSEC submitted
both aposition paper and amodel interconnection agreement to the Florida Public Service Commission
(FPSC). OnAugust 25, 1999, the FPSC hosted a staff workshop to address new questions and concerns
related to the interconnection of PV systemstothegrid. FSEC participated and later submitted comments
that specifically addressed issues raised at the workshop. Specifically, FSEC addressed the effects of the
current $1 millionligbility insurancereguirement on theeconomicsof utility-interactive PV in Horidaand utility
concerns about safety. 1t ishoped that FPSC will take action on the interconnection issue sometime in early
2000. In late December 1999, FSEC published an updated position and recommendations on
interconnecting small PV systemsto Forida selectric utility grid. Thisdocument includes recommended
requirementsfor standard and code compliance, ligbility insurance, metering and billing, and documentation.

ENSURING AND IMPROVING THE QUALITY OF SYSTEM INSTALLATIONS

Toensureandimprovethequality of PV systemingallations, the FHloridaplanincludesfour requirementsthat
must bemet to receive buy-down funds, and four other technical support servicesthat can helpimprovethe
quality of the products and the capabilities of the practitioners. The four requirements are:

. Testing and rating of PV modules

. Reviewing and approving PV system designs

. Examining and authorizing PV system installers

. Performing acceptance tests on installed PV systems.

The four technical support servicesinclude:

. Offering training programs for PV system designers, installers and code officials (and on-site
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assistance to code officials upon request)

. Providing assistancein devel oping technical specificationsfor procuring PV systems, including
checklists and an easily applied template

. Providing assistance with site surveys and analyses, including checklists

. Testing, evaluating and troubleshooting existing PV system installations.

PV Module Ratings

FSEC characterizes the performance of photovoltaic modules using both indoor and outdoor testing. For
indoor testing, module eectrical output characteristics are determined using anew Spire SPI-SUN 660 flash
smulator. FSEC is collaborating with Sandia National Laboratories and the National Renewable Energy
L aboratory on round-robin testing of sel ected modulesto ensure consistency intesting methods, trandation
algorithms, and results. Module ratingswill not be posted until further testing has been completed and
concurrence of manufacturers has been obtained.

Design Review and Approval

Aspart of thePV Buildings Program, FSEC requires system design review and gpprova. SiemensEarthsafe
grid-connected system was the first design to be reviewed as part of the Florida Photovoltaic Buildings
Program. FSEC plansto contact the PV module manufacturers directly to inform them of thedesign review
and approval requirements and process.

Installer Training and Authorization

A week-long PV ingtdlationtraining course coversthe design and ingtdlation of grid-connected photovoltaic
(PV) systems, and involvesthe actua hands-oningtallation of typical systemsin FHorida. Thisprogramis
intended for electric utilities, electricians and solar contractors, with an overall goa of developing
"system-knowledgesbl €' certified profess ona sto help ensure the safety and qudity of PV system ingdlations.

Thecourseformat includesboth classroominstruction and hands-on exercises. Theseexercisesinvolvethe
complete step-by-step process of designing and ingtaling grid-connected PV systems, and are intended to
develop the participant's working knowledge of PV systemsand equipment. An emphasisisplaced on code
compliance and accepted industry design and installation practices.

Onthefinal day of thetraining program, an authorization examisadministered to syslemingtallerswho wish
to participate in the Florida PV Buildings Program. FSEC has devel oped this examination to assess the
knowledgeleve of inddlersof utility-interactive photovoltaic systems, with emphasis on rooftop gpplications.

Installerswho successfully pass this examination are "authorized" by FSEC to install utility-interactive
photovoltaic systems as part of the Florida PV Buildings Program. Successfully passing the examisa
mandatory requirement for receiving buy-down fundsor other PV system subsidiesfrom FSEC. However,
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itisnot arequirement for ingtaling non-subsidized systems aslong as these indtd |l ations are cong stent with
state laws and regulations.

The FSEC authorization of installersisin addition to requirements for licensure of solar or electrical
contractors by the Florida Construction Industry Licensing Board, the Florida Electrical Contractors
Licensing Board, or local government licensing authorities.

Sincethe course’ sinception, FSEC has administered seven authorization examinationsas part of the FHorida
Photovoltaic Buildings Program. To date, 49 ingtdlers have successfully completed the training course and
passed the examination. It isanticipated that approximately one course and examination will be offered each
guarter depending on enrollment levels and available staff.

Acceptance Testing

An acceptance test isconducted after aPV system has been completely ingtaled. Acceptancetestingisused
to determineif theinstalled system and its components are consi stent with the approved design and are
operating properly, and to compare performance with design expectations. An FSEC-devel oped checklist
isused as an aid in conducting acceptance tests.

Technical Specifications

FSEC provides both forms and templates to greatly smplify the process of developing technica specificaions
for PV systems. The specifications may be used for procurement or as part of the documentation for desgn
review.

Site Surveys

FSEC' ssitesurvey proceduresand checklist are being used in conjunction with technical support activities
inHorida. Currently, the New SmyrnaBeach Utilities Commission has adopted the checklist as part of its
selection process for homes that will receive PV systems through its new Renewable Energy Program.

System Test, Evaluation and Troubleshooting

Aspart of the H oridaPhotovoltai c BuildingsProgram, FSEC hasdevel oped achecklist for testing, evaluating
and troubleshooting utility-interactive photovoltaic systems. The proceduresand checklist have been used
for PV ingadlationsin Lakeland and New Smyrna Beach, and for systems bel onging to Florida Power and
Light and JEA. The checklist smplifies the process of evaluating previously installed systems.

PROVIDING SUFFICIENT INFORMATION FOR BUSINESS PLANNING AND
DECISION MAKING
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Performance Monitoring

Aspart of the FloridaPhotovoltaic Buildings Program, al installed PV systems must include someform of
performance monitoring. Monitoring optionsinclude: 8 Smple metering for monthly energy production, b)
time-of-day production of PV electricity, and c) detailed performance datafor PV system and building
components and appliances. FSEC provides documentation on each level of monitoring equipment to
samplify performance monitoring procedures. Each project isassessed to determine which level of monitoring
isappropriate. All non-proprietary Florida PV Buildings Program datawill be made available on the FSEC
website from the web data page (www.fsec.ucf.edu/PV T/te/lwebdata.htm).

Reliability Data Collection

Thepurposeof collecting reliability dataisfour-fold: 1) to evauate system performance and to identify and
communicate problemsto component manufacturers, system integrators, and ingdlers, 2) to statistically
measure component reliability (e.g., percentages of specific problems, percentages of failures, availability,
downtime, mean time between failures), 3) to obtain a more accurate assessment of the operation and
maintenance (O& M) costsof photovoltaic systems, and 4) to ultimately improve component and system
reliability and lifetimes. FSEC requires that reliability data be collected for each of the PV Buildings
Program’ ssystemindalations. End users are asked to log events as soon asthey are noticed and to perform
variousingpections on amonthly basis. The monthly rdiability reports are then forwarded to FSEC and the
appropriate databases are updated.

Clean Power Estimator

FSEC has acquired the rights to use an economic analysis software tool called Clean Power Estimator as
part of the FloridaPV Buildings Program. Thistool, developed by Dr. Tom Hoff of Clean Power Research,
allowsanindividua in Floridato cal cul ate the potentia costs or savingsderived from the purchase of aPV
or solar thermal system. The program uses robust economic modeling and incorporates comprehensive
information relativeto FHorida, including local utility rates, irradiance levelsand weather data. Thisprogram
is available on the FSEC website (www.fsec.ucf.edu) for public use.

SHARING INFORMATION, LEARNING AND IMPROVING

Updating Databases and Sharing L essons L ear ned

Thiseffort involvesdisseminating the resultsand sharing thelessons|earned from the Florida Photovoltaic
Buildings Program. To be effective, the communication process must properly target all stakeholders,

appropriatey packagetheinformation to be disseminated, and deliver itinatimely manner. Toward thisend,
the following activities are planned:
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. An annual review and update of the Florida Photovoltaic Buildings Program. In addition to the
Horidastakeholders, representatives of the DOE regiond support offices and other sates interested
in PV building applications will be invited.

. Continuous updating of the FSEC photovoltaic website. Technical publicationsand system and
component databases will be added to the website asthey become available. For some of the PV
building application experiments, real time or near real time access to datawill be provided.

. Presentations at selected solar and other appropriate forums. These forumsinclude the annual
NCPV photovoltaic performance and reliability workshops, Soltech, ASES conferences, and
building-related meetings such as the annua Southeast Builders Conference. The table below
describes events at which details and/or progress of the Florida PV Buildings Program were
presented this year.

. Solicitation of advice and guidance from respected professonds. An advisory committeeisplanned
to provide both programmatic and technical inputs. Programmetic inputs are used to make course
corrections and re-target the PV Buildings Program. Technical inputs are requested for reviewing
important documents, eval uating proposal's, improving technical support services, and possibly
assisting in some experimental designs. Members of the advisory committee will be respected
professional sfrom the photovoltaicindustry, FloridaEnergy Office, U.S. Department of Energy,
Sandia National Laboratories, National Renewable Energy Laboratory, utilities, other state
organizations, and selected end users.

DATE AUDIENCE LOCATION
Ongoing Public FSEC website
Octaober 4, 1998 NCPV Performance and Reliability Workshop Cocoa Beach, FL
November 16, 1998 Florida Solar Energy Industry Members FSEC

January 28, 1999 Florida Energy Office Tallahassee, FL
February 8-9, 1999 PV System Design Workshop FSEC

February 15, 1999 Orlando Utilities Commission Orlando, FL
February 16, 1999 Florida Municipal Electric Association (FMEA) FSEC

March 26, 1999 Energy Managers' Workshop FSEC

June 12, 1999 Interstate Renewable Energy Council Portland, ME
July 9, 1999 Florida Utilities/Potential Partners FSEC

July 23, 1999 Southeast Builders Conference Orlando, FL
September 29,1999 Florida Solar Energy |ndustries Association FSEC

October 3, 1999 UPVG Conference (Meeting with MSRI Representatives) Tucson, AZ
October 27, 1999 Annual FMEA Conference Orlando, FL
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January 18-21, 2000 Florida Planning and M SRI Meetings; Workshop on FSEC
Implementing a State or Community PV Buildings Program

February 7-8, 2000 Greenprints 2000 (Sponsor: Southface Institute) Atlanta, GA

February 7-11, 2000 Installing Grid Connected PV Systems Course FSEC
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