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CHAPTER 1
INTRODUCTION

As of February 2013, Puerto Rico depended 99% in fossil fuel for ielgxwer
generation (approximate values: 60% oil, 23% natural gas, and 16%Id¢walemaining 1%
came from renewable sources (e.g., hydroelectric, wind and@@d¢ovoltaic). This energy
portfolio shows a significant dependency on oil-based fuels. TheoPRex Electric Power
Authority (PREPA) is the only electric utility in the islandRIPPA is a vertically-integrated
electric utility providing transmission and distribution of eledyi@as well as most of the
generation in Puerto Rico. More than two thirds of the overall @ostectricity in Puerto
Rico comes from fuel costs, being oil the largest contributor dits tagh cost and price
volatility. There is a direct link between the cost of eleatnergy and any variation in the
price of the barrel of oil. Average cost per kWh sold in Puerto Bicomg 2012 was 27.78
cents in 2012, more than twice the average electricity priceenUtS. according to the
Annual Energy Outlook 2010 data. Considering these facts, public awareresss to be
increased on the availability of local renewable energy soartshe feasibility of their use
to decrease the Island’s dependence on fossil fuels. The best bnewargy resource in
Puerto Rico is solar energy. Photovoltaic (PV) technology hasdtedied and implemented
in Puerto Rico for decades. The first PV system that wagrated to the electric power grid
in Puerto Rico began operating in 1987 in Juana Diaz. After suatess in collaboration
with PREAA, the system was dismantled. At the time, cost® Wwegh and the necessary
policies and incentives were not in place to support the growth of PV in the Island.

Even though the state energy office was created in 1978 (Act 12@sinot until
1993 that an energy policy was formally approved through an executivesayded by the
Governor of Puerto Rico. The Energy Policy of 1993 represented an ampatep in
providing a framework to guide energy issues in Puerto Rico. Howleydack of resources
prevented the energy office (renamed the Puerto Rico EnergysARdministration that
same year) to properly carry out its mission of revising andseeag compliance with the
energy policy mandates. On the other hand, various organizations aresb dwit insisting
on the need to change Puerto Rico’s energy sources, technologies aticegralhe
University of Puerto Rico-Mayaguez (UPRM) has been an eneegletan the Island for
many years. UPRM researchers have delivered seminal worknewable energy sources
and technologies, for example the first distributed generation @@ljes in Puerto Rico.
DG refers to the operation of power generation close to the pointsedfat the distribution
level), contrary to the dominant energy model where electric pavgenerated in large
power plants, then delivered to customers using transmission antudiisir lines. Figure
1.1 shows part of the DG work carried out at UPRM which entailecrthaé/sis of a DG
source integrated in a rural distribution feeder operating at ageotif 13.2 kV. The impact
of the operation of DG can be observed in Figure 1.2, where the fadhtuncreases with
the presence of the DG source. The DG source was modeled ashaospus generator,
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however the impact of inverter-based DG is much less thantdépit Figure 1.2. Further
studies at UPRM proved that point through interconnection studies of PV systems.
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Figure 1.1: The simulation of a fault between buses 2 and 6 in a 1R2&¥r with a DG in

bus 6. (Reference: Doeg Rodriguez, E. O’Neill-Carrillo, UPRM, 2002. FEutgethe
National Science Foundation)

Multiple Fault Currents

’ 0.93463
2 08 071747 071747
2 06
=
= 04
2
£ 02
3 0.00148

0 .

Without DG With DG
|@Node 2 Injection mNode 6 Injection |

Figure 1.2: Effect of DG on fault currents (Source: Doeg Rodriguez, E. OQtiillo,
UPRM, 2002. Work funded by the National Science Foundation)

Just nine years ago, in 2004, the reaction to the idea of DG in Pusstavés mainly
skepticism. Many argued that for DG to succeed, net meterindede® be established.
Under net metering a person that owns a small DG system @uidesexcess generation to
the utility at the same rate that the utility charges theoousr for utility power. Most people
agreed that PREPA would not welcome net metering. On August 16, 20Gbveenor of
Puerto Rico signed Act 114, mandating PREPA to establish a netimggbrogram in Puerto
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Rico, including required standards and rules, within one year. Etréieryear, on January
2007, the Institute for Tropical Energy, Environment and Society (ITEABs acronym in
Spanish) was founded with the objective of studying Puerto Rico’dengal from the
holistic perspective of sustainability. The participation of ABEin the public hearings held
by PREPA in 2008 regarding net metering and DG interconnectios prteved to be
essential to ease the many restrictions the utility wamtechpose on DG interconnection.
On August 16, 2008 net metering officially began in Puerto Rico. Boddie, the authors
feel this is the most important milestone in the electricggnerdustry in Puerto Rico since
1941 (the creation of PREPA), because it heralded a new era in tivhidominant, central
energy model was not the only electric energy alternative inidla@d. Incentives for
renewable energy installations were put in place to support the new net metiening

Between 2008 and 2009, UPRM researchers, working with support fronuén P
Rico Energy Affairs Administration (PREAA), completed thestficomprehensive study of
the renewable energy potential for electricity generation inmt®uico. The “Achievable
Renewable Energy Targets” (ARET) project showed and quantifiedsldwed’ abundant
renewable energy alternatives for electric power generatigare=1.3 shows one of the
main results from the ARET study, the average insolation int@&eco. This was obtained
by combining results from various measurements studies (showneaddik in Figure 1.3)
previously done in the Island and creating a visual tool with common units.

Average Insolation in Puerto Rico, kWh/m? per year

(@G A e
i RSl
SR | A )
\w R ) %\ @
;“ W ! L N
A - o %

.

014191572 5 1876-2028 @ 2332 - 2484
m1267-1419 [ 1724-1876 [ 2180 — 2332
01115-1267 0 1572-1724 9 2028 - 2180

Figure 1.3: The first visual tool for insolation in Puerto Rico (Work funded by the RREA
2008-2009. Reference availablenétp://www.uprm.edu/art

From Figure 1.3 one can estimate that 70% of the population livesas arth an
excellent solar resource. On average Puerto Rico receives 2,00pek\Vghuare meter @n
compared to Germany’s 1,000 kWh per square meter. This comparisgpoitant because
Germany is the world leader on PV systems. If that sm&ential were to be realized, then
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using only 65% of residential rooftops in Puerto Rico all the eteetrérgy used could come
from PV systems, as shown in Figure 1.4 (based on 2006 energy deswelsil. [There are
technical and social limitations to achieve this, however the pattéot an increased use of
PV exists, and is available on residential rooftops in Puerto Ramth an area of
180,814,184 ). Thus, there is no need to use scarce land in the Island forsRmsy and
the energy policy should foster the use of residential, commemadhlindustrial rooftops.
Rooftop PV systems, connected as DG sources and under net malsoihgve less impact
on electric power grid operation because of their size and gédogatly dispersed nature.
Furthermore, PV systems can be purposely integrated to distribystems in ways that
account for variations of the solar resource, and thus reducing thetitophe power grid
(H. Ladner, Design of PV Systems using IXstributions M.S. Thesis, December 2008,

UPRM). In 2010 the Governor of Puerto Rico signed Act 82-2010, mandatirnigefdirst
time a renewable portfolio standard (RPS) in the Island. An RR$ddicy instrument that
establishes goals that strive to increase the levels olvadrhe energy used in a jurisdiction.
Act 82-2010 established 20% as the renewable energy goal to beeachiethe year 2015.
Tied to Act 82-2010, a Green Energy Fund (GEF) was established thfaid8B, also
signed in 2010. This fund supports yearly incentives in two tiers] fier systems up to 100
kW, and tier 2 for larger systems. The GEF substituted thetines that were created in
2008.

Estimate of potential electric energy
residential contribution

Annual kWh Generated

0.00

% Total Area

Figure 1.4: Potential of electric energy generation from the Sun astefuotpercentage of
residential rooftops with PV systems. (Work funded by the PREAA, 2008-2009. Referenc
available atttp://www.uprm.edu/argt

A final example of the technical work that proves the feasihbif DG systems in
Puerto Rico, comes from graduate work at UPRM. This work provedhitiar distribution
voltages and well-planned, distributed placement of DG allow foreased levels of

10
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integration of DG [Evaluation of Photovoltaic Distributed Generation on the Voltage Profile
of Distribution FeedersM. Irizarry, Masters project, May 2011, University of Puerto Rico —
Mayaguez). Figure 1.5 shows simulations for a 2.5 MVA load in 4.16 kV femukithe
effect on voltage profile of different levels of DG penetratiod bbcation. Even distribution
along the feeder allows high DG penetration, up to 70% of feeder ldadiever, just 10%
penetration located at the end of a feeder infringes the ANS&inmam voltage level in
steady state. This is due to the increase in current towardsiltiséation in segments of the
feeder that have larger impedance. On the other hand, increasesl dévelG can be
integrated as one gets closer to the substation as the laggerddiave smaller impedances.
Simulations in a 13.2 kV feeder with a load of 11 MVA were alsdopmed. This higher
voltage allows more DG capacity to be interconnected atoalitibns in the feeder.
Furthermore, better voltage profiles and loss reductions aieedtwhen DG is distributed
along the feeder. Thus, it would be a sound energy policy to design andistrillolution
systems to support the maximum use of DG possible.

Voltage Profiles Alongthe 4.16 KV Feeder When Peak Load is Evenly Distributed, Showing
the Best Voltage Obtained for Each Location
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Figure 1.5: Voltage profiles with various levels of DG penetration in a 4.16 kV feeder
SourceEvaluation of Photovoltaic Distributed Generation on the Voltage Profile of
Distribution FeedersM. Irizarry, Masters Thesis, May 2011, University of Puerto Rico —
Mayaguez. (Figure used with permission of the author)

In the five years after the beginning of net metering intBuRico in 2008, the Island
have made more progress in the renewable energy arena thanpreviwis forty years
(1973 marked by the oil embargo, which sparked important effortavéirat not continued
once oil went back to acceptable prices in the early 1980s).tiBuhany persons contend
and question why Puerto Rico is not doing more on the renewable energy areaolRRuger

11
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has the solar resource, the experience, the expertise, eviderchrotal feasibility for an
increased use of PV systems, why is the Island not using sotaeenergy? The answer is
complex, but it can be summarized with the following: this challei&g&OT a purely
technical problem. Conservation and efficiency rarely are includetiendiscussions of
Puerto Rico’s energy portfolio, because they involve human and stema¢rds not easily
grasped or understood by the mainly “technical” people that work on eisstgs. There is
also a tendency to view the electric energy challenge only as one of sgpghlyitemand for
electric energy of customers, thus conservation and efficieneynat considered as
important energy alternatives. Furthermore, the dominant enevdgliis one that favors a
central, hierarchical organization of the electric industry, withe (if any) public
participation. That dominant energy model also favored one way of plaanthgperating
the electric infrastructure owned by the people of Puerto Rico.eTlkgacy practices have
come under close public scrutiny in recent years due to highielyctiosts, and problems
related to PREPA'’s finances.

Although the comparison with Germany, cannot be a one-to-one comparisongcamuch
be gained from evaluating their path to an increased used of PWeKengfindings from
an evaluation of German utilities actions related to PV are:

* Renewable electricity output has priority in grid management syhgem operator
manages non-renewable units around the integration of renewableciigatrihich
has priority in the system integration.

» Customer satisfaction is important and “customers want utilitesembrace
renewables, not just accept them.”

* German utilities must interconnect all renewables to the ajrdlthe rules are very
clear.

» External disconnects and system inspections are not necessanarGutilities used
to require external disconnect switches but do not any longer. Sereedre so many
PV systems on their grid, it would be a burden to the utility tazatdhtnd manage
them all.

» Ease of integration is inherent to the less litigious nature exim@ny and the
assignment of no-fault as long as the specific rules were followed.

» Clarity and transparency — there are no surprises or uncegsaiatjiarding processes
and therefore all stakeholders can plan accordingly.

* German utilities want PV to stay on the grid during disturbancgsrovide grid
support.

* Large ground mount systems are a relatively small and detwgaet of the overall
German solar market.

12
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* As long as a structure is built to code, no permits are needeesidential PV. The
only requirement is to register the PV system with Gerrsagyergy agency (1 page
long, 15 minutes to fill out online).

Germany has shown that it is possible to address obstaclessterdain increased use
of solar energy. There are key social factors such as imstiéltbarriers, social
acceptance, stranded costs among others that need to be addresdeslisticaway
before one can see a more sustained and orderly growth of PV systems in Poerto Ric

DOE’s Rooftop Solar Challenge

A contribution towards addressing part of the challenges facing PV energyudyaad
propose alternatives to reduce the time and costs related taiRMistrative processes,
interconnection, as well as addressing planning and zoning issueshobkissummarizes
work on those areas completed through a U.S. Department of Em¥Dds) (roject, under
the Rooftop Solar Challenge program of the SunShot Initiative. This DOE proguaimed:

» Partnerships among relevant stakeholders to improve market conddroreoftop
PV in major regions of the USA.

* Focus on grid-connected rooftop PV in the residential and small canansectors
(less than 300 kW).

* Emphasis on streamlined and standardized permitting and interconnection processes.
* Meaningful, measurable results through broad stakeholder participation.

UPRM led this Rooftop Solar Challenge project, with the administratipport from
the PREAA. The project aimed to identify, analyze, and provide bestiga®s that could
overcome processing and planning obstacles that impede a fasteh grovagoftop PV
systems. The final deliverable was a proof-of-concept framevatkcould improve process
predictability and standardization while dealing with many ofltival rooftop PV market
barriers. The proposed framework for PV deployment includes dinesinorganized, lean
permitting and interconnection processes for the safe and featatieh of residential and
small commercial PV systems.

Appendix A shows a summary and brief description of the milestametasks that
were completed for this project. The following chapters summérzevork and present the
final recommendations from the project on rooftop PV standards, finanaegning and
stakeholder engagement.

13
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CHAPTER 2
NET METERING AND INTERCONNECTION STANDARDS

Freeing the Grid

The Network for New Energy Choices (NNEC) publishes the Rgetkie Grid report
which was studied and its recommendations adapted to Puerto Riccepine presents a
survey and comparison of nationwide standards and best practices. A isomprthe
"Freeing the Grid" Report of 2011 and the 2010 edition was also ctmuplEnere were no
major differences from one year to the other, especially iratbas proposed to address in
the Island. This task required stakeholder input, which was obtained dwangick-off
meetings in San Juan and Mayagiez, and two focus group meetings &sm iJuan
(PREAA) and Mayagiez (UPRM) all held during May 2012. Detailhe$e meetings can
be found on Chapter 6. The Freeing the Grid Report identifies commtakeasgegarding
interconnection and net metering. The following list most closppli@s to Puerto Rico,
followed by a potential approach proposed by UPRM researchers to address eaah mist

1. Limiting program eligibility based on the size of individual reable energy
systems.Proposed solution for Puerto Ricorhe size of a system should be
determined only by a customer’'s load and by the nature of the pedp(int of
interconnection).

2. Capping the total combined capacity of all customer-sited gemgr&roposed
solution for Puerto RicoLimit must be set based on engineering criteria in a way that
does not affect the grid’s reliability.

3. Requiring unreasonable, opaque or redundant safety measures, such ssrah ex
disconnect switchProposed solution for Puerto Ricdo not require external
disconnect for inverter-based systems such as the ones used in PV systems.

4. Creating an excessively prolonged or arbitrary process fazmayapprovalProposed
solution for Puerto Rico:Create a mechanism to ensure the interconnection
application takes the least amount of time possible.

5. Failing to promote the program to eligible customémposed solution for Puerto
Rico: Encourage rooftop PV among residential customers

The report also gives net metering grades depending on the following scales:

» A: full retail credits with no subtractions. Rules activelyamage use of distributed
generation (DG).

15
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B: Generally good net metering policies with full retail ctethut there could be
certain fees or costs that detract from full retail equivalent value.

* C: Adequate net metering rules, but there could be some signifestor other
obstacles that undercut the value or make the process of net metering maouk. diffi

» D: Poor net metering policies with substantial charges or other hindrances.
* F: Net metering policies that deter customer-sited DG
* “~" No statewide policy exists.”

Net metering refers to a commercial transaction wherastgomer that owns DG can sell
excess power to a utility at the same rate as the utility selledsielenergy to the customer.
Figure 2.1 gives a pictorial overview of net metering gradeiloiigion in the U.S. The figure
shows a grade of ‘B’ for Puerto Rico, but the project’s ingialysis shows a more correct
grade would be ‘C’.
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Figure 2.1: NNEC’s Net Metering Grades in the United States (adapt&Mvmn
Rodriguez, UPRM)

The best net metering practices common in many states are:

1. Adopt safe harbor language to protect customers-generators ftaanumanticipated
fees.
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2. Remove systems size limitations to allow customers to meet all on-sitgy ereeds.

3.

Increase overall enrollment to at least 5% of peak capacity.

4. Specify that customers-generators own their RECs.

Table 2.1 shows net metering practices that are common to wiltegrades of ‘A’ that
were used as guide for the recommendations in Puerto Rico.

Table 2.1: Best Practices in States with Net Metering Grade of ‘A’

Eligible
Renewable/Other
Technologies

Solar Thermal Electric, Photovoltaics, Landfill Gas, Biomass,
Hydroelectric, Geothermal Electric, CHP/Cogeneration, Hydrogen,
Biogas, Anacrobic Digestion, Small Hydroelecric, Fuel Cells using

Renewable Fuels, Wind, Tidal Energy, Wave Energy, Ocean Thermal,

Anaerobic Digestion, Microturbines, Waste Gas and Waste Heat Capture
or Recovery.

Applicable Commercial, Industrial, Residential, Nonprofit, Schools, Local

Sectors Government, State Government, Fed. Institutional, Agricultural, Multi-
Family Residential.

Applicable All utilities (some exceptions for small municipal utilities) or Investot

Utilities owned utilities, electric co-ops, solar, wind, biogas, full cells, alterngtive
electric suppliers.

System Capacity | System must be sized to meet part or customer’s entire electric loagl and

Limit may not exceed 125% of customer’s total connected load. Systemg must

have between 1IMW-60MW approximately.

Aggregate
Capacity Limit

5% of peak demand (utilities may increase limit) or no limit specifieq

Net Excess
Generation

Credited to customer’s next bill at retail rate; excess reconciled lannua

at avoided-cost rate.

REC Ownership

Customer owns RECs (must be relinquished to utility for 20 years i
exchange for incentives).

Meter
Aggregation

L

Virtual meter aggregation on multi-family affordable housing alloweg.

Allowed for IQU customers. Allowed at same or adjacent location.
Group net metering allowed.

The Freeing the Gridreport also provides a grading system for interconnection pgadtic

the U.S.:

A: No restrictions on interconnection of DG systems that meet safety gtanda

17



Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

B: Good interconnection rules that incorporate many best praetiogged by states.
Few or no customers will be blocked by interconnection barriers.

* C: Adequate for interconnection, but systems incur higher fegetoager delays than
necessary. Some systems will likely be precluded from interctionebecause of
remaining barriers in the interconnection rules.

» D: Poor interconnection procedures that leave in place many nedifesers to
interconnection.

* F: Interconnection procedures include many barriers to intercoaneddlany to
most DG systems will be blocked from interconnecting because of the standards

« “~": No statewide policy exists.

Interconnection refers to the physical connection and operation of i p&allel with the
utility’s electric grid. Interconnected systems can be eitingler net metering or not. Figure
2.2 gives a pictorial overview of net metering grade distidoutn the U.S. Puerto Rico
obtained a grade of ‘F'.

Montana

Alaska

Figure 2.2: NNEC's Interconnection Grades in the United States (adaptet/iayt V
Rodriguez, UPRM)

The best interconnection practices common in many states are:
1. Remove system size limitations to allow customers to meet all on-sitgyeresds.

2. Provide more clarification on the dispute resolution process.

18
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3. Prohibit the use of redundant external disconnect switch.
4. Prohibit requirements for additional insurance.
5. Prohibit external disconnect switch requirements for all inverter-basednsyste

Table 2.2 shows interconnection practices that are common to wititeggrades of ‘A’ that
could were as guide for the recommendations in Puerto Rico.

Table 2.2: Best Practices in States with Interconnection Grade of ‘A’

Eligible Solar Thermal Electri®?hotovoltaics Landfill Gas, Biomass,
Renewable/Other Hydroelectric, Geothermal Electric, CHP/Cogeneration,
Technologies: Hydrogen, Biogas, Anacrobic Digestion, Small Hydroelecric,

Fuel Cells using Renewable Fudlgind Tidal Energy, Wave
Energy, Ocean Thermal, Anaerobic Digestion, Microturbines
Waste Gas, and Waste Heat Capture or Recovery, Other
Distributed Generation Technologi€3ther Sources of
Renewable Energy

Applicable Sectors: Commercial, Industrial, Residential, Nonprofit, Schools, Locg
Government, State Government, Fed. Institutional, Agricultural,
Multi-Family Residential,

Applicable Utilities: All utilities, Investor-owned utilities, All Transmission and
Distribution utilities,

System Capacity Limit: | 1L0MW, 20MW, 80MW approximately

Standard Agreement: | Yes

Insurance Additional liability insurance not required for systems that mget
Requirements: certain technical standards. Vary by system size and type

External Disconnect Required for systems lager than 25kW or no required
Switch:

Net Metering Required: | No

Besides thd-reeing the Gridreport, the following references were studied to identify best
practices:

1. Review of the suite of standards from IEEE 1547. This is a setanflards which
provided the main foundation for most of the best practices for the safe interconnection of
distributed generation (DG) to the electric power grid. The BnBajicy Act of 2005
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(EPAct 2005) required all regulatory bodies and unregulated utilities (SIRRERBA), to
state whether they would accept DG or not and why. The IEEE 15¢ Tneationed in
that federal law as a model to follow. In Puerto Rico PREP/Awa@d the IEEE 1547
when writing Puerto Rico’s interconnection standard. However, somethef
interpretations given to 1547’'s requirements were somewhat inflexil?eerto Rico’s
standard. Furthermore, many of the best practices from theaketédenewable Energy
Council (IREC) and NNEC are more aligned to the goal of isongePV usage in Puerto
Rico. One should remember that 1547 was written under the premi€GHmnetration
would not reach 10%. Thus, strict alignment to 1547 is not necestberibyest approach
in the context of Puerto Rico.

2. Various technical papers from conferences and journals. Fon@isg of papers studied
see Appendix J.

3. Reports on software tools for interconnection analysis. For exanh@VER
(http://www.homerenergy.com) was used in the project for intedjratealysis of PV
interconnection. Other tools that were used for the project, develgpd®EL, can be
found in_http://www.nrel.gov/analysis/analysis_tools_market.html.

4. IREC’s 2009Model Interconnection ProcedurandModel Net-Metering Rules

Key ideas for net metering include that the rated capacity of the PV sgatebe as much as
the customer’s service entrance capacity. Another rule iethation of RECs unless those
were explicitly contracted in a separate transaction indepenaferMet Metering or
interconnection (e.g., as is the case with the incentives ofsteen Energy Fund). If
interconnection has been approved, the utility shall not require furtsisr égcept those
required by the manufacturer of the equipment in the system. Tdese were studied and
aligned to the Puerto Rico Rooftop Solar Challenge project.

Regarding the model interconnection processes, it was encayrdginh the IREC report
includes an Online Application Requirement as a model practice wdsiavell-aligned and
provided further support to the project's work on an online system to espBit
administrative processes. Another important model studied was BER®@’ levels listed
below:

» Level 1 Screening Criteria and Process for Inverter-Basstkefating Facilities Not
Greater than 25 kW

» Level 2 Screening Criteria and Process for GeneratingitiegiNot Greater than 2
MW

* Level 3 Screening Criteria and Process for Non-Exporting Gengrgacilities Not
Greater than 10 MW

* Level 4 Process for All Other Generating Facilities
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Since the project was focused on systems up to 300 kW, only themirdevels were
considered. However, a recommendation is given to PREPA to evdiegpedsible use of
the other two levels as this would create a more supportive envinbrforerenewable
energy and would allow Puerto Rico’s grades in the NNEC'’s standards to improve.

Recommendations

Based on the references read, stakeholder input, and UPRM’s anafiytbie Puerto
Rican context, specific recommendations were developed for chemget metering and
interconnection practices in Puerto Rico. Since PREPA has contralheveet metering and
interconnection Standards, the work was divided between areagiltiz¢ more difficult to
change and areas easier to implement (i.e., with lower resistance).

These are the specific recommendations for the revisiamebimetering standards
Puerto Rico:

* Allow net metering system size limits to cover large comwnaé and industrial
customers’ loads as systems at the 2 MW level are no longer uncommon.

0 Best practice: Increase size allowed to 2 MW for systeompected to 13.2
kV feeders

o0 Near term: Preliminary study of potential users of 1-2 MW systems at 13.2 kV
* Do not arbitrarily limit net metering as a percent of a utility’s peakashemn

0 Best practice: Revise language in rules and regulations to entrgretation
of a more flexible capacity limit

o0 Near term: Determine rational limits

* Allow monthly carryover of excess electricity at the utibt full retail rate
(unlimited).

0 Best practice: Accept the recommendation as an energy eaffici and
conservation strategy, with reasonable ceilings to protect PREPA’sémanc

o Near term: Accept the recommendation up to a reasonable percahtagst
for residential customers.

» Allow customer-sited generators to retain all renewable eneeghtefor energy they
produce.

0 Best practice: Accept the recommendation and develop explicit rules.

o Near term: Study feasibility and ways to account for custayeeerated
RECs (especially residential and small commercial).

» Protect customer-sited generators from unnecessary and burderexbrtege and
special fees.
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0 Best practice: Web-based system implemented will help reduce red tape.
o Near term: Clarify all gray areas. Compliance with the intent of Act20DB.

As previously discussed, the recommendations have both the best paadtit®re realistic,
near term actions to deal with obstacles or direct the PV innk@rds achieving the best
practice. These recommendations were developed with the helgPWostakeholders in the
focus groups and were furthered reviewed in small group meetingg dutly 2012 (details
on Chapter 6). The goal was to provide technical support for each netingpete
recommendation, so that the Puerto Rico grade in net meteringigdesB’. For example,
as shown in Appendix B specific practices in Hawaii (islandesydike Puerto Rico), and
Delaware (grade of ‘A’ in net metering) were compared and analyzed.

These are the specific recommendations for revisiam@fconnection standards and
practicesin Puerto Rico:

» Set fair fees that are proportional to a project’s size.

0 Best practice: No fees for processes done on-line. Beginardislide effort
to characterize feeders, so that number of supplementary stwdmsimized
(begin with 13.2 kV feeders).

0 Near term: PREAA and OGPE (permitting office) should makelaa a
certification database (no charge for on-line copies), and acegionisl Labs
certification for new equipment with minimum evaluation (no fees or
minimum). PREPA should publish details and costs related to studiées t
might be needed.

* Ensure that policies are transparent, uniform, detailed and public
0 Best practice: A Web-based system must comply with these characteris

* Prohibit requirements for extraneous devices, such as redundant discwitauts.
Apply existing relevant technical standards, such as IEEE 1547 and UL 1741.

0 Best practice: Do not require external disconnect for all rooftoBistems
below 300 kW (or system with a 200 A service entrance).

0 Near term: Do not require external disconnect for systems b2BwW
(including small commercial systems)

» Do not require additional insurance.

0 Best practice: Do not require for all residential systentssanall commercial
systems below 25 kW.

o0 Near term: Ensure the existing PREPA administrative ordetivéw for
residential customers) is included in PREPA's rules and regulations.
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* Process applications quickly; a determination should occur within a di@ys.
Standardize and simplify forms.

0 Best practice: Web-based system must address this. l@saltything should
occur within a month (interconnection & net metering).

0 Near term: PREAA-based system, OGPE and PREPA use themsys
software tools.

* Screen applications by degree of complexity and adopt plug-and-play fare
residential- scale systems and expedited procedures for other systems.

* Best practice: Improve interconnection conditions based on:

0 Level 1 Screening criteria and process for inverter-basedrgting facilities
not greater than 25 kW

= Plug-and-play rules for residential-scale systems below 10 kW

0 Level 2 Screening criteria and process for generatingtfasilot greater than
2 MW.

The recommendations for changesnterconnectiorhave both the best practice and
more realistic, near term actions to deal with obstacles ectdihe PV market towards
achieving the best practice. These recommendations were del@dpehe help from PV
stakeholders in the focus groups and were furthered reviewed inggsmg meetings during
July 2012. An important stakeholder recommendation was to increaB8 kW\Bthe current
limit for commercial systems to go through PREPA’s “simglpplication process”.
Technical justifications were developed to support these recomti@riarhe goal was to
provide technical support for each of the interconnection recommendstidhat the Puerto
Rico grade in interconnection goes from ‘F’ to ‘C’. For examplestasvn in Appendix C
UPRM researchers compared and analyzed specific praatidéawaii (island system like
Puerto Rico), and Delaware (improvement from ‘F’ to ‘A’ in interconnection).

Technical Justifications for Recommendations

The proposed best practices require justifications in order tepatchem as
policies that ensure safety for the people working on the elditds and for the grid
while improving PV market conditions. Many states are allowimgaaimum capacity
for net metering to 2 MW. This has become the mimmstandard. Large loads such
as government buildings, hospitals or universitesld use 2 MW. Thus standards
should permit systems that are sized to meet saigelloads. Puerto Rico should
increase net metering system allowed capacities from 1 M2VMW. Recently system
capacities up to 5 MW were approved for Puerto Rico if connected ttvasmgmission
voltage (in Puerto Rico that is 38 kV). However, for voltages up to K\3.the limit
remains on 1 MW. There are technical reasons to continue the lirWlifdr voltages
under 13.2 kV, however an increase to 2 MW for systems connected to 13&2dard
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must be considered. In discussions with PREPA it was stated that in praeteare no
clients that would connect over 1 MW at 13.2 kV. A preliminary siadgcommended
to identify potential users of 1-2 MW systems at 13.2 kV to justify the best gractic

Interconnection procedures should be less strinfpergmall, simple systems
and more stringent as system size increases. Rt processes should exist for
small generating facilities. Examples of best pas include California where small
systems pass certain “screens” such as: capac#yhes 2 MW, fault current is less
that 10% of total fault current and not exceeding58o of distribution equipment
and protective devices rating. FERC has also astedd four screen levels, and thus
it was recommended a careful examination for pdssadaptation in Puerto Rico of
the first two levels.

Plug-and-play rules are recommended for residential-scalersysiglow 10 kW.
These systems are small enough to justify simple interconnectobnet metering rules.
Furthermore, commercial systems up to 25 kVA should have expeditedipresdhat
reduce the time and money required for their installation and operation.

It has been concluded that the utility-accessibBtemal disconnect switch is
redundant and unnecessary for residential and ssoalimercial inverter-based PV
systems. Eight state public utility commission .(i.Arkansas, Delaware, Florida,
Maryland, Nevada, New Jersey, New Hampshire, andh)JJhave reached this
conclusion and eliminated their external disconrssatch requirements for systems
that meet criteria, and nine state public utilityreuission have decided to leave the
external disconnect switch decision up to individuélities. In the states with
utility choice, at least five utilities have elinated the external disconnect switch
requirement. Some factors that help in the proagfseliminating the external
disconnect requirement are:

* Increasing utility experience with grid-connected/ PBsystems that
demonstrates the effectiveness and safety of Wtediinverters

* Re-evaluation of safety practices and rules in lighttechnological
advances and regulatory changes

* A need to eliminate the administrative burden asdoaiated cost of
requiring utility-accessible external disconnecitstv.

» Growing pressure to remove barriers to entry totngeewing state-level
targets for PV installations.

Using these guidelines, it is recommended that the redundant discewitebt requirement
be eliminated for inverter-based systems that follow complly VEEE 1547 and UL 1741.
This recommendation is given for all rooftop PV Systems below 300ck\V200 A service).
In the near term, the requirement should be lifted for sysbatasv 25 kW (including small
commercial systems).
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These recommendations were well-received by stakeholders andetuidack used to
refine this work. Further justifications are mentioned below for each besicprac

Prohibit requirements for extraneous devices, such as redundant discombaues.
Apply existing relevant technical standards, such as IEEE 1547 and UL1741.
Best Practice: Do not require external disconnect for sgsfemall rooftop PV
below 300kW.

o Justification: OSHA requires to check to be sure the cirsuiead, to ground

the circuit conductors, and to wear gloves. OSHA procedures, alsiitéxpl
require the line section to be verified as de-energized priotl teeevice
actions. In addition the inverters with IEEE and UL standards {teess
unintentional islanding test. Since all workers must perform thelA0S
procedure before any work done on a line, a line considered dezstergi
cannot become energized by an inverter without the utility apgpljottage to
the line (Sheehan, 2008).

Screen applications by degree of complexity and adopt plug-n-plas/farleesidual
scale systems and expedited procedures for other systems.
Best Practice:

= Level 1 screening criteria and Process for inverter based ajeer
facilities not greater than 25kW.

= Level 2 screenings criteria and process for generatingjtizsinot
greater than 2MW

o Justification: In practice, there is rarely a need for giedeedures above 10

MW of capacity since larger systems typically follow FER@sdictional

transmission lines. However, since FERC does not have jurisdictiameitoP
Rico, it is recommended that PREPA uses FERC proceduresdcsimmgs to
improve their interconnections requirements for larger systemgteatieo the
Island’s particular physical restrictions.

Process application quickly, a determination should occur within a days.
Standardize and simplify forms.
Best Practice: Web-based system will be developed to this ldedlly everything
should occur within a month.

o Justification: Barriers of time and expense brought about Quirreg

multiple departments to review the same application severelypitintie
timely and efficient construction of new PV systems. The ntgjaf
residential PV systems share many similarities of designch allow for
national standardized expedited permit process for small-scalsyStems.
(Expedited permit process for PV systems). Standardization beay
beneficial for installers who learn to navigate well in a leingrocess
throughout the state, lowering installation costs and time. A weldHisgséem
increases the number of complete and quality applications and itisitelja
saves time by lowering reviews and repeated back and forth betleen
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installer and the municipal staff. At the same time whiea simple
application is launched with an on-line submittal system it ney rhissing
information and may aid the installer of what information is resgsand
why it is needed.
» Set fair fees that are proportional to a project’s size.
Best Practice: No fees for processes done on-line. Begislaana-wide effort to
characterize feeders, so that number of supplementary studies is minimized.
o Justification: A fair fee system rewards good-standing cus®med does

not subsidize the less responsible (suggestion from the Sierra Clab).
addition it helps bring system costs down.

Non-PREPA Policies and Regulations for PV systems in Puerto Rico

In Puerto Rico there are regulations that allow certain actorise petitioned as
exemptions to environmental compliance, as long as it complieRETIDA. The actions
mentioned are exempted from these requirements since their po@ssdeemed as an
everyday routine and predictable and do not wonder off the environnmntadliance
policies. Among those regulations, there is one from the stataitPeOffice (OGPe)
“Resolucién Sobre Exencion Categorica” that is relevant to BYesys. Renewable energy
has an important advantage, mentioned as a “Category Exclusioneddiation mentions
that any renewable energy source with a nominal capacity L/ in rooftops of houses
or existing buildings and its property for the purpose of gemgratnd supplying electric
energy may be installed with use of this Exemption of environmeaefadrting and
construction permits. This does not mean that the proponent of the syst&empt from
complying with applicable dispositions (other than those explicitly exemfued)l in OGPe
or other government agency regulations.

Puerto Rico enacted net metering legislation ingdst 2007. This law allows
customers of the Puerto Rico Electric Power Auttyo(PREPA) to use electricity
generated by solar, wind or other renewable-eneegpurces to offset their electricity
usage. This law applies to residential systems \aitgenerating capacity of up to 25
kilowatts and non-residential systems up to one ameqt in capacity. Customer net
excess generation is carried over as a kilowatt-lsoedit to the following month, but the
credit is limited to a daily maximum of 300 kWh foesidential customers and 10
megawatt-hours for commercial customers. Figure 2.3 caapguerto Rico to Delaware,
a state with an “A” classification that was used as egieg for best practices (frofteeing
the Gridreport).

Renewable energy credits (REC) is part of the financiogkwexplained in detail in a
latter chapter. The following recommendations regarding RECmdreled in this chapter
in support of the interconnection and net metering recommendations pcessattier.
Currently RECs from residential systems are not allowed. Spnuelines exist on Puerto
Rico’s Act 82-2010 regarding the Island’s renewable portfolio stantaitdpnly for large
generators. Puerto Rico currently does not have cl&@ Riles, thus it received a -1 in
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the PV Market evaluation as this is not addressSmne recommendations from the
California rules that should be adapted for processes in Puerto Rico are:

1. Fully bundled, non-tradable RECs: This kind of RECs is essentally
accounting tool. This type of REC distinguishes a megawatt-howeneivable
electricity apart from any other megawatt-hour of conventigngénerated
electricity. By using RECs in this manner, it should be easiezstablish a
tracking and verification system that ensures the various parigeged in the
business of electricity generation and supply do not account for rblyewa
generated electricity multiple times, and so avoid a distorigdrpi of the use
of renewable.

2. Unbundled, fully-tradable RECs: If RECs are unbundled and tradedaselgar
from the associated electricity, they become as tradabldiczges which
memorialize the positive environmental attributes of renewaldgeted
electricity. When fully unbundled from the associated electriaitg sold,
tradable RECs allow a generator owner to receive a direnetary value for
the green benefits resulting from their renewable production. Alse,
environmental benefits may be traded or sold to another party wkonata
otherwise want, or be in a position to purchase the actual electricity.

I Net Metering Policies of Puerto Rico and Delaware

\.v-.'vm Progra RECs | Ehigible | Eligible .\!;, Commu | Safe Rule | Retail PPA
Copacit m Tech Cur nity Harbor | Coverag | Choice | Treatm
o o oot

1
® Delaware 4 25 15 2 1 1 1 1 1 2 1 0s 1

Figure 2.3: Net Metering in Puerto Rico vs. Best Practice (Delaware)

3. Hybrid. Allow RECs to be tradable, but limit or restrict tharket for those
RECs. Such restrictions would effectively limit the initial ket for RECs to
utilities, since they would be the only parties in a position to psechad take
delivery of the electricity from a generator via the gritlisTutility purchaser
could then make later unbundled sales of any RECs they posses®&s ex
their own needs. In this scenario, a generator owner may stiil d@osition to
monetize the environmental benefits resulting from their renevpaibtiuction,
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but only to the extent the RECs’ value can be added to the priedefdricity
negotiated with a utility buyer.

Conclusions for Chapter 2

All the recommendations presented in this chapter would have aigpatt on Puerto
Rico’s PV market. One area identified by stakeholders as ahetvwe greatest potential for
market improvement and local economic development was the development
recommendations for plug and play rules for rooftop PV systemsmigine philosophy is to
make installing small PV systems as easy as instaltitag water heaters, in which the main
requirements are that the equipment and the installer are bdifiede Here is the
recommended streamlined process, with emphasis on plug and play cases:

1. Do not charge fees for on-line documents or processes.

2. The list of certified equipment must be made available on-linethdfe are
certifications from national laboratories, no additional certiiicais required from a
local entity.

3. Begin a “plug and play” process for rooftop PV up to 25 kW (residk or
commercial):

a. If the installation uses only certified equipment, PREPA’s amenection
application is the only requirement with all certifications &l (obtained
on-line, for free).

b. Once PREPA grants interconnection permit, the installation might begin.

c. Once the installation is finished, the installer notifies PRERAday that tests
will be performed (at least five working days before the .tdst)s is done on-
line, generating a “notification receipt” as evidence that PR&&# properly
notified. Tests can be performed, even if PREPA does not ipatéc No
additional tests are required.

d. After the test, the system is registered on-line with ©G® keep an
inventory of PV systems in the Island.

of

i. Copies of purchases of equipment and their certifications are

submitted on-line, as well as photos of all the installed PV modules

the rooftop and the installed inverter, wired and already tested.

PREPA's test notification receipt is also submitted.

ii. The installer swears (or certifies) that all submittecbrimiation is
correct and that the installation was made following all appkcabl
standards and regulations. The installer confirms that all liedtal
equipment are certified and are safely operating.

iii. Once the registration is completed, a “registration rece&pjénerated
and emailed to user. There is no additional certification or psdoes
OGPe. OGPe reserves the right to investigate and verifyutmited
information within three months of the installation.

e. Once the registration receipt is generated, PREPA is intband the client
can energize its PV system, even if PREPA did not attend the tests.
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f. Automatic application for a new meter.
g. If client wished, the net metering application is begun.

4. Establish a strict process for evaluation and declaration oftentd installers that
violate “plug and play” rules in residential and commercial audtup to 25 kW.
Penalties can include suspension of certification, as welhas &nd other penalties.
Persons that are not installers and engage in PV installations should be dialtsimi
those that help a person use electric service illegaly.

This recommended streamlined process assumes that thereoisliae system for PV
permitting and interconnection processes. A proof-of-concept of thisnentbol was
developed and is presented in Chapter 5.

Freeing the Grid report, NNEC, 2018vailable at:
http://www.newenergychoices.org/uploads/FreeingT eZ&1 0. pdf

Junta de Calidad Ambiental. (201L)stado de Exclusiones CategéricaSan Juan: Oficina
del Gobernador.

Oficina del Inspector General de Permisos. (200R-OIGPE 2011-11San Juan: Gobierno
de Puerto Rico.

Oficina del Inspector General de Permisos. (200RA-OIGPE 2011-24San Juan: Gobierno
de Puerto Rico.

Renewable Energy Credits (RECs) in California (p.11) availabé
http://db.tt/xSO5MCxD

Sheehan, M. T. (2008)tility External Disconnect Switclsolar America Board for Codes
and Standards.

Sheehan, M. T. (2008Utility External Disconnect Switch: Practical, Legal, and Technical
Reasons to Eliminate the Requireméniterstate Renewable Energy Council.

Stanfiel, S., Schroeder, E., & Culley, T. (2012haring Succesnterstate Renewable
Engergy Council.
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CHAPTER 3
FINANCING OPTIONS

Introduction

UPRM completed a detailed study of financing options for resigerdnd
commercial photovoltaic systems. A compilation of the most rele¥nt financing
structures and current developing models were studied. Comparisons eomwegtional
financing schemes, modern community-based and third party ownemnshigls were made.
Recommended financing mechanisms are presented in this chaptiEréssathe specific
challenges in Puerto Rico. Key stakeholders in the banking industtytte financial
cooperatives movement were identified. Individual stakeholders weyaged with initial
information of the project (phone calls and face to face individual ceatiens). UPRM met
with individual persons in the Financing sector. Researchers maaherous calls and
exchanged emails in coordinating all the focus and small group meetings.

Mostly due to aggressive public policies and government incentivesy sola
photovoltaic (PV) is currently the fastest-growing renewable gntchnology worldwide.
According to the most recent annual report published by the IntmmahtEnergy Agency
(IEA), it is expected that the share of renewable in poweergéion will grow from a 3% in
2009 to 15% in 2035. However, the high upfront cost and availability of mseii@e still
the main limitations for many PV systems developers.

As reported in a study performed by the National Renewableg¥rieaboratory
(NREL), the high upfront cost of residential and commercialsiP$tems are mostly due to
non-technical factors. The study concluded that the cost of elggtinilling structure,
government incentives and financing schemes are the main fabtairgddtermines the
upfront cost of grid-connected PV systems. Furthermore, it ovaxlfthat the grid-parity or
break-even price (the point where the cost of PV generation dtjeat®st charged by the
utility) of residential PV varies by more than a factor ofii@he United States, mostly due
by the differences in incentives and financing structures.

Financing: Traditional Methods and Government Incentives

Traditionally, residential and commercial photovoltaic systeme lmeeen financed
through personal loans, home equity loans, mortgages and cash paymentsbination
with federal and state incentives. By 2010, the total cost ofdergml and commercial PV
system in the United States was about $5.71/Wp and $4.59/Wp, respe&iratxample, a
typical residential PV system with an installed capacity &V could have an upfront cost
of approximately $22,840, without considering any incentives.

The upfront cost of residential and commercial PV systems cametheced
substantially by combining federal and local incentives. In Puecm, Br example, there is
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a 30% federal tax credit of gross cost at installation. Als®,"Puerto Rico Green Energy
Incentives Act”, through the Green Energy Fund, offers relzdtap to 40% of the cost for
Tier 1 projects (0-100kW) until 2017 based on first-come, first-sergleense. In the same
way, the local government offers a tax credit of $4/DC-Wattfoto $15,000 for residential
PV systems and up to $100,000 for commercial PV systems. For exasplming an
installed capacity cost of $5.71/Wp, a 4kW residential PV systamala®er could benefit
from an $8,800 total incentive amount in Puerto Rico (Refer to Tierdr&eafe Guide of the
Green Energy Fund from the Puerto Rico Energy Affairs Admatistni for more
information). When including federal and local tax credits, thal topfront cost could
decrease approximately half the total initial cost ($22,480).

Despite the local and federal incentives, technological advancdsimgcosts of
solar panels and the increasing the cost of electricityjn$talled capacity of residential
photovoltaic systems in Puerto Rico last year was only 4 MW. Treupfront cost of small
and medium capacity PV systems is currently a barrier tagimg development of the solar
photovoltaic market.

Currently, there are a variety of financing options for resideatid commercial PV
systems in the United States. Among the funding agenciesutinantty offer personal loans
are Fannie Mae, Freddie Mac, HUD & FHA, VA and E.P.A. Table Badlvs the variety of
offerings from each of these corporations. One of the disadvantaties fofiancing method
is that the individual investment returns in a very long time, lyscldse to the period of
complete payment of the debt.

Table 3.1: Financial Options for Residential Photovoltaic Systems (Adapted fobm R
Hessler Solar Sales Training, 2009).

Entity Eligibility Amount Term Note
Fannie Mae| Power Utility Customers $15,000 15 years No insurance
Freddie Natural individuals Up to 15,20 & 30 Collateral: First
Mac $240,000 years mortgage
H.U.D & Individual that qualifies 15 & 30 . :
FHA for Title 1 $25,000 years Fixed interest
Up to 15 & 30 Collateral: First
VA Veterans $203,000 years mortgage
EPA Natural Indmduals and NG limit 15 & 30 Collateral: First
Business years mortgage

In recent years, new models of PV systems financing have dmexoped in the
United States and Europe. In Spain, for example, the InstitutthdobDiversification of
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Energy Saving (IDEA) is directly involved in the process of fimagsolar PV projects. As
they published, most projects are funded through the participation of thtrdspdhat is,
IDEA purchase PV systems to a third party and then rentstlietalient. Through a three
party scheme, the client pays a monthly fee to IDEA (or a)tHod the rental of the
photovoltaic system. Accordingly, the client pays its eleddtiicto the utility. Currently,
this model reaches over 50% of the projects of IDEA.

Similarly, in the United States, new financing models fadt ged PV residential and
commercial systems have been developed. Among the most commadhirdrearty
ownership and solar leasing.

Third Party Financing and Solar Leasing

Currently, the third party financing for residential and commérV systems is the
model with the greatest potential for development in the short t&hmough this model, the
client is relieved from the high upfront and maintenance respdhesil In this case, a third
party owns the system and charges the customer a monthly feb,igsvbgually less than the
payment of electricity bill. A fixed or variable monthly payménegotiated between the
third party and the client. Accordingly, the client continues to thayelectric bill to the
utility. Both the third party and the client assume the risk of energy gemevatiability.

For years, the leasing of capital goods has been used in the aoatmmector and
transportation. Recently, this model has being introduced into tltkeenéisl and commercial
PV market. Overall, the customer pays a fixed monthly paymenthi® rent of the
photovoltaic system. At the end of the period, the customer has tvem&iptd renegotiate
the contract, purchase the equipment or remove the equipment. Whdienhdias a net
metering agreement with the electric company, the exeassrgfion of solar energy can be
sell back to the grid. Table 3.2 shows two examples of curresinge@rograms in the
United States.

Table 3.2: PV Residential and Commercial Leasing Options in the U.S. (adambted fr
NREL, 2009)

Program State Investor Description

Zero down payment. A minimum level of

electricity output is guaranteed. Pricing and

deal structure vary based on local marke

conditions. Example: A 3.2 kW system
could cost $83/month.

Morgan

SolarCity California Stanley

—

Zero down payment. Examples of current
Connecticut State leasing options: 2kW ($49/month), 4kW
($97/month) and 6kW ($144/month).

CT Solar
Leasing
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One of the biggest drawbacks of this model is the time term afahieact. The risk
that results from the variability in electricity costsndae a determining factor for a PV
system developer in committing to a 15-20 years lease.

For commercial PV systems, the customer can sell the poweratghdy the solar
system to the electric company through a purchase agreenherthis case, a price is
negotiated based on solar power generated and the customer to the @®ecpany sells
solar photovoltaic system. Unlike a lease, the cost of sale deperttie solar photovoltaic
generation. One of the biggest advantages of this model is agaifrmvethe high initial
investment costs. This type of model is the most common commercial photovoltamssyste

The development of new models of financing for residential and cocrahe
photovoltaic systems is a key factor for the development of solaoditatic market in the
short to medium term. The modern financial structures such akdbmg and purchase
agreements provide the customer an innovative alternative that additesgproblem of high
upfront cost. NREL published a summary of the financing options and it has been included in
Table 3.3.

Table 3.3: Financing Options (Summary, adapted from DOE, 2010)

FlnarTcmg Cash Home Equity Other Loan Leasing PPA
Option Loan
Upfront Cost High Low Low Low Low
System’s Homeowne
Homeowner | Homeowner Homeowner Homeowner
Owner r
Ongoing
None Yes Yes Yes Yes
payments
System’s | Homeowne Solar Solar
. Homeowner | Homeowner . .
maintenance r Cooperative| Cooperative
Federal Credit Yes Yes Yes No No
Tax. N/A Interest on NoO N/A N/A
deductions loan
to 2 to 2
Term N/A 5-30 years Up t0 20 Up 0 20 10-20 years
years years

The stakeholder meetings on Financing during 2012 proved to be vital $or thi
project. The meetings allowed us to confirm the strong intex@st tihe cooperative sector in
financing residential and small commercial PV systems. tfdmitional banking sector is
more interested in larger scale renewable systems. Auggestion from these meetings is
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the importance of integrating appraisers and insurance companidsesa financing
discussions.

In Puerto Rico, several financing cooperatives across the islandtaaiex to move
towards the development of financing structures for residential ancheomal PV systems.
One of the main concerns shared by local financing entiti¢® igetrceived riskassociated
with the investment of new PV systems. The lack of informateganding the solar PV
market, the insurance related issues, the equipment’s life arpgctime and the PV
system’s ability to uphold strong weather conditions are amongetieeived riskassociated
with such technology (Findings from the DOE’s Rooftop Solar Chall&hegting with local
financing cooperatives on July L&t the University of Puerto Rico at Mayagiiez facilities,
2012).

Because thesperceived risksare obstacles to financing rooftop PV systems, the
UPRM team explored the risks associated to PV systems andeaudtiel most common
residential PV system’s financing structures available noygad&rom the economical point
of view, special attention was given to the cash flow and paybex&dp(the two main
financial performance metrics for small scale PV sysjentaurthermore, a discussion of
Renewable Energy Credits (REC’s) was made in order to prowg@eeral understanding of
renewable energy incentives currently available.

Risks Associated with PV Systems

There is a general concern between PV system’s investorsanesucompanies and
homeowners about the risks associated with the solar technolo@hawes and Bahill
(2010), several of the real risks associated with solar PVrsgsieere organized into five
categories. Table 3.4 shows the different risks including a brief descriptionmof the

Table 3.4: Description of Risks Associated with PV Systems (Adapted from Caage
Bahill, 2010)

Risk Description

Grid Integration Operational risks: blackouts, balance of elegtsapply, etc.

Project Management & | PV project's development risks such as price variability,

Development design/permit bureaucracy, etc.
Hardware Reliability of PV system's components
Environmental Weather, catastrophic events, opposition, etc.
Government Changes in government's public policy

Probably the highest risk associated with PV systems isheweeelated (the rapid
changes in energy generation caused by cloudy periods). Fromea ydity perspective, it
is a true risk. However, such risk can be diminished by sghs@ibuting PV systems. In
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Worren (2012), it was mentioned that the uncertainty around the revendgwofitability

resulted from the risks mentioned above have a strong effect omaneiéil viability of the

project. The author concludes that most of the risks associatedolattPV systems can be,
in most cases, managed through actual financial mechanisms and insurance.product

PV System’s Insurance Products Requirements

The risk associated with property damage, natural disasters, aheéf business
interruption are among the major concerns that insurance companies h&tarrs (2000),
NREL identified four insurance products necessary for small scale Pafrss/s An overview
of the four insurance products is presented in Table 3.5.

Table 3.5: PV systems Insurance Products (Adapted from Starrs, 2000)

Insurance Product

Description

General Liability

Covers policyholders for death or injury to persons or damage to
property owned by third parties.

Property Risk

Covers damage to or loss of policyholder’s property. Also, it can
indemnify homeowners of natural catastrophic events.

Environmental Risk

Coverage indemnifies system owners of the risk of either
environmental damage done by their development or pre-existing
damage on the development site.

Business Interruption

Lost sales as a result of the system not being operational and l0sg

production-based incentives also resulting from the lack of elegtrigi

production

of

In the same publication, NREL discussed four main areas that mastdbessed in
order to develop a PV insurance structure. These are:

1. To create a large database of PV historical loss datairibltdes system’s
operation, availability and insurance loss.

2. To classify the Renewable Energy Business into different groupsler to better
assess insurance claims.

3. To develop a detailed testing procedure for PV system componeotdento
assess the weather-related vulnerability.

4. To improve the installation process by developing a standard foryBténss

installers.

Modeling Residential PV Financing Structures

The two most popular financing structures for residential Ptegays are the personal

loan and third party leasing.
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options, both schemes were compared by using the Solar Advisor Médé) éhd Excel
software.

4 KW Single Homeowner Residential PV System

Two options for a single homeowner PV system were comparegtsaral loan and
a third party lease. For thhird party leasecase, a .5% of the total installed cost was
included to incorporate insurance costs. As a resultpéingonal loanoption produces a
monthly saving of $165 ($33 for the leasing case). However, the moathhgs from the
leasing case can be fixed through a period of time.

40 kW Solar Community PV System

For the solar community case, the same two options were sathul#@\s expected,
similar results from the first case were obtained. Howenrdhis case, the decrease in total
cost (from $4 to $3) of the PV system resulted in an earlier timeed’s payback period as
shown in Table 3.6.

Table 3.6: Comparison between Single and Multiple Home Owners Financing Models

Residential and Commercial PV System's Financing Structuie
. . . Residential Solar Community (Per
Financing Metric Homeowner)
Personal Third Party Personal Third Party
Loan Lease* Loan Lease*
Payback Period 8 N/A (Down 6 N/A (Down
y Payment=0) Payment=0)
Approximate Monthly $165 g3er $165 §3wr
Electric Bill
Approximate Monthly| ¢, , $132 $82 $132
Loan Payment
Approximate Monthly
Savings (During $51 $33 $83 $33
Loan)
Approximate Monthly
Savings (After Loan) $165 $33 $165 $33
* Third party Leasing includes a yearly insurance fee of .5% of thietetalled PV system cost
** Fixed residential customers fee in Puerto Rico

*Refer to Appendixes G and H for the simulation’s assumptions and methodology*

37




Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

Renewable Energy Credits

The 2010 Puerto Rico’s Green Energy Act defines renewableyeaedjts (REC'’S)
as follows:

“A personal asset that is a tradable good or security that can be bought, solghedsind
transferred between individuals, for any lawful purpose, which as a whole sibtbBvasset,
is equivalent to one (1) megawatt hour (MWh) of electricity geedrély a source of
sustainable or alternative renewable energy (issued and registered andaocce herewith)
and, in turn, comprises the environmental and social attributes defined herein”

In general terms, a REC is a financial mechanism edlesd achieve a minimum
renewable energy generation in a state/territory (establisked BRenewable Portfolio
Standard; RPS). The main purpose of the REC’s is to encouragendratgm of electricity
via renewable resources, such as solar and wind, and to give a movedtee to the
environmental benefits of such technologies. The following percentafjesnergy
generation from renewable resources should be met in Puerto Rico:

- 12% from 2015 to 2019
- 15% from 2020 to 2027
- 20% in 2035

The funding required to meet RPS’s can be supplied by local/fadeegitives, taxes
and private investment. According to the"3Buerto Rico Electric Power Authority
Annual Report, the public utility sell approximately 18,500 GWh of ag¢eelganergy in
2011. The 12% (goal for 2012-2019) of this energy amount should createlidar2 REC’s
(1 MWh each). Figure 3.1 shows the most recent solar REC’s prices in the Uatte] St

Solar REC Prices in the United
States

# REC Price (July 2012)
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Figure 3.1: Solar REC Market Prices (from SREC Trade, 2012).
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The REC'’s are sold separately from the electricity. Tmesns that the homeowner
will not get a credit in his monthly electricity bill. Insteehe will get paid for each REC’s
generated.

For example, a 4 kW residential PV system installed in M@agagPR could generate
approximately 6,000 kWh annually, equivalent to 6 solar REC’s. Insssatsh Washington
DC a profit of $1,800 per year can be generated with a P¥mysith the characteristics of
Mayaguez. The Department of Energy (DOE), in partnership withrgment and public
entities, published a guide which describes the necessary stapsgolar renewable energy
certificates.

In summary, the educational process, the development of insurancetsradd the
transparency of historical data, must be addressed in order to stintivé perceived risks
associated with solar PV systems. Meanwhile, the most pefifenancing option for
homeowners is the solar community. From an economical point of vieagption offered
a more profitable cash flow than the solar leasing.

Morris Model Description

A new solar photovoltaic (PV) financing model has emerged for gmestal and
municipality buildings. It is a hybrid model which requires thpdrty ownership and
government involvement. Typically known as the Morris Financing M@ileloped by a
municipality in New Jersey named Morris), the mechanism han beplemented
successfully in schools, colleges, public agencies and municipallti®and New Jersey.
Although a general concern exists regarding the time it takes the beginning of the
process until the construction phase, it is recognized as a reabrsast long as public
capital is cheaper than private.

The potential of generating electricity from solar PV systerstalled in the rooftops
of government, municipalities, schools and colleges’ building, by mmgieing the Morris
Financing Model, was assessed. The objective of the author ipl@nekow the 11%
governmental subside can be decreased by considering the hybrid tiyéPA model.
Residential and several commercial clients should be the benefited sectors.

The Morris Model is a financial mechanism used to decrdeséigh upfront costs
associated with the installation of solar PV systems in thetomp®fof government,
municipalities, schools, universities and public buildings. The model esquine
involvement of third parties and public entities.

The Morris model works as follows:

1. A public entity issues a request for proposals seeking a soleloger of projects
on public buildings.

2. In order to finance the development costs of the PV installatienpublic entity
sells bonds to bondholders.
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3. The public entity enters in two agreements: a third party lgaamd a Power
Purchase Agreement (PPA).

Implementing the Morris Model

A ten step process for the implementation of the Morris Maglshown in Figure
3.2. In order to implement such steps in Puerto Rico, several consideratust be
addressed. First, local laws governing bonds should be studied in orderifly its
requirements and regulations. Secondly, the process of seldaingnning bidder should
be carefully planned and should not only be based on the lowest priceOthiex
considerations such as zoning and public acceptance must be also inedrp@Qansidering
the details mentioned above, does the Morris model makes sensa ftommon wealth
perspective in Puerto Rico?

As of March 31 of 2012, public agencies and municipalities in Puertodwied the
Puerto Rico Electric Power Authority (PREPA) approximately $giillions in electricity
consumption bills ($189 millions from public corporations, $43 millions from publi
agencies and $4.3 million from municipalities). At a public hearnBuerto Rico’s House
of Representatives, PREPA’s executive director stated that crgumption deficit was
affecting the corporation finances. Furthermore, residentiacamanercial electricity retalil
costs were absorbing such deficit, resulting in a higher kWhl ygtae, as both clients
(which make up around 84% of PREPA’s total customers base) wgreyphe electricity
consumed by public agencies and municipalities.
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Figure 3.2: Implementing Morris Model
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Technical and Economic Benefits

From a utility’s operational perspective, the interconnection adrseV systems
installed in governmental buildings, municipal buildings, schools and ealtegtops can be
very advantageous. A strong correlation exists between theesweagy resource and the
daily electricity demand from public entities. Unlike residanglectricity consumption
profiles, were electricity generated from PV systenthrigwn back to the grid (as typically,
residential customers are not in their homes during the day), publitesniypical
consumption profile is an instant consumption/generation process.

Economic Benefits (from 84% of PREPA’s customers)

As subsided government and municipality entities move towards thenmaptation
of solar PV systems on their rooftops, the unpaid electricitly decrease resulting in a
possible reduction in residential and commercial electricityscoAtthough this report does
not considered many factors such as public policy and political iatjors, it tried to
provide the reader possible starting paths for the developmenuetansible governmental
structure.

In order to quantify the possible decrease in unpaid elegtcaitsumption debt from
governmental corporations and agencies, as well as municipakiie evaluation of the
number of new PV systems that could be implemented using tlamscand related energy
savings must be performed.

Economic and social impact of Rooftop PV Systems in Puerto Rico

The UPRM team identified and contacted managers of local conambenks as
well as regional cooperatives (financial institutions). UPR& wuccessful in bringing these
managers, and even some Board of Directors members, to the wditkgsnée discuss: how
the PV technology works, the solar resource in Puerto Rico and the currergfcsbof top
photovoltaic system. Table 3.7 shows an estimate of the costd favasystem. Figure 3.3
shows the Levelized Cost of Energy (LCE), in $/kWh, at differéas $n Puerto Rico as a
function of peak sun hours.

Financial institutions managers, specially the Cooperatives, asawxtraordinary
business opportunity and embrace the effort as stakeholders. UP&avictess embarked in
an effort to define, with significant input from the financial ingtons, a new financial
product that will make self-financing more attractive. The campsagers identified the
need to bring the insurance industry into our working group, which happenethitera
meeting. The main issues raised by these managers werengeost for this product, the
lack of a secondary market in Puerto Rico for repossess PV systemssappsaes (such as
how to include not just the capital value of the PV system but theetary value of the
energy it generates), limits in the Net Metering law and current invesnti

UPRM examined third party ownership options in Puerto Rico tofgltreir legal
status and study potential application in Puerto Rico. It is coetylktgal to have a third
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party install and operate a PV system in one’s rooftop. Two @istare needed; one
contract between the consumer and the Third-party solar roofengyeprovider, and a
second contract between the Utility and the consumer since NetiMgis allowed under
the existing Law even if the consumer does not own the PV system.

Table 3.7: Estimate of installed cost of a 1 kW PV system

System element/task $IW)
Solar panels 1.10
Inverter 0.75
Electric material 0.75
Installation 0.60
Design, permitting and certifications 0.55
Total (September 2012) 3.75

Levelized Cost of Energy, $/kWh (net metering, 20 years, 1% annual
degradation)

$0.25

0.22

El Yunque

$0.15 - ' 0-13
0.17 0.13
0.15 0.12
$ 0.13 \0\.\‘\0,‘11
0.10

$/kWh

$0.05 Adjuntas 0.09 0.08
Canovanas Cabo Rojo Sur
$0.00 | . M?yaguez NorteI . Guadnica .
2.5 3 3.5 4 4.5 5 5.5

peak sun hours

=¢=—LCOE 45/W ==LCOE 35/W

Figure 3.3: Levelized Cost of Energy (LCE), in $/kWh, at different sites intdRéro as a
function of peak sun hours.

There is a growing interest from large US companies in kiel-party business (e.g.
Solar City) to install in Puerto Rico. A group of local businessiaet installers are also
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considering the development of this option. During conversations with Gaiwmasrofficials
UPRM developed the idea of developing a Solar Financing Commurtatpetatives (and
Banks) know their customers and can identify possible clients (coapbens, businesses)
with financial resources to be used as collateral to finarRé eooftop project. In fact, the
Cooperative may decide to produce a “package” for their custonierse the Cooperative
writes and publish a Call for Proposals (CFP) for PV Instalenere the Cooperative
specifies minimum technical and financial requirements to bid Hig $olar systems
installation project ($/W, minimum technical requirements for itererand PV panels,
minimum warranties, etc). The Cooperative may take advantage ofneiesnof scale and
sales of RECs to produce an attractive financing option for their customers.

Other Community options, such as the coordinated effort of a numlogizeihs to
develop a process similar to the one previously described; whegravithpublish a Call for
Proposals (CFP) for PV Installers with minimum technical anantial requirements and
take advantage of economies of scale to obtain better PV prices, are indebele posl legal
in Puerto Rico.

What is currently unavailable in Puerto Rico is the use of otblrr £ommunity
schemes such as: the development of a large PV system, s&/ MW, developed by a
private or public entity where citizens then buy a “solar lot’aofew kW. Local Net
Metering law does not provide for the necessary “virtual netnmgte(generation in one
location to be credited to a customer account at a differentdagatiat this scheme will
require to take full advantage of the electricity producechbyctustomer “solar lot”. This is
an avenue worth pursuing, particularly if this is combined with a PACE program.

Programs such as the PACE program where cities, countiekesrpatblic agencies
(even the public utility) issue bonds to set up a funding pool to payfeadsessed solar
projects may be used in Puerto Rico but there are no such progratse today. The
establishment of said programs depends on the socio-economic philosophsiony of
elected officials. In a market-driven philosophy the PACE progi@donsot thrive. Wheeling
(where electricity is sold from an independent generator tstomer over the transmission,
or distribution, system of a third) is not available either.

Approximately 65% of residential roofs can provide the totaitetal energy, not
power, that was consumed in Puerto Rico in 2006, the year with theshiglectricity
consumption (see Figure 1.4). The highly distributed nature of thiaattee, with hundreds
of thousands of potential energy generators, poses integration and inésteam challenges
of these systems. Nonetheless, the energy generation pagestaignificant that even 10%
of the households can provide close to 20% of the overall energy demand (2006 demand).

UPRM researchers strongly believe that rooftop photovoltaiergéan to be the
least environmentally intrusive, and the one with minimum possibilitysadial and
community conflicts during deployment, among the renewable energyunmces and
technologies considered in Puerto Rico. Photovoltaic panels instaliebfs are virtually
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non-visible and the noise level of auxiliary equipment, such as therdam DC/AC
converter, is negligible.

What are the actual savings potential from a rooftop PV syistétuerto Rico? The
following example is illustrative. First consider a residentastomer which decides to
supply approximately 500 kWh per month from a rooftop PV system. Téysammay not
be the customer’s full electricity consumption. For a standard 30rdagsh, the customer
needs to generate 16.7 kWh per day [(500 kwWh/month)/(30 days/month) = 16.7 kWh/day].
Let us further assume that this customer resides in a zonel sittar peak hours per day.
This results in a 4 kW system, [(16.7 (kWh/day)/(4 h/day) = 4.2 kKW, let us say 4 kW].

The 4 kW will cost $16,000 at 4 $/W. The monthly 500 kWh cost $135 @ $0.27/kWh
(from the local utility) and cost $75 @ $0.15/kWh (from the PVesy$t A loan with $3,000
down payment and $13,000 to be financed at 5.25%, 15 year, will pay $104.5 per month,
resulting in savings of $30.5 per month. This is with no incentives. Faonanercial
customer the savings are greater. Let us assume the comincestomer decides to supply
approximately 6,000 kWh per month from a rooftop PV system. Again, thisomamay not
be the customer’s full electricity consumption. For a standard 30rdaggh, the customer
needs to generate 200 kWh per day [(6,000 kWh/month)/(30 days/month) = 200 kwWh/day].
In a zone with 4 solar peak hours per day the required PV systeoh % kW,
[(200(kWh/day)/(4 h/day) = 50 kW]. The 50 kW will cost $150,000 at 3 $/W (ec@msoai
scale apply). The monthly 6,000 kWh cost $1,800 @ $0.30/kWh (from the locsl, ukie
commercial rate is more expensive than the residential aatk)cost $660 @ $0.11/kWh
(from the PV system). A loan with 10% down payment and $135,000 to be fihabce
5.25%, 15 year, will pay $1,085.23 per month, resulting in savings of $714.77 per month.
This is with no incentives.

Table 3.8 shows the economic benefit of installing PV systems in 25% and 50% of
residential rooftops in Puerto Rico. Besides the impact to the local economy dhigec
installations ($7.5 to $16.4 billion for a range between 2,000 to 4,375 MW), there is a large
social benefit represented by decreased emissions. For example, betweel645tiillions
of tons of C3 would be avoided each year. Average dollar value of that range would depend
on valuation of the emissions. Table 3.8 shows values using a range of $1.4 to $6.5 per ton of
CCO?. Adding other emissions would increase the social benefit besides benefits taltine he
of persons leaving nearby power plants which would generate less poweo$sihiifels.

Table 3.8: Estimate of economic benefit from PV systems

kWh from PV | Emissions displaced| High Low
(tons of CO?) estimate | estimate
per year | per year

25% of residential rooftops 8x1C° kWh 7,531,840 $45.6M| $10.5M

50% of residential rooftops | 17.5 x16 kWh 16,476,841.48 $99.7M  $23.1M
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Social Impact of Solar PV Financing Mechanisms

As distributed generation increases its participation in tlaad& electric grid, the
decision making process regarding the generation of electrigitybgv shifted from the
centralized electric power utility to a group of stakeholders: nsonities, third party
cooperatives, local authorities and also the utility. Thereforeedbeomic and social impact
of such transformation must be addressed in order to have a broagestanding, which
will be essential for the planning stage.

The following discussion identifies the social benefits and possitde/backs of
integrating a significant number of solar photovoltaic (PV) systéen Puerto Rico. Two
main topics are addressed: the access of renewable enewgynbyable communities and
siting considerations.

Vulnerable Communities

In California, a pilot program named “Solar for all” was impletee with the
purpose of integrating vulnerable communities into the solar PV malkeonsists of three
main objectives:

1. Build 375 MW of solar project specifically in disadvantaged communtiiieough
on-site distributed generation (DG).

2. Provide opportunities to building owners to be energy producers througédairFe
Tariff (FIT)

3. Create local employment opportunities through a local hire clause.

The program aims at low-income households in California. Ikpeeed that this
implementation will transform the local economy by creating pabs, helping to boost
economic opportunity and broader prosperity. A similar approach shoulonsalered in
Puerto Rico.

Siting Considerations

The siting and distributed benefits of solar PV distributed generaioa discussed by
the Center for Energy and Environmental Policy (2012). Among thenstats made by the
author, the following were the most relevant to the scope of theoPRexd Rooftop Solar
Challenge project:

» Solar PV installations, when placed on existing rooftops, use minimal land space.

» Distributed PV generation reduces substantially the line losses.

» Distributed PV generation offsets peak demand.

» Solar PV installations tend to be less vulnerable to physical disastersnequip
failure, potential human error, or deliberate external actions.

* Power outages could be reduced.
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Best Practices Applied to Local Utilities

DOE-sponsored webinars also served as sources of best madcdtespecial
relevance to Puerto Rico was the webinar “Ask the Utility:orkdhg with your Local
Municipality Utility”.

The webinar presented two programs from two municipal utilities hase helped
increase solar PV systems MW installations. Electrilitia§ of this type are non-profit,
government-owned utilities that serve approximately 15% of U.Somass. There are
more than 2 thousand municipal utilities across the U.S. Theseparated by a local
government and are directly accountable to local officials tleaelected or appointed. The
two municipal utilities mentioned in the webinar were the SaleiRProject and Austin
Energy. In Puerto Rico, PREPA is a municipal utility or public powempany
(http://www.publicpower.org).

The Salt River Project (SRP) utility was established in 19@Ris currently the third
largest public power utility in the nation, serving about 940,000 customessf 2013 the
SRP board approved to offer a Distributed Solar Option to schookttisggovernmental and
nonprofit entities on a pilot basis. One of its major projecthesCommunity Solar for
Schools. This method is a good alternative for installing syatems in rooftops. The
schools can purchase a portion of the energy output of a 20 MW PV mpldrg Southeast
Valley area. The advantages for the school are:

* No up-front investment

» Fixed price for 10 years

* No maintenance or repair expenses
e Solar energy educational materials

This initiative sells electricity for schools at $0.099/kWh and 7\8 Mere subscribed
as of early 2013. SRP is also working a similar initiative Hosinesses and residential
customers. Businesses have the same benefits and same techeas except that they
have to sign a 3-year commitment (schools have a 2-year commjitmdresidential
customers have a 5-year term, which they may cancel anytintk,pay a rate of
$0.1125/kwWh.

Perhaps this is not ideal for the Rooftop Solar Challenge ingiabut some of it could
be taken into consideration. One way may be to let government agemdiR generate
more electricity than their demand, and since PREPA is goverrowardd, this policy
might be aligned and coordinated with other policies that pursualdégesadence on fossil
fuels from the Government, participation in the PV market of individwstomers or
policies in support of reducing G@missions.
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Austin Energy (AE) also has its own projects and plans to have 20@M\dlar energy
by 2020. As of 2013 AE has a total of 8.5 MW of distributed solar envenggh is divided
as follows:

* Residential: 6.4 MW, which has a current rebate of $2/Watt
 Commercial: 1.36 MW, with a Performance Based Incentive of $0.14/kWh
* Installation on Municipal Buildings: 0.627MW

» Solar for School Demonstration Projects: 0.118 MW

The 2 programs that they are currently working on to reach this 2020 goal are: Equipment
Leases that Qualify for Performance Based Incentives @&lI)Community Solar. The first
one is only for charitable organizations, government entities, and sdistridts. Other PV
leases for commercial customers are not eligible for thepR®@jram. The other program,
Community Solar, is called the Solar Choice Program which has the followingivdgect

* Provide 10 MW towards AE’s 2020 solar goal

* Provide solar options for homeowners that are ineligible to partcipathe rebate
program and have difficulties installing rooftop PV systems.

* Renters

With this program AE owns, operates and maintains the projects. &otine possible
projects for this program include retrofitting municipal buildings, intéggaPV systems into
new municipal constructions, cover parking at city properties, and grounmhted PV
systems at locations like landfills. With this program Apeants to have 2000 subscribers,
which add up the 10 MW goal.

There are 2 options for this program. In the first one, shown uré-ig 4, the customer
buys blocks (1 block=1kW) from the utility. The customer pays a Intpifee for 10 years
and after that they pay a lower fee in order to cover for meant=. The disadvantages of
this program is that the cost benefit structure is diffiaulirnderstand, consumption analysis
must be considered, federal tax credits are not available, angsteengperformance varies
with weather conditions. In the second option (Figure 3.5) the Solar eCfe®cremains
fixed for 20 years and it is applied to 100% of the consumption. In exddhe customer
does not need to qualify for credit application, the locked in rate hectags over time, and
it has a proven cost structure. The only disadvantages for this optidhad the system
cannot be resold on a secondary market, the customer must sign u@®O%r of
consumption, and the customer may not have a feel of true ownership.

Despite the disadvantages in either program it is clearbtbtat utilities are trying their
best to reduce C£emissions and move to solar. There will always be many eliffedeas
on how to implement solar in communities, depending on their location l@sal
circumstances. With this in mind these programs can still inedel for future projects or
programs in Puerto Rico.
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Information of the webinaiCampbell, Becky, et al., et al‘Ask the Utility Webinar:
Working with your Local Municipal Utility’lCLEI Local Governments for Sustainability
USA.[Online] November 16, 2012. http://www.icleiusa.org/action-center/learn-from-
others/ask-the-utility-working-with-your-local-municipal-utility

SolarChoice™ Option 1-Solar Investment Club J

Subscribers purchase
virtual KW blocks

»
>

RECs retired by AE on
customers behalf
SolarChoice™ + Solar Choice™
Subscribers Value of pro-rata share of PV Project Pool
solar energy applied to
subscriber bills using virtual
solar metering and the
Residential Solar Rate

Electricity
Utility Grid

Figure 3.4: Solar Choice Option 1 from Austin Energy

SolarChoice™ Option 2

Subscribers purchase 100% consumption

SolarChoice™ R‘ECS retired by AE on customers behalf Solar Choice™

Subsoribers Premium fee is locked in long term, P¥ Rrujees Foel

replacing Power Supply Adjustment fee

Electricity
Utility Grid

<
<«

Figure 3.5: Solar Choice Option 2 from Austin Energy
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Conclusions for Chapter 3

The best practices described in this chapter must be carefully studied and could be
adapted in Puerto Rico. This requires a close collaboration among PREAA, PREPA,
financial institutions and consumer groups, so that the financing programsséstabiuly
meet the needs and help in facing the challenges of PV deployment. A firezhaational
module was developed to help in this collaborative discussion effort, and is presented in
Appendix I.
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CHAPTER 4
PLANNING AND ZONING

Solar Right Statutes and Ordinances

Best practices regarding planning and zoning standards were devedofostet a
favorable environment for PV siting. Solar access is the avéyalof (or access to)
unobstructed, direct sunlight. A property with access to sunlight meaes/es sunlight
across property lines without obstruction from landscaping or stescftom a neighboring
property. This is a key issue in PV systems since eldgtjicoduction is considerably
reduced by sunlight obstructions. Besides manmade obstructions tghsumditural
phenomena such as clouds and weather also present challengesnptirtant to identify
and understand actual or potential obstructions to solar accesalitelie address them. It
is very important to point out that even though many solutions to thisepndihve worked
in many other jurisdictions and/or cities, that does not mean thatwhlework in other
contexts such as Puerto Rico’s. Nevertheless, experience semhelre can be beneficial in
dealing with local solar access issues. It is important to eealiie many ordinances,
easements, and laws that many states, cities, and jurisdibt@esmplemented so that the
ones that fit best for Puerto Rico can be implemented. Befergioning examples and
places where these have worked it is important to first know what and why teey exi

Solar right statutes and ordinances protect the rights of properigrevio install
solar energy systems. Cities and counties are authorized tocaidmy@inces for a variety of
purposes. This typically includes the authority to prepare and erdoroprehensive plans,
zoning regulations and building codes and to adopt ordinances and resolutiessang for
the exercise of its powers.

Muller and the Solar Powering Your Community report provide some
recommendations and tips regarding ordinances providing for the spemiait process of
the local government granting easements, which can address the following:

 What constitutes an impermissible interference with the rightitect sunlight
granted by a solar access permit and how to regulate growin¢pttegethat may
interfere with such right.

» Standards for the issuance of solar access permits, balancingetth®f solar energy
systems for direct sunlight with the right of neighboring propesyners to the
reasonable use of their property within other zoning restrictions.

* A process for issuance of solar access permits including, but mdedi to,
notification of affected neighboring property owners, opportunity farihg, appeal
process of such permits on burdened and benefited property deeds.

* Revise local ordinances that pose unintended obstacles.
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» Enforcement mechanisms, such as fees levied on parties who taaerms of an
easement.

* Require written solar easement agreements that adhere tontkeerseording and
indexing requirements as those for other property interests.

» Conduct outreach and make an information available to educate reshiesit®ss,
and homeowner’s associations about solar access and solar rights.

Solar Easements

Solar easements are legal agreements that protect access to sunlighrean a g
property and can typically be transferred with the property title and do noh&teminless
specified by the easement’s conditions. They are necessary since UtShawva held that
there is no common law right to sunlight. These are typically voluntary which nineris t
does not have any guarantees of an agreement with the neighbor. They requopehy
owner to be aware of the importance and availability of an easement, and have tecdim
money to work with a lawyer, neighbors, and the local government to develop and record the
easement. Other limitations and advantages related to solar easements @iia Jiae
4.1.

Table 4.1: Limitation and Advantages of Solar Easements

Limitations Advantages

Neighbors have comparative advantage| 8implest and least cost to administer.
negotiations.

Easily shaped to fit individual site
May need to negotiate with multiple neighborstequirements.

May add a “fuel cost” to solar collector systemMay protect from tree shading.
Transaction costs often high.

Potential windfall to “burdened” landowner.

Easement not always recorded by county land
office.

Ineffective in protecting areas for future
installation of solar systems.

Although these agreements are voluntary the local government lpaoréate more
proactive solar easement processes such as a solar accesstpgrtare, which in turn may
help alleviate some limitations that easements face. Theglsa set forth a degree of solar
access protection by specifying certain setbacks in zonidigaorces (e.g., buildings are
constructed far enough apart so that they would be unlikely to dstde on neighboring
roofs). A best practice that has been implemented in Bouldern@®@shland, Oregon is a
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solar access permit scheme that involves granting easemeriiakang the solar permitting
process to a process of creating a solar easement.

Another approach that may be used is to have a registratiorsprobech allows the
solar owner to register its solar system with the local gowent, essentially putting their
neighbors on notice that their solar system is in place. This ea@ot/pe of solar easement
on the neighbor.

Solar Right Laws

Solar Laws provide protection for residential and businesses rbiinky or
prohibiting private restrictions (e.g., neighborhood covenants and fyylaeal government
ordinances and building codes) on the installation of solar energy systems.

These legal provisions have been implemented in many states esaticjions, as
mentioned before. In “Solar Powering Your Community” the readarread about states
that have implemented these legal provisions. A total of 38 saaigshe USVI have
implemented laws, statues, and/or ordinances. When implementingeating legal
provisions it is important to know that in some occasions these hate lieghl actions and
installation delays due to vague or absent provisions in them.theAtsame time it is
important to revise local ordinances and zoning codes since theynadwertently restrict
installation of solar energy systems.

Each of these legal provisions is important to ensure solar acEast of them has
an implementation strategy. In general, Solar Laws are implechén order to ensure that
no ordinance or statute prohibit the installation of solar systerhs ig due to the fact that
many ordinances address aesthetics which in turn may obstrucisthiation of a solar
system. But, at the same time ordinances and statutes megabsdoor amended in order to
ensure solar access. If none of these are available in angartsdiction or state, one may
turn to a solar easement. In the following section examples sé taes and ordinances are
presented.

Examples of Solar Access Laws, Ordinances, Statutes, and Easement Laws

The States Advancing Solar web page presents the major sokmsdaws in California
that include:

- California’s Government Code (65850.5) provides that subdivisions may include in
their plans solar easements applicable to all plots within the subdivision.

« The Solar Shade Control Act encourages the use of trees anchatheal shading
except in cases where the shading may interfere with thefusetive and passive
solar systems. This act prohibits shading of solar collectorsréisalt from tree
growth occurring after a solar collector is installed. #ted that no plant may be
placed or allowed to grown such that it shades a collector morel@a from 10 am
to 2 pm. It does not apply to plants already in place or replaceshetdnts that die
after the installation of the solar collectors. It does reghiaé trees already in place,
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but not yet obstructing the Sun, to be trimmed and maintained so tlatddheot
impact the system in the future. A city or county may adopt amamde exempting
its jurisdiction from the provisions of the act. Alternatively, saritees have passed
ordinances that are more favorable to solar. In some cases,etipayer existing
vegetation to be cleared to allow good solar access in at teastssiitable place on a

property.

- The Solar Rights Act (civil code section 714) prohibits local gawemts from
restricting the installation of a solar energy systems basedesthetics. It is the
intent of this law that “local agencies not adopt ordinances thatecunreasonable
barriers to the installation of solar energy systems, includnog,not limited to,
design review for aesthetic purposes.” Local authoritie sparove applications
through permit issuance and can only restrict solar installatisedb@n health and
safety reasons. The Act is intended to encourage installatyoresrioving obstacles
and minimizing permitting costs. Additional key provisions limittaesc solar
restrictions to those that cost less than $2,000 and limit a buildiogabds review of
solar installations to only those items that relate to speti@alth and safety
requirements or local, state and federal law.

« The Solar Rights Act of 1978 (civil code section 714) provides that homeowne
associations must not place unreasonable restrictions on homeowsansgwio
install solar energy systems.

« The Solar Easement Law (civil code sections 801 & 801.5) provdesgportunity
to protect future solar access via a negotiated easement wgtiboeng property
owners.

Kettles mentions many examples of Solar Access Laws and Ordinancdsrnendistates
and cities. He mentions the following:

City of Gainesville, Florida

* Allows the removal of regulated (i.e., protected) trees, wherng \ilié prevent the
installation of solar energy equipment.

State of Hawaii

* Provides a very comprehensive list of instruments that aretedfeovenant,
declaration, bylaws, restriction, deed, lease, term, provision, condé&dufition,
contract, or similar binding agreement) declaring that no petsdhtee prevented by
anyone from installing a solar energy device on any singleyaesidential dwelling
or townhouse that the person owns, making any provision in any lessament, or
contract contrary to the intent of the law void and unenforceable.

» Also provides that every private entity (meaning community agson) adopt rules
for the placement of solar collectors: “The rules shall tatdithe placement of solar
energy devices and shall not unduly or unreasonably restrict tltaihpdat so as to
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render the device more than twenty-five percent less efficiettt imcrease the cost
of the device by more than fifteen percent.”

Spells out the relative risks and responsibilities, when instaliolgr energy
equipment on common property.

State of Massachusetts

Provides for, among other things, a solar easement as well as a solar atoiss pe
Voids restrictions against use of solar energy.

Provides for solar access guidelines in subdivision regulation.

Also provides for solar access in zoning ordinances, including theatiegulof
planting and trimming of vegetation on public property to protect saeess on
public and private solar energy systems.

State of New Jersey

While the law against deed restrictions that prohibit solarggnierfairly typical, it
provides for enforcement of the law by the state’s Departme@oofmunity Affairs,
which aims to avoid the need for expensive litigation.

State of New Mexico

Provides that a homeowner can record ownership of a solar energy sysd allows
the owner to establish a solar easement: “A solar right may be claimed byanaiw
real property upon which a solar collector...has been placed. Once viesteaight
shall be enforceable against any person who constructs or plamsidtuct any
structure, in violation of the terms of the Solar Rights Act orSbkr Recordation
Act (A solar right shall be considered an easement appurtenant, and a suitd¢e anf
solar right may be brought at law or in equity)”.

City of Ashland, Oregon

Establishes a procedure for a obtaining a solar access pefpnittect a solar energy
system from vegetation that would shade the collector.

Provides for recording the easement.

This detailed ordinance provides a level of protection that a volurdtay easement
does not. The procedures for obtaining the permit are comprehensiveotedd fire
interests of all parties involved.

Virgin Islands

Provides that deed restrictions (and other instruments) that prdiebiise of solar

and wind energy are void and unenforceable.

Also provides for a greater height restriction for solar and wivetgy devices and
provides for the dedication of solar easements as a condition of subdivision approval.
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State of Wisconsin

* Provides local governments with the authority to enact an ordinancsgtire the
trimming of vegetation that blocks solar energy equipment.
» Also, provides that restriction against the use of solar or wind energy are void.

Zoning Considerations for a Future Solar PV Generation Scenario in Pueriod?

The development of new financing mechanisms, interconnection staatardsline
permitting applications may result in an evolution of the renewaidegg sector in Puerto
Rico. Space availability is a strong constraint for solar $§8tems as mentioned in
Salasovich (2011). In this publication, NREL conclud€the feasibility of PV systems
installed on landfills is highly impacted by the available area for an arsajar resource,
operating status, landfill cap status, distance to transmission lines, arahcksto major
roads.”

As a result, promoting the installation of solar PV systems henrooftops of
residential and commercial buildings reduce these constrainttheFfuaore, from a technical
perspective, the spatial distribution of solar PV systems thramglarea diminishes the
fluctuations caused by the variability of the solar resource as shown e Bigu Moreover,

a study published by Perez et al., concluded that the power outag@ed¢hated on August

14, 2003 in US and Canada could have been prevented with dispersed PV aenerati
available at the moment. Therefore, the reliability of théesyscould improve with a solar-
based generation power system.

1-Minute Solar Radiation Variability in Puerto Rico (One Year)

I I I I I I I I I

= 1-Site (West side of the island)
4-Sites (Spatially distributed)

Normalized Solar Radiation:
1-Minute Variations (% of Maximum)

-100 | | | | | | | | | |
0 05 1 15 2 25 3 35 4 45 5

Time (Minutes) x10°

Figure 4.1: Effect of Spatially Distributing Solar PV Systems in PR

As the solar PV market grows as expected in Puerto Rico,te@wical and non-
technical issues will develop from a planning perspective. Ttasde grouped into two
main topics: zoning considerations, including architectural issuescarstraction/structural
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standards and secondly, siting considerations, which include techrotaisfguch as the
operational effects that distributed generation (DG) of solarsi®&fems can create on a
power system. Both topics will be presented in this chapterangthong emphasis in Puerto
Rico.

First, a review of solar siting ordinances in the US and PR hdlldescribed.
Secondly, some aspects of the architecture and structural corttatpiaust be taken into
account when considering a solar siting ordinance will be discussed.

Solar Siting Ordinances in the U.S.

A review of the most relevant solar siting ordinances in thecbl$ be found in
Clackamas County (2005). Most of them focus on new developments ofntedidad
commercial buildings. Although they do not specify a strict reguiatthey do set a
minimum percentage of houses that will have an east-west omentat\ description of
several solar siting ordinances in the US are mentioned andyhdisttussed. Also, an
example of a current ordinance can be found in Minnesota (2013).

1. Clackamas (Oregon), 201Zoning and Development Ordinanc8ection 1017.
Solar Access Ordinance for New Development.

Summary of key points: Solar access ordinance for new develogpmBitides the
land with the purpose of maximizing solar access to residenithlcammercial
structures.

2. Dixon (California), 2011.Zoning Ordinance Section 12.19.21. Single Family
Residential and Secondary Living Units Design Standards. Section 18&gyEand
Water Conservation Regulations.

Summary of key points: A single family dwelling should be desigmetioriented on
the lot to enhance its energy conservation features, including botkiepassi active
solar systems.

3. Laramie (Wyoming), 2011Unified Development Cod€hapter 15.14, Development
Standards; Section 15.14.030.A, Solar Energy; Part 3, Solar OrientedClhatster
15.28, Definitions.

Summary of key points: Solar energy collectors, storage tankscamoieent, roof
ponds, or other solar equipment appurtenant to a solar energy sysyeexcaad by
three feethe maximum height limits established by this code.

4. Oakridge (Oregon), 201Zoning CodeArticle 15, Sub-districts; Section 15.04(8),
Planned Unit Development Sub-district.

5. San Luis Obispo (California), 201Municipal CodeTitle 16. Subdivisions; Chapter
16.18, General Subdivision Design Standards; Section 16.18.160, Energy
Conservation. Seattle, Wash.: Code Publishing Company, Inc.
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Summary of key points: A very specific ordinance was found. pédicifes that
shadow patterns for shading structures such as buildings andeteesn the hours
of 9:30 and 2:30pm must be submitted to the City Administrator.

6. Santa Clara (California), 201County CodeDivision C12, Subdivisions and Land
Development; Article IV, Requirements; Part 9, Solar Access Sabdivision
Development. Tallahassee, Fla.: Municipal Code Corporation.

Summary of key points: It includes a specific ordinance for sunhghess. “The
provision of direct sunlight to a south wall and/or south roof of a prinsipatture
from 9:00 a.m. to 3:00 p.m. Pacific Standard Time on December 2lieuiffior the
effective use of a solar energy system.”

Solar Siting & Access Ordinances in Puerto Rico

Dr. Ana J. Navarro, a collaborating partner of UPRM researah¢ine® DOE project,
summarized parts of several laws related to sunlight aceeBserto Rico. Dr. Navarro
participated in the September 2012 focus group, and shared this impatanamA review
of these laws is presented below.

§ 1701. Object Legal Easements

Easements imposed by law. It concerns the public and individual interests.
History: - Civil Code, 1930, art. 485.

§ 1702. Laws governing public utility easements

Everything concerning easements established for public or communahak be governed
by special laws and regulations.

History: - Civil Code, 1930, art. 486.
§ 1703. Laws governing easements on private interest

Easements imposed by law in the interest of individuals, or forqyireasons, are governed
by the provisions of this part, subjected to the provisions of the fagslations and local
ordinances.

These easements may be modified by an agreement of stakeholders.
History: - Civil Code, 1930, art. 487.
§ 1773. Windows and balconies

A homeowner cannot open a window with a direct view, balcony or otindasprojections
on the neighbor's property... Neither can be side or oblique views omrtie [moperty, if
the distance is sixty (60) inches away.

60



Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

History: - Civil Code, 1930, art. 518, June 16, 1953, No. 90, p. 315, sec. 1, eff. 9%&fteays
June 16, 1953.

§ 1775. Buildings separated by public streets

The provisions of sec. 1773 of this title do not apply to buildings separated by a public road.
History: - Civil Code, 1930, art. 520.

8§ 1776. Distance that can build when purchased right

When any title with the right to have direct views, balconigsagrwindows on the adjacent
property, the owner of the current estate cannot build less than tteessragvay, taking the
measure as described in the sec. 1774 of this title.

History: - Civil Code, 1930, art. 521, June 16, 1953, No. 90, p. 315, sec. 1, eff. 9%&fteays
June 16, 1953.

§ 1803. Trees

Trees may not be planted near a property of a neighbor unless & distance authorized by
the ordinance.

History: - Civil Code, 1930, art. 527.
§ 1804. Branches and tree roots

If the branches of some trees go over the property, gardendofyaeighbors, the owner
can cut the parts that extend over the property. If the roots dfyngaes percolate in the
soil of another, the owner of the land may cut the tree into his property.

History: - Civil Code, 1930, art. 528.
§ 1805. Special Trees

Existing trees in a hedgerow mediator are also presumed meg@iatbany owner has the
right to demand its demolition. Except trees that serve akkemsa which cannot be trimmed
unless there is an agreement between the neighbors.

History: - Civil Code, 1930, art. 529.
Architectural Integration

The Spanish Industry of Energy has published a guide for solar Pnsys
installations in residential and commercial buildings. It inclulesmprehensive discussion
of the architectural and structural considerations for an optimurgrdesi their publication,
they discuss the advantages and disadvantages of the three maioftgpkes PV system
installations in the world. These designs are shown in Figure 4.2.
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Figure 4.2: Common examples of photovoltaic integration applications.

Inclined Surfaces (First diagram of Figure 4.2)

Covers or pitched roofs are a very constructive solution to faeiMater drainage.
This slope, always oriented at an angle to the south, can be used to design a PV system

Flat Surfaces (Second diagram of Figure 4.2)

Flat roofs with minimum slope are also a very common. The photavoftadules
are lifted by the structure, normally between 20 ° and 30°, to achmrev@mum energy
production. Maintenance is minimal.

Solar Energy Zones

In the path to reducing G@missions the U.S. has designated 285,000 acres of public
land for solar development in Arizona, California, Colorado, Nevada, Newchleand
Utah. The Department of the Interior has divided this area moté&s for utility-scale solar
energy projects that combining all resources may total around 32,000 MWmportant
aspect of these new zones is that they are supposed to siemglifypeed up the approval
process for renewable energy projects.

Besides designating these public lands, the document also ex@@deillion acres
of federal land as being inappropriate for development and anotharnilliéh acres as
“variance” areas where the government would continue to decidepsojacts case by case.
The document responsible for assigning these zones is the culmioétiwvo years of
dialogue between regulators, environmentalists, industry advocates and theplaige.

These zones are specifically for utility-scale projects buthomgt pay attention to the
efforts and collaborations among different groups in order to addwesgone’s concerns.
This should be even simpler here in Puerto Rico, since there is onlytiibheand the
existing will to move towards solar energy.
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Solar Ready Building Design and Orientation

This section is an overview of guidelines that may address spsdii planning,
building form, space planning, and roofing issues to be considered oesign of solar
ready buildings. These guidelines were developed for the TwiesCMinnesota but should
be viewed in order to prepare similar ones for Puerto Rico. The original documeiertgs
of information for all types of solar systems but only infoliorategarding PV systems will
be mentioned.

For site planning the document recommends to consider the size am@htmnre of
the prospective building sites and the impacts of existing buildinds/egetation on solar
access. To maintain solar access in developing communitiesinagrseor easements with
neighboring property owners regarding heights of future building$aamigcaping should be
developed. It is important to know that this approach should minimizénunate the need
for additional permits or reviews.

The building’s roof is an area that should be well planned and organizedeinto
take full advantage of it. Both flat and angled roofs can accommaadée panels. In
general, 100 — 150 sq. ft. of roof area is needed for 0.8 — 1kW of solar modules and should be
arranged with solar access as a design criterion. The lochtaaid also be optimized in
order to minimize the length of the electrical feeds to therieyeelectrical meter, and for
the routing of the solar electric feed.

Another consideration is to design the location of the building ang arran area
that neighboring building and maturing trees do not cast shadows aare¢hisvhile at the
same time should be oriented in a way it receives the maxiexposure to the sun (as
suggested in NREL'Solar Ready Buildings Planning GujdeNot all shading is the same,
the time of day and the time of year can have a great impasblan shading. The area
should be free of obstructions, anything that may shade the area beomlstalled in the
northern part of the roof, and its blueprints should provide speatiiafor leaving the area
open and unshaded. This area should be maximized in order to provideitjeail ease
of installation.

Finally the structure of the building should withstand the weightefarrays and
should account for the additional load wind can cause to the systemmalmging system
of the arrays, in the case of flat roofs (most in Puerto Rioay, avoid roof penetrations,
making pre-installed mounts irrelevant. There are also prothattsan be integrated on the
roof structure, such as solar shingles, which may be desirabégtaan buildings such as on
historic properties.

As 2013 California requires new buildings, residential and comaigtoi be solar
ready opening the possibility for many more buildings to run onr satal helping
California’s solar industry. Besides applying to new buildingsstaadards would also be
in force for major renovations and additions to existing buildings.co/ling to the
California Commission estimates these standards will redewergy demand for
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homeowners 25%, commercial buildings 30%, and low rise multifaluiildings 14%. It
will also eliminate the need for six, 500 megawatt from new natural gas ptanes.

Preferred PV Zones

UPRM originally proposed to DOE: “A strategy to be studiedegtablishing
preferred PV zones, where massive deployment of small Piénsyscan occur in ideal
located, vulnerable or financially challenged communities. Thisogiep@Ent will require a
creative combination of financing, third party ownership and educatiorder ¢@ improve
the quality of life of the residents while supporting economicvidigtand Puerto Rico’s
incipient PV industry.” In Puerto Rico, the total number of individuaidential units is
approximately 1,181,112, and the total number of industrial establishisecitsse to 46,
348. Also, in 2003, there was a total of 1,552 public schools and 562 profedels
Therefore, approximately more than 1.3 million of rooftops are lablai for solar
photovoltaic (PV) systems installations (government, universitied pgrivately own
buildings were not considered). As a result, solar PV systembecaeployed all over the
island.

In Puerto Rico there is a sample of Preferred PV Zone esiadliin Culebra and
Vieques for the Green Energy Fund purposes. The Dollars perlidated for proposed PV
system is higher than the rest of the island. The idea of prdfeones was suggested by Mr.
Gerardo Cosme, PE a long-time PV installer and energyriéad®@uerto Rico. Mr. Cosme
collaborated with UPRM in the DOE Rooftop project since the padmiage. He suggested
during a November 2012 planning and zoning focus group meeting the followingganki
system to determine best PV suitable locations:

Energy high demand occurs during daytime hours
Utility infrastructure is robust

Solar radiation resource is best

Suitable roof space availability is high

Expected of stable or growing load profile

O 0O 0O 0 0 O

Chances or plans to change surrounding buildings heights are low or not expected for
long time period

Economically —strained communities
Low small business density
Entities that are high consumers (schools, hospitals, government offices, etc)

O 0O 0O O

Entities that has low or no revenues to pay electricity (public schools, government
offices, etc.)

Several of these criteria are analyzed in the following sub-sections.
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Energy High Demand Occurs During Daytime Hours

The electrical power system of Puerto Rico consists of appabeiyn5,839 MW of
generation capacity. Typically, the aggregated electriddynand (including residential,
commercial and industrial customers) peaks twice a day, at 12:80dnat 8:00pm. As a
stochastic process itself, electricity demand createsigtramp events during the day, as
shown in Figure 4.4.

Aggregated Electricity Demand in
PR
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Figure 4.4: Aggregated Electricity Demand in Puerto Rico (Data provid®REPA; 2011)

Utility Infrastructure is Robust

The robustness of a utility infrastructure can be determinedemergl terms, by
guantifying the ability of the electric grid to support projdcend unexpected variations.
Figure 4.5 and 4.6 show a comparison between Ramp Up and Ramp Downteclsdics of
the actual generation and at different percentages of solar PV imdegrat

From the figures, a maximum of 30% of solar PV installed ¢gpét,200MW)
produces 200-300MW hourly changes. As the black curve (no PV) shHogsvpetcentage
still falls behind PREPA’s current ramp requirements.

Solar Radiation Resource is Best

Puerto Rico receives enough solar radiation to supply approximétbip bf the
energy consumed in the island. In Irizarry (2009) several conclusigiasding the solar
resource of the island were presented. One of these is the following quote:

“The least intrusive renewable energy resource technology conside@a study is solar
photovoltaic. Contrary to other countries were photovoltaic farms are corsider Puerto
Rico photovoltaic roofs were the main focus of the study. We haveedellist approach
based on Puerto Rico’s high population density and historic single family housing trends”
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A solar radiation map was developed for Puerto Rico (Figure 1Ghapter 1).
Although the map is a first attempt and can be improved, it is goit®us that Puerto Rico
has an excellent solar resource, the south coast of the island having the best radia
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Figure 4.5: Ramp Down Hourly Load Following Requirements as a function afléasPV
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Figure 4.6: Ramp Up Hourly Load Following Requirements as a function ofiéaisi/

Capacity

Suitable Roof Space Availability is High

In Deck (2005) the most common types of roofing systems in mad@struction were
discussed. However, the greatest concern for rooftop solar PAhsysd the obstacle that
trees around the house can create. In Junta de Planificacion (1@@¢ af the required
area that must be covered by trees is presented. Table 4.2 shewesnaof the percentage

of area by zoning type.
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Table 4.2: Percentage of Trees Cover

Zone Percentage Covered
Residential (Low Density) 25%
Residential (Medium Density) 20%
Residential (High Density) 20%
Commercial (Office) 20%
Commercial (General) 15%
Industrial 20%
Commercial (Urban Zone) 10%
Institutions 25%
Touristic (Urban Zone) 20%
Touristic (Rural Zone) 30%

A Favorable Environment for PV Siting.

In order to develop best practices regarding planning and zonmipstis that would
create a favorable environment for PV siting in Puerto Rico, an stadeding of the
geography and area classification of the island is required. edver, estimating the
seasonal trajectory of the sun on an hourly basis will be keyhéodevelopment of a local
solar right law. This section includes a general description of such considerations.

Puerto Rico, located in the Caribbean, is a 3,515 square miles (ajgmdximately
100 miles E-W and 35 N-S) with a tropical climate with a neadgstant solar radiation
throughout the entire year. Geographically, it consists of cantrahtains, hills, mountain
sides, and low areas within the mountains. Typically, the land u$e a$land is classified
into three main groups: rural, urban and suburban.

Most urban and suburban areas are located all over acrossatick ishs a result,
massive developments of solar PV communities can be achieved idented and
commercial rooftops. However, the effect of shading around the propaaed@mmunities
must be evaluated, as it provides a better estimation of theyBtém’s performance and
subsequently, preferable zones. Moreover, it can be used to determimeim distances,
maximum heights and orientation angles for the development of aslolealright act. The
following section includes a general description of key solar geometmcepts.
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Subsequently, a solar path chart for Puerto Rico will be shown. lyiaal example of
shading requirements will be proposed.

Solar Radiation

The solar radiation can be defined as the radiant power emittiedtfre Sun that
spreads out in a surface perpendicular to the direction of propagétie World Radiation
Center states that the maximum theoretical solar radiattengity at the outer surface of the
earth’s atmosphere is 1,367 W/m?, and it is normally refer to as the solar c@dstant

The intensity of solar radiation available at the earth suifaoginly influenced by
five factors: weather, landscape, time of the day, geographitidncand season. The
seasonal variation of the solar radiation is a direct resulteoEarth’s elliptical orbit. Sites
located close to the Northern hemisphere are exposed to strorayerasidition during the
summer as the surface is facing the sun directly. The oppofett t&fkes place during the
winter. Figure 4.7 shows the diurnal and seasonal variations obldreradiation for sites
located in the northern hemisphere.

From a fixed reference point at the earth’s surface, theatlomé a different diurnal
path through the year. During the summer, the time differerteeebe sunrise and sunset is
greater than during the winter, as a result of longer expositissoler radiation. The
opposite is true through the winter, as less exposition to sad@ation results in shorter
periods of sunlight.

EN

March
"\, October

Figure 4.7: Seasonal and Diurnal Variations of the Solar Radiation
Geometrical Considerations

Solar radiation can be divided into six main components as a resh# ofteraction
with the atmosphere. These are: beam, diffuse, scattered, absorbeeflected solar
radiation as shown in Figure 4.8. At the Earth surface, only the lamdiffuse
components are useful for electricity generation as the schttabsorbed and reflected
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components does not reaches the earth surface. The vectorial sumbeathend diffuse
components is known as the global horizontal radiation GO.

Figure 4.8: Solar Radiation Components

In order to quantify the solar radiation available at the Earsbirface, a general
understanding of the solar trajectory is necessary. The loas#titbe Sun, referenced from a
fixed object on the Earth’s surface, is determined by the attiaide R and solar azimuth as
shown in Figure 4.9. The solar altitude is defined as the angled® the horizontal plane
and the sun. It varies from 0-90 degrees.
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Figure 4.9: Solar Angles

Accordingly, the solar azimuth angle is defined as the anglesketthe projection of
the horizontal plane and the south, it is typically assumed positthe iclockwise direction.
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Horizontally, the position of the sun can be determined by the szimuth angle. The
application of these concepts will be discussed in the following section.

Sun Position Chart of Puerto Rico

In order to estimate the effect of shading objects on a sblarfy, a sun position
chart must be created for a specific location. A sun path chargriaphical representation of
the Sun’s altitude and azimuth angles over a given period of tonespgcified latitudes.
These can be used to determine the Sun’s position in the sky, @angf the year. These
are the basis for evaluating the effects of shadings on a PV array.

A sun path chart was developed for the island of Puerto Rico (18t&tiand it is
shown in Figure 4.10. Using an excel sheet downloaded from the NOAsgitesethe hourly
variation of the altitude angle, on a monthly basis, was calculated.

Daily Variation of the Solar Altitude Angle Through
the Year in Puerto Rico (Solar Path Chart)
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Figure 4.10: Solar Path Chart for Puerto Rico (At 18 degrees Latitude)

A more sophisticated sun chart can be created using the softi@aeloped by the
University of Oregon, presented in Martinuzzi (2008). Figure 4.11 shiwsvspecific sun
chart for San Juan, Puerto Rico.

As already mentioned, two types of shading/obstructing problemspipat to PV
systems exist: (13hading of a collector by objects such as buildings and trees and (2)
shading of a collector by adjacent collectors. The effect of Hwlbisg problems on the
performance and economics of solar PV systems can be quaniffiddvbloping a solar
position chart.

Shading Requirements in California

In Solmetric (2009) the impact of shadings on solar PV systen@alifiornia is
discussed. A minimal shading factor is required as shown in Figag Also, in this
publication, the “cost of shading” was approximated and it was conclirdé¢deach 10%
shading reduces solar PV production by $26/kW/yr.
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Figure 4.11: Sun Chart for San Juan, PR

In Figure 4.12 distance to closest point on the array is idehtifith D and H is the
height above the array. They define the two parameters fondeteg the minimum height
and orientation angle. A D/H ratio greater than 2 is requireds@dar PV rooftop
installations. Also, a minimum elevation anglelsftari! (H/D) is also required.The “cost of
shading” was approximated and is shown in Figure 4.13. The horizorgakpresents the
percentage of shading on the solar PV array.

The California planning and zoning considerations for the developmentlaf s
communities could be applied in Puerto Rico. Although most of the isléamtisarea is
mountainous, the majority of the urban and suburban zones are spditiljuted across
the coast, where tree shading is minimal. However, obstacles such as high $aibdildgoe
an issue when considering a massive development of solar commurAtges. result, a
minimum requirement such as the one from California must be cdaldular urban and
suburban areas in Puerto Rico. The development of solar path charts can be hsdadrigr t
term planning and zoning of solar communities in Puerto Rico.

Minimum Shading if D > 2H

Figure 4.12: Minimal Shading Factor in California (adapted from Solmetric, 2009)
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Figure 4.13: Cost of Shading in California
Construction Codes and Guidelines for PV Ready Buildings

Home designers should have in mind that a PV system could beedstathe roof
of the house they are designing and constructing. Shading istbklefywe the largest impact
on overall PV system performance. Two evaluations should be done inomeesure full
sunlight on the system. One should be done during the design phase ainétishould be
during the installation of the equipment to ensure that there are dmghssues that were
not considered. As a rule of thumb any potential shading structure dimiNdce as far
away from the PV array as its height. Many products éaisthese evaluations such as the
Solar Pathfinder, and the Solmetric SunEye.

Other issues that should go hand in hand with PV ready constsicii® the
orientation and site planning of the unit. In Puerto Rico (and the NorHemisphere) the
roof should have enough area facing south for these PV systemsoof la@ea should have
about 100 sq. ft. for each kilowatt of system capacity for ctystaiechnologies and 175 sq.
ft. for each kilowatt of thin film PV products. The orientataoes not have to be due south
(it may not be easy for a whole neighborhood to be able to have an unigostneev due
south), even at 60 degrees of due south at least 90% of energy asaldble and at 90
degrees at least 80% of the energy is still available (iedhgguous US). There is also an
advantage when facing due west for utilities, because the peak dm@umostly during the
afternoon, when the sun is facing west. With this in mind, manyneghborhoods could
be planned in coordination with PREPA to coordinate operation with the peak hours.

Windows and their orientation may also be of value when designing&d¥ units
since they may add energy efficiency to the building, and thus reglticermal load and
electricity bills due to room cooling. Many windows are desigteeghrevent heat from
passing through it, to block heat caused by sunlight, and to minaiideakage through
them. Along with window overhangs should be incorporated in ordeotade appropriate
shedding throughout the year. Since the Sun in PR does not change anglhass in the
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states the overhangs might block sunlight in winter too (which is baj problem for PR
since it is relatively warm during this time). Even though tlees@ot have a direct impact
to solar rooftop PV installation they are important to incorporatiendesign in order to
have a fully energy efficient building.

Below a list of best practices for builders and installers provided by Buildimgyiga:
Builder Best Practices

» Conduct site assessments to ensure that solar energy will not be obstructed.

» Keep solar collectors and arrays close to the roof line. Avoikplant too close to
the peak or the eaves.

» Take into account the climate and orientation in selecting windows.

* Free web-based software exists for designing overhangs. Use overhangsesighe
for protection from rain and sunlight.

» Design communities and landscaping to avoid shading solar equipment.

» Save native trees to encourage cooling while avoiding shade on solar equipment.

» Consider adding the shading analysis sun chart to the homeowner’'s manuals.

Installer Best Practices

* Conduct site evaluations of shading to ensure that communities have saat
exposure.

* Help builders assess the economics and performance of soldlatimts by using
models to analyze performance.

* Ensure unobstructed solar exposure before choosing locations or inssalarg
collectors or arrays.

* Provide copies of site assessments to builders, including sun cliagse materials
may be used for marketing or may be passed on to home purchasers.

PV Systems in Historic Sites

In many cases buildings are part of a historic district obthieling itself is historic.
Installation of these systems on these buildings may often theuldi since many
jurisdictions have regulatory limitations and strict interpretetiof historic standards which
may prevent adoption of solar technologies. To prevent this from happmslicigs should
be well articulated in order to embrace the PV systems wahtlee same time protect historic
resources.

The following list provides guidelines to follow for the installat@mnPV systems in
historic buildings and districts and is provided in “ImplementingaS&V Projects in
Historic Buildings and in Historic Districts”:

1. Locate solar panels that respect the building’s historic sitiigting the solar panel
arrays in an inconspicuous location.
2. Locate solar panels in approved new constructions.
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3. Locate solar panels on non-historic buildings and additions of historic buildings.

4. Place solar panels in areas that minimize their visibility.

5. Avoid solutions that would require or result in the removal or perntaaiteration of
historic fabric.

6. Avoid installations that would result in the permanent loss of sagmifj character-
defining features of historic resources.

7. Solar panels should be mounted no higher than a few inches above the roofing surface

and should not be visible above the roofline of a primary facade.

8. Set solar panels back from the edge.

9. Ensure that solar panels, support structures and conduits blend irgedbece. This
may be done by color matching the historic resource and minimizing reflectivity

Pilot Project for Preferred PV Zone: Paseo Gautier Benitez-Caguas, RuRito

The City of Caguas agreed to merge the preferred PV zones concept with tlegir cur
efforts to foster economic development in the historic city cenine City of Caguas,
located in the central-east part of Puerto Rico, is currenthnplg the redesign of a highly
commercial street, known as “Paseo Gautier Benitez”. Higttredity prices together with
old and inefficient buildings are among the problems faced byl loaamercial and
residential habitants. One of the objectives of the City’s Rign@iommittee is to convert
the area into a solar community. The viability of installing 1004dMr PV systems on the
rooftops located in both sides of the street was evaluated.

Methodology

A structural description of the buildings located in the commumég provided by
the Planning committee of Caguas and it is shown in Figure 4.14.

I I =7

— Uso de Parcela, Elevacion de Estructuras e Infraestructura AEE
Paseo Gautier Benitez, CUT

Figure 4.14: Building Heights (meters). Used with permission of the Citpgii&s.

74



Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

With the above information it is possible to quantify the effdfcshading on the
proposed solar PV systems. The software Meteonorm was usedefdetkelopment of
synthetic global radiation, considering the shading obstacles. eFRudhe, the System
Advisor Model (SAM) was used for the economic evaluation of the propssked PV
community. In general, the methodology can be divided into three main gregh®wn in
Figure 4.15.

Site Evaluation

For purposes of simplifying the analysis, a reference sitesefected for the shading
calculations. The tallest two buildings in the nearby communite wkentified (for shading
calculation purposes).

Shading Considerations

The topography of the site must be also considered for the shadiggignas the
solar PV system will be oriented to the south, the topographicobdstiom the East and
West directions are of great interest. A rough topographaystf Caguas was done using
Google Earth including the height of the terrain as a function tdrdie (from the East). A
horizontal view from the West side of the reference point §iatl@o buildings) was also
used and a higher topographic elevation obstacle was observed when tansiaeiVest
side (sunset hours).

e Planning sources e Horizonal and Vertical eEnergy Displaced
«Building's height Shading Obstacles « Economic Savings
«Interconnection *Highest buildings « Payback Period

availability
*Rooftops space
availability
J \.

Figure 4.15: Methodology

Development of Solar Radiation Profile in Caguas, PR

The software Meteonorm was used for the development of theradliation time
series. The software provides the option of including shading obstadles simulation.
Figure 4.16 shows the horizontal view (due south; represented by 180 degrees) of Caguas.

After running the simulation, a new solar radiation time sevies developed. From
the selected point of reference, the highest building (40 degrdésptvcause any shading
(not even during the winter, were the solar path is loweQweé¥er, there is one building
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that will create partial shading during the summer. The esbuttonthly variation of the
global solar radiation in Caguas, considering shadings can be seen in Figure 4.17.
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Figure 4.17: Temporal Variation of solar radiation in Caguas

Simulation Results

The Levelized Cost of Energy (LCOE) quantifies the valuthefsolar energy in the
market. Figure 4.18 shows the resulted LCOE for Caguasuastoh of installed capacity
cost ($/kW). Assuming: 30% down payment, 20 years, 5.25% interest, 1% degradation.

From a siting perspective, the “Gautier Benitez” street dudshave significant
topographic and/or structural obstacles that will create dirgp@roblem. Economically, the
development of a solar PV community in the area will depend on theciifgamechanism
used. For example, when considering a solar community financingptinent cost, the
LCOE will be 0.2 $/kWh (approximately, $.07/kWh less than the actiiléy average cost).
As a result, developing a Solar Community in Caguas PR isbfedsom a technical and
economical perspective.

76



Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

Levelized Cost of Energy (5/kWh) in Caguas, PR
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Figure 4.18: LCOE in Caguas
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CHAPTER 5
PERMITTING AND INTERCONNECTION PROCESSES

UPRM developed a “proof-of-concept”, holistic web-based framework that
integrates PV information, permit and interconnection processaslén to ensure process
liability and standardization while dealing with rooftop PV marketibes. It could provide
a consistent starting point for the PV industry, users and goverrsgenties if fully
implemented and used by the Puerto Rico Electric Power Auti{@Ri£PA) and the state
main permitting agency (OGPe).

This task required stakeholder input, which was obtained during fourngndesld
during May 2012 in Mayaguez (UPRM) and San Juan (PREAA). Stakelugdenents and
recommendations were used to fine-tune the PV market assesegeding permitting and
interconnection processes (previously done as part of the origo@bgal to DOE for the
rooftop project). UPRM researchers studied the best permittinghterdannection practices
from Solar ABCS$as well as searched and studied information from NREL, DOE and othe
energy-related websites on topics related to processes. IREIZseport "Sharing Success
Emerging Approaches to Efficient Rooftop Solar Permitting” wias a key reference. A
summary of the key points from these reports follows next.

The website forSolar ABCScontains a wealth of resources on interconnecting
rooftop PV systems. The specific resources analyzed were:

1. Comparison of Four Leading Small Generator Interconnection ProcedureB.
Keyes and K. T. Fox, Interstate Renewable Energy Council, 2008.

2. FERC’sSmall Generator Interconnection Agreemé€dGIA, for Gen Facilitiess 20
MW), FERC, 20086.

3. FERC’sSmall Generator Interconnection Proceduf&GIP, for Gen Facilities 20
MW), FERC, 2006.

4. Rule 21 California PUC.

5. Glossary and Resources Rule 21 Working Group California Public id#ilit
Commission, April 2011

6. IREC Model Interconnection Procedur&910.

7. Updated Recommendations for FERC Small Generator Interconnection Procedure
ScreensM.T. Sheehan and T. Cleveland, North Carolina Solar Center, 2010.

UPRM researchers studied four interconnection procedures useelgbhators to
develop state and local procedures. This included review of crisvadysis of scoring
criteria, safety issues, reliability and cost. A comparathedysis was performed of the four
procedures per score. The reports also include analysis of strusturedrs and market
issues. The main conclusion is that the IREC procedures may aem@estarting point to
improve Puerto Rico’s procedures with California’'s Rule 21 being supeegarding
Interconnection charges. In California’s Rule 21 generatordkifpr net energy metering
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are exempt from paying fees, including any necessary stadidssolar-powered generating
facilities up to 1 MW that do not sell power to the grid are asempt from these fees in
almost all cases. The recommendations are aligned with esaglisnits based on existing
system parameters at the point of interconnection; such as #nsfarmer capacity, system
voltage levels and aggregate contribution of the DG in a specified area ratherpgban a s

Other references studied were:

1. “Expedited Permit Process PV Systems: Standarized Promes®eview of Small-
Scale PV Systems” B.Brooks, Rev. 1, 2011. This reference presernsedpke,
expedient, permit process suggested for systems that satisfystoottural and
electrical requirements (which are easily satisfied hyagority of residential PV
projects).

2. “Exploring Aggregated Net Metering (ANM) in Arizona, NARUC. r&port for the
Arizona Corporation Commission,” Funded by U.S. DOE, 2011. This reference
presents the positive and negative aspects of ANM in the conté&xtzoiha law. A
summary on ANM practices in 10 states including: eligibiligyifts, limits (physical
and administrative), credits and fees. Useful to commence a stwativantages and
disadvantages of ANM for Puerto Rico.

Various key ideas from the IREC's 2012 report "Sharing Successgifrg Approaches
to Efficient Rooftop Solar Permitting” were followed. Aspiratioha&ist practices must be
sought but also realistic and effective ways to improve solanifigrg in Puerto Rico. The
responsibility for change should be shared among all stakeholdersjafigp8itility
(processes and requirements) and the PV Industry (complete andtacapplications).
Commitment is needed from a broad set of stakeholders in order &ffective in the
reform process. Also, changes to permitting policy should benefivallved. In order to
steer towards that goal, PREPA’s operation and services mustlbestood and taken into
consideration as well as the PV industry’s challenges in acHastging technological
arena. The economic conditions faced by both groups are criticahebbest solutions are
those that benefit the broader community.

There was a focus group on processes that helped in confirnfingygeind discovering
action items. For example, the current processes at the Rafioéd (OGPE) and the Puerto
Rico Electric Power Authority (PREPA) require various visits these agencies, and
submittal of paper forms. Unforeseen obstacles were discovereedrétathe transfer of
responsibilities from PREAA to OGPE. OGPE was created to acceleratdtpg processes
in Puerto Rico. PV permitting responsibilities such as equipment yatens certifications
passed from PREAA to OGPE. However, the initial intent of conspmatection regarding
such certifications has turned into additional time and fees fupl@enstalling PV systems
on their homes. On the other hand, even though PREPA has rules ana gptp8) for
interconnection, the application and interpretation varies depending oegibe the system
is to be installed (PREPA has 7 regions). This lack of consis@moyg PREPA regions is
an obstacle in reducing red tape for rooftop PV systems. UPRM hsesiakeholder input

82



Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

and the references on best practices were used to develop reconnenaadapted to the
PV market in Puerto Rico (already presented in Chapter 2)eTieeemmendations guided
the development of the software blocks for the integrated system.

Through various stakeholder engagement activities (described inettechapter)
UPRM researchers were able to identify, discuss and presaohopd these problems.
PREAA and UPRM are proposing OGPE to concentrate on the imt&ti of consumer
protection, not on collecting fees. PREPA was also engaged in d@twussn ways to
streamline their internal processes for interconnections. Forther the proposed on-line
framework has the potential to save time and money to all involVhdre are two
approaches for the on-line system:

— Best practice: An Integrated Web-based Framework for RooftofyBtems
that integrates all relevant agencies (PREAA, OGPE and PREPA)

— Near term: PREAA-based functions to complement processes RE @Gd
PREPA

On-line Rooftop PV System

An on-line framework is a key improvement strategy that could save and
money to all involved. UPRM researchers developed an initialtsteufor an integrated
web-based framework for Rooftop PV Systems. The first level inslugeneral
information of rooftop PV in PR, access to the integrated sys$tenpermitting and
deployment, the Puerto Rico Solar interface (PV Community), and document texnplate

UPRM hired a graduate student, Mr. Israel Ramirez, to help iddgtelopment of
the software tools needed for the integrated web-based sydterhuis Lugo worked as
webmaster for the project. UPRM researchers studied varioesemeés for software
development. Particularly helpful was “Automated Permit Tracl8ofware Systems: A
Guide for Massachusetts Municipalities” which gives general goete for the on-line
system such as:

» the software should be able to produce status reports
» highlight any problems that should or would hold up the permitting process

* be able to pull data from other existing databases, allows contuergew
of application and site plans

» allows on-line application, submission of plans, and payment of permit fees

* intuitive to learn, easy to use and train new staff on; flexibié alows
customization

» the software must have permit tracking capabilities.

The reference identifies more advanced features to achievergag&mation such
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as: automated document distribution, automated task and expiration etaieders,
problem-flag tracking and online payment.

Specific recommendations when selecting or designing permittingasefare:

1. Determine the features and services that are essential for allzaiyams involved.

Determine if there are existing systems that offer part of the sememzled

3. Choose software applications that provide the capabilities needed to credesitbd
features

no

UPRM also consulted various IT specialists regarding softwagrons for the
development of the web-based system. Angel L. Pérez, VP & Geéviarmger of Rock
Solid Technologies, Juan L. Collado, VP xRM Group Technologies for thestiboli
framework, Dr. Bienvenido Vélez (Computer Science) and Dr. José (omputer
Information Systems) from UPRM. They all agreed that a workfhpproach seemed the
best approach for this project. All of them mentioned MS Sharepeiatpetential software
development platform, or its open-source counterpart, Alfresco. Sharéwairtbols of its
own, but can also act as integrator of tools developed in other platfafdRM researchers
studied available software options, and concluded that MS Sharepointsedsfor the
project. The Government of Puerto Rico has an umbrella license $mpidducts, and
Sharepoint is currently used for various tasks at PREAA, OGRE RREPA. Other
Microsoft programs were used in conjunction with Sharepoint: WindSesver 2008,
SharePoint Server 2010, SharePoint Designer 2010 and InfoPath 2010.

Researchers from other Rooftop Solar Challenge projects in theeasutregion were
consulted about this task; UPRM obtained interesting comments lfr@Broward County
team. They considered MS Sharepoint but did not choose it becauselthmysfomization
was harder, and it was difficult to replicate for agenciesdithhot have the product in their
servers. These issues do not apply to the UPRM team. Broward Gdsmtyffered valuable
comments regarding the features of on-line permitting systems:

1. Designed to reflect the needs of the customers instead of the organization.

2. Provides a customized view for different customer types (suchesislential,
business, professional, etc.).

3. Customers should not need to know which part of the organization affeesvice
(all services for that customer type will be provided in one portal location).

4. If agencies reorganize, the changes should be transparent to customers.

5. The portal should provide a more rapid review and approval process tharson-per
processes.

6. Increase transparency by showing all elements of the pemgnjtiocess, which will
also serve as a pressure to reduce the complexity of those permittingspsoce
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7. On-line systems provide a transition to more green process (less papeavigss tr
8. Allow for simultaneous review of permit applications by various agencies.

9. Information will be available anywhere and at all times (n®t jin government
offices during business hours).

The suggestions above were used in the development of the softwkrdor the
Puerto Rico project. UPRM also followed the steps of the softsyamteins development
life-cycle (SDLC). Many authors call the steps of the SIWith many names, but in general
these are: Requirement Analysis; Design; Program Coding; Programgf dsstallation.

The vision for the Puerto Rico on-line rooftop PV permitting functiwas to have a
collection of software tools that become a one-stop shop for thed?kémThe user inputs
all the data for the proposed rooftop PV installation in once place,hwtrieates a
profile/case or user ID for each installation. Once the data iisptihished, the system
checks correctness and completeness of the information, and auatisnaitenpletes and
electronically submits all needed forms (OGPE, PREAA, PREPAg.designated person in
each agency will receive the requests, process them, and inpetsgstem the certification
or completed permits needed, and the case then moves on to the next stage. Akpthaes
can be done simultaneously were identified. The objective wapewdsup processing of
rooftop PV cases to attain the recommended practice of less thmmth for the whole
process. UPRM researchers discussed a potential Android applisatitimat users can
access the web-based systems using their smart cellphonesvaghlater developed as a
proof-of-concept.

The on-line system could be accessed through PREAA’s website. dik@omw in
Appendix D illustrates the overall structure of the integrateslesy. For clarity we have
taken parts of the workflow in the Appendix for the following discussidter the user
enters the required data, the system checks for completenkss)dfisubmit all needed
documents and applications. Part of the user interface includematet features for
financing mechanisms as shown in Figure 5.1. For example, is @&sust&erested in using
the Green Energy Fund, information will be provided on the fund’s requirements. Tém sys
then checks if the equipment selected are certified. Figuréndvizssshis process that related
to OGPE functions. This check is done automatically using a datatbacertified equipment
that should be available from PREAA’'s or OGPe’s website.vdrghing checks, the
application moves on to PREPA, with all the supporting electronic documents.

The process within PREPA has two main steps. Figure 5.3 shows part of the first step,
the interconnection application. There is a simple interconnection prémesingle-phase
systems less than 25 kW, or 200 kW for three-phase system. Elssutdanterconnection
evaluation takes place. These processes can also be autdmatigth tools developed in the
project. All the steps are time-stamped to allow timekirer and status-checks of the
application. The PREPA endorsement of the project signals appoostdrt installing the
rooftop PV system.
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Figure 5.2: Checking for equipment certifications

In Figure 5.4, once the PV installation is completed, the on-liseemsyis used to
submit the installation certification to OGPE. The systemlsse used to coordinate the PV
system tests with PREPA. When final interconnection approvalracthe PV system can
begin operating. If the user selects to have net meteringagpkcation for that process
automatically begins after interconnection approval is givenur€igp.5 shows the net
metering application process.

Interconnection evaluation is made by the PREPA technical regmamewthe PV
system is to be installed. The net metering evaluation is rbhpde PREPA commercial
office. Nowadays this represents time and money invested in fdlwlgsubmitting forms in
person and following up on the status of the PREPA evaluations, alsasonpdhe
proposed system could reduce this time, and reduce paperwork, strivimgake it
transparent to the user the various steps within PREPA requiredniplete internal
bureaucratic processes.

Appendix L shows the description of the development of a proof of conceptaseft
applying the concepts just described.
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Figure 5.5: Net metering application and evaluation.

Conclusions for Chapter 5

On February 2013 UPRM completed the installation of the completed “mfoof
concept” web-based system to a computer server in the PuerttnBusdrial Development
Company (PRIDCO). The estimates of the savings in time if tbe system were
implemented at OGPe and PREPA is that within one month, all pegniand
interconnection procedures for rooftop PV up to 300 KW could be completesi wblild
represent a savings of 50% from the current time, which on average i4 awvteasonths for
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residential and small commercial PV systems.
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CHAPTER 6
STAKEHOLDER ENGAGEMENT

In order to ensure the success of the project’'s activities, tekelwlders were
periodically convened and engaged in the vicinities of San Juan ayalglez. Stakeholders
were included early in this project, so that they could activattigipate in: the framework
development, revisions needed for standards, the study of new figaptions, discussion
of new planning and zoning tools, and finally the creation of an Isladd- “PV
community” that will result a more favorable environment for PV systems indPRéerb.

As part of this task, UPRM developed and shared rules of engagentierthe PV
stakeholders to guide discussions. First it was clear that dewglbpst practices was an
“aspirational” process: a vision of where the rooftop PV market dhioeillin Puerto Rico.
Nevertheless, there are practical considerations that neededirollmed in discussions,
issues or obstacles that limit the collective ability toajeser to the vision. The dialogues
were moderated by UPRM researchers in a respectful way, eimiplgathat agreement
would not be reached on everything, but at least all involved should éisttunderstand the
other sector’'s perspective. Finally UPRM strived to show#iee-added in participating in
the project’s activities for each sector. These rules provéxe teffective in all stakeholder
activities.

The project was announced to large audiences on Agfilag@d April 3¢ of 2012
during two continuing education activities delivered by Dr. EfraiNéll in San Juan and
Mayaguez. Over 300 persons participated in those activities andmegte aware of the
project’s goals and given contact information if interested in lootkting. The kick-off
activities of the project were also announced during those &givithe kick-off meeting
was on May 2, 2012 at PREAA. Community, professional, environmental, ,ufi\y
industry and financial groups were represented in the meetin@'Beill (UPRM) and Eng.
Damarys Gonzalez (PREAA) led the meeting, with help fromAQustin Irizarry (UPRM).
A second kick-off meeting occurred in Mayaguez, on May 8, 2012. Dr. ilD'lHd that
meeting with help from Dr. Irizarry and Dr. Eduardo Ortiz RNP). Those meetings
officially kicked-off the project, and marked the beginning of the mimgdional activities
geared toward the creation of an Island-wide PV community.

The main outcomes of those initial meetings were:
1 Official beginning of the project

2 Interest from the Puerto Rico Electric Power Authority, PRER&al utility) in
actively participating

3 Identification of key stakeholder for focus groups (working groups)

4 The need to balance various (and many times conflicting) interests of stakeholde
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5 The need to begin the Financing work of the project earlier

6 Confirmation that the processes work can be effectively combinédtvatstandards
work to catch up with the initial timeline of the project

7 The need for a holistic vision in renewable energy, and the challenge of attaicing s
vision with the limited time frame the project had (less than one year).

In coordination with PREAA, UPRM developed a timeline with the ohljestiof
complying with the proposed activities and comply with the propesgdities originally
submitted to DOE. The timeline moved the work for financing eardiad combined the
work on standards and processes. UPRM had originally proposed to coombnatne and
lead four (4) bi-monthly meetings: Small group stakeholder meestayting on the third
month of the project, and focused on specific issues. However, in ordestedessful with
the more aggressive timeline, besides the small group bi-montelynge UPRM convened
working meetings in San Juan and Mayaguez with focus groups of aroundo#0l8. The
focus group meetings had the participation of key PV stakeholderscinoéahe areas:
standards, processes, financing, zoning and planning. Appendix A shaaskiheompleted
following the more aggressive timeline.

Engagement levels

The effort ended up with the following levels of stakeholder engagerfeeus groups
(approx. 10-15 persons), small group meetings (approx. 30), and PV Suroweits100
persons). Through these levels of engagement UPRM sought to areaeCommunity in
Puerto Rico that could champion, in collaboration with PREAA, the recomiatiens
developed in the DOE’s Rooftop Solar Challenge project.

The focus group meetings were held on May 8ad June 19at PREAA and May
31% and June 2D at UPRM, all in 2012. Each of the meetings was divided in two topics
standards and processes. In essence, each meeting was iwcdfacteétings since the
stakeholders for these two topics are the same. The outcortiesefmeetings were mainly
recommendations to the UPRM team on areas to pay attention tanldersls and processes
work. Details were given in Chapter 2. The next small grougtimgs were on July 12and
13" on processes and standards.

A key initial task was to fine-tune with PV stakeholders, trauation of the rooftop
PV market submitted to DOE in the proposal on August 2011 (revised chegajiations
with DOE on December 2011). The objective was to acquaint key stakeheldk the
language and metrics DOE uses and to get an updated perspédtieePV market. That
task started with the focus group meetings of May} add May 3% mentioned in this
chapter.

The main references read and studied for stakeholder engagement:

1. Peter SengeThe Necessary Revolution: How Individuals and Organizations are
Working Together to Create a Sustainable Wddldubleday, 2008.
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2. Venkat Ramaswamy,he Power of Co-Creatigrrree Press, 2010.

These references offered great advice on how to deal with digsatseseemingly
contradictory perspectives when engaging groups from diffeestors in sustainability
topics such as PV systems. For example, Senge argues tlefh@roblems faced today
are the result of a way of thinking whose time has passed oansta@nd. A vital question
to ask stakeholders is: Do we protect the ways of the pastroinaireating a different
future? Seeing the deeper pattern that connects many diffecdiéems is crucial if we are
to move beyond piecemeal reactions and create lasting changé/feyskems. Senge
cautions that many collaborative initiatives can be frustrdtecpuse they produce lots of
talk and little action. Building capacity to collaborate is haatknand needs to be seen as
such. It takes time and a high level of commitment. Since these@wkear focus (rooftop PV
under 300 kW), UPRM leveraged on the interest of each group regardingysiems in
building the needed collaborative attitudes. Senge provides an examyteinthe groups
collaborating did not have exactly the same set of objectivesthbrg was enough of a
common ground to work together. This is what was followed in the eagggements with
PV stakeholders in Puerto Rico.

Dr. Ramaswamy stresses the importance of stakeholder engageraentg today’s
challenges (including energy). He argues in favor of cotiorgathe practice of developing
systems, products or services through collaboration with customersgengnamployees
and other stakeholders. This is exactly what UPRM reseadladh€euring the project. Instead
of developing rooftop PV best practices in a vacuum, UPRM activeaged and
collaborated with key stakeholders that later on could champion in éhtbose changes.
Co-creation involves democratization and decentralization of valugesremoving it from
concentration inside a few to interactions with stakeholders. Dr.aRaamy goes on to
describe “social eco-systems” an environment with free flomfolrmation, which engages
people better and enable richer, fuller stakeholder interactionsttadmional outreach
strategies. In this process the development and effective usegafesnent platforms is
essential. For this project, the use of focus and small group neeterg key engagement
platforms supported by electronic and phone conversations with keyhaladies. Those
engagement platforms could be turned into a “virtual” PV Community in Puerto Rico.

There were four stakeholder meetings in July 2012. Two small gnoegtings
related were held, one in the Western Puerto Rico (JUlyd® the other in the Eastern side
(July 13". Each meeting was included two parts, one for processes and rafmthe
standards. These meetings allowed UPRM to present to keyaR&hstders the work done
in these areas to date. Researchers also received important febdbackstintegrated in the
recommendations. Key suggestions and comments made by stakeholders are inciwded bel

— The need to distinguish optimum from implementable practices
— User perception of government systems

— Should include a mobile application

— Use lessons from "e-government”
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— Develop a historic database of PV systems

— Establish a Service Level Agreement: Determine the tinekes to assign a permit
application and determine what should be the maximum processingDi@tegmine
time it takes to make a decision on applications (accept or reject)

— The client has no control of his/her case

— There are no consequences or accountability regarding actions siodecnade by
government officials regarding PV processes.

— Revise financing process, including improvements to the Green energy fund.

— Changes are needed to PREPA'’s standards

— Need to model feeder load profiles

— Problems with equipment certifications from OGPE

— Problems related to the use of non-certified PV equipment suchcag {ourself"
and sale of equipment in flea markets and through the internet.

The Financing focus group meetings were held on Jihal®PRM and July 19of
2012 at PREAA. Various groups from the Financing sector participadéedts, cooperatives,
appraisers and PV professionals. Focus group meetings were nmtethéh the original
proposal, they were a means of catching up with the original schpchpesed to DOE.
During July 2012 the UPRM team caught up with stakeholder engagecivities as
proposed originally to DOE.

On July 17 UPRM met at PREPA in San Juan with their Information Teclyyolo
Group. UPRM Researchers presented the Rooftop Project, espdwatlgvelopment of the
web-based tool. The UPRM team had a very revealing exchangikead with PREPA
personnel. They made valuable suggestions such as having two layastiby verification
for users of the web-based system and allowing users to evaiaabus actors in the PV
installation process (PREPA, PREAA, PV installers, etc).

There was one focus group meeting held for financing during Au2@%2 in
Mayaguez. This was the second and final focus group meeting iWéstern side of the
Island. The team decided not to hold the second San Juan area focumgebung because
the data collected during the second meeting in the West achievedbjgaives for
financing, and the little interest shown by the financial stakigslin the San Juan area.
Two small group meetings on financing were held during Septe20i2. These were the
final stakeholder meetings for this topic. The Western region ngeetas held on September
24" 2012 in Mayagiiez and on Septembel, 28012 in PREAA (San Juan). Two focus
group meetings on planning and zoning were held, one on Septerfib@018 in Mayagiiez
and another on Septembef"12012 in PREAA.

In addition to the scheduled meetings, the UPRM team participated“Green
Energy Business Conference” sponsored by PREAA through the profatt’©Outreach
initiative. The team presented the project’s findings to a diveudéence in Mayaguez. This
activity entails outreach to a broader audience, and another means of estgighglders.
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One focus group meeting on planning and zoning was held during in the Wegiemon
October 3%, 2012 in Mayagtiez. Discussion and work on this area was previously prtesent
in the planning and zoning chapter.

Another focus group meeting on planning and zoning was held durthg iBastern
region on November 132012 at PREAA. Detailed discussion and the work on this area was
also presented in the planning and zoning chapter. General ideas prdgestakeholders
during that meeting included:

1. Importance of optimizing use of rooftops, and develop an ideal layoBMdriendly
rooftops.

2. A roof planning instrument was presented by Dr. Fernando Abrufia. Siogge®r
use of the instrument included developing a simpler version for potem@adle
interested on PV but not knowledgeable of the field.

3. Printed material should be developed.

4. Recommendations for construction codes should include recommended areas on
rooftops for PV installations (concern with potential leaks causeattiltiyng rooftops
to anchor frames for PV panels).

5. Require one blueprint, as part of the ones already required forcaestruction,
which shows an example of how a PV system might be installdtirobftop. The
new owner decides whether to use it or not. During the tranghisrrequirement
could be an administrative order from OGPe. From the developergegéx®, this
could be a marketing tool (e.g., “PV ready home”).

6. A “generic” PV education document could be required as part of theokalew
homes, with recommendations on optimizing rooftop use (A/C units, PV, astenna
water reservoirs, etc).

7. Mr. Gerardo Cosme, PE, presented a draft for “preferred PV’ zpneelines. The
document was well-received by the stakeholders. It was suggésted could be
applied to a zone within a city using already available plantoots. This would
allow studying the instrument’s effectiveness, and corre@mgproblems. Caguas
volunteered as a test case in collaboration with its Planningridegrd to identify
where are the opportunities for PV in that city.

8. Regarding solar rights, a consensus was reached not to pursdegmation, but
rather to take advantage of existing codes and laws. For exampéeatbevegetation
codes, usually within city governments, that provide guidelines on gfpgses to
plant near structures. This is a “low hanging fruit” since inoluf guidelines on
heights of trees could be recommended for those codes so thatidrees cast
shadows in the South of buildings.

9. Solar access related to nearby constructions is a diftaquilt, but the project can lay
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the foundation for a serious discussion on the topic for Puerto Ricoétogea solar
access policy.

10.Try to develop recommendations for PV alternatives for multi-family buildings.

A planning small group meeting originally scheduled for Novenes moved to
January 2013. This allowed time to integrate the on-going work temirés stakeholders,
and also gave the team a chance to have a transition to aeaderdhip at PREAA. A
summary was presented in the zoning and planning chapter.

UPRM communicated with PV stakeholders almost on a daily Hasisgh email.
Communication was bi-directional, since many times stakeholdgimns Be email exchange
by sharing an article or website relevant to the project’scobgs. UPRM kept a website
for the project, http://prsolar.ece.uprm.edu which served as a conatianichannel with
stakeholders. The registration for the PV Summits was harfdiedgh the website. UPRM
researchers also received periodic stakeholder communications at
puertoricosolar2012@hotmail.com an email address to better managés drom
stakeholders. The new level of engagement, focus group meetings dethabléPRM team
to maintain face to face communication and interaction with key stakeholders.

There were various activities for Outreach to general publie Was in Arecibo
(Northern part of Puerto Rico), coordinated by PREAA during a rGEgergy Business
Conference, on Novembef92012. Another activity was in Carolina (Eastern Puerto Rico)
on November 18 This activity marked the first time the ideas of this pbjeere used by
one of the PV stakeholders on one of their activities. ACONER iiBtller association) had
their annual meeting and used the Summit presentation as theduaatien activity of the
meeting. Another outreach activity was in Mayagiiez on NovemBer2Ba2 coordinated by
the Western Chamber of Commerce. These activities were oppedutd showcase the
project’s results and recommendations.

PV Summits

As per the proposal to DOE, two PV Summits (1 day-long eachy waordinated,
convened and held, one in the Eastern half and another in the WedtefmPheerto Rico to
provide broad participation. These meetings served as a summativat®sn of the project,
strengthened the PV Community and were an opportunity to discuss folante
establishment of best practices. The Summits were held on é@8b (Rincon, Western)
and October 30 (Caguas, Eastern). Participation was outstanding, about 140 pémsons
Rincdn, and 151 in Caguas. The UPRM team presented best practices on processes standar
and financing. Initial work on zoning and planning was also presentede Thanmits were
a collaboration with one of the key stakeholders, the Puerto Riate Society of
Professional Engineers and Land Surveyors, who awarded continuing edaopadits to all
licensed engineers that participated in the Summit. The fofutiee project was discussed
and the formal creation of a PV Community callederto Rico Solar The project’s
recommendations present an important opportunity to expand the rooftapafét in the
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Island. In order to incorporate explicit favorable provisions in statelocal codes regarding
use of PR’s Solar Resource, the recommendations are planned to be tmowgh the
policy process by this PV Community. The multi-sector natureth® community
(government, industrial, commercial and residential) would helmwisien a new power
grid and a new way to design and operate it with higkeefation of rooftop PV systems.
During the PV Summits UPRM also conducted an evaluation of the prthectesults and
comments are presented next.

Evaluation results from PV Summits

A total of 140 persons went to the Rincén PV Summit, and 151 persomdeattide
Caguas PV Summit. Figures 6.1 and 6.2 show a distribution of the partiogekground in
each Summit. Both Summits were co-sponsored by the State Sofidyofessional
Engineers, which provided continuing education credits for the activity. Thugeanamber
of participants were engineers.

UPRM researchers presented project findings and recommendettigasticipants
during the morning. UPRM students prepared posters that gave funttvenation of the
project. A discussion session in the afternoon gave participants the wpjyoto ask
guestions and provide suggestions on next steps. Before the end &ueatit participants
filled out evaluation forms that asked participants to rate tHéstseand the ideas, based on
what they learned from the project.

Figure 6.3 shows results on permitting and interconnection processasl Af 198
participants answered this question (the rest did not answer omfteft lunch). An
overwhelming majority (87%) evaluated the project as excellengamd in terms of
developing a transparent, consistent, and expedient permitting and interconnectss pr

Figure 6.4 shows results from 191 responses to the question on nahgnatel
interconnection standards. Most participants (83%) rated the woekcatient or good in
terms of dealing with these tasks. Only two responses ratedagksas deficient, one
comment being “there is still a lot to do”. UPRM researchgreeawith this statement, and
since this is the first ordered and multi-sector effort, motkeb®&i done, especially with the
formation of the “Puerto Rico Solar” PV Community.

On Financing Options 184 responses resulted in 84% approval of the work and
recommendations. There were 5 persons giving the project aedefiating, based mostly
on the experience with the current PV incentives, and the doubts abdunatheal sector
integrating the recommendations. However, there is encouragingfroewshe cooperative
sector: at least on cooperative institution will begin to offéfrélated financial packages.
Furthermore, 99% of responses rated the financing ideas as \afty, usseful or with
potential (see Figure 6.6).
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WPV Installer

W State Gvmt Employee
M City Gvmt Employee
M Professor

B Student

m Engineer

m Other

Figure 6.1: Profile of PV Summit Participants (Rincon)

W PV Installer
W State Gvmt Employee
M City Gvmt Employee

4 W Professor
M Student
m Engineer

m Other

Figure 6.2: Profile of PV Summit Participants (Caguas)

Task 2.0

M Excellent
W Good

M Average
W Defficient
m Nothing

Figure 6.3: Evaluation Results for Permitting and Interconnection Processes
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Task 3.0

M Excellent
M Good

W Average
M Defficient
m Nothing

Figure 6.4: Evaluation Results for Net Metering and Interconnection Standards

Task 4.0 a

B Excellent
m Good

W Average
H Defficient

H Nothing

Figure 6.5: Evaluation Results for Financing Options

Task4.0 b

m Very useful

| Useful

u With potential
® Bad

® Not possible

Figure 6.6: Evaluation Results for Feasibility/Practicality of Finan©ptions

Participants rated with 81% the work on planning and zoning @&i§uf).
The majority (99%) positively rated the planning and zoning propdsats “very
useful” to “with potential” (see Figure 6.8).
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Task 5.0 a

m Excellent
W Good

M Average
M Defficient

m Nothing

Figure 6.7: Evaluation Results for Planning and Zoning ldeas

Task5.0 b

u Very useful

W Useful

B With potential
W Bad

® Not possible

Figure 6.8: Evaluation Results for Feasibility/Practicality of Plagaimd Zoning Ideas

Participants also rated the focus group and small group meetingsned during the
year on each of the four topics. A total of 52 responses wereeddeom persons who had
participated in those stakeholder engagement activities. All ofeg@nses stated that the
smaller group activities were very useful and helped the project.

Summit participants also gave written recommendations for impydtis work. All
these ideas were evaluated and integrated with other recomioasdabm the focus and
small group meetings.

A “virtual” PV Community calledPuerto Rico Solawas initiated during the October
Summits. The stakeholder engagement activities initiated in dpecpwill be continued and
expanded through regional and island-wide effort. The plan wasPtto Rico Solar
would follow the project’s approach of conducting activities in twomfiaci. Efrain O’Neill
(P1 of the project, professor at UPR-Mayagliez) and Ernesto &R{esrgineer, president
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ACONER-PV installer association) would be coordinators in thet®kesRegion. Fernando
Abruiia (Architect, retired professor from UPR, energy expert)Jasgé Maeso (engineer,
public policy background, Business Development Director PREC) woutthdselinators in

the Eastern Region. These coordinators would facilitate, not cotheoljnteraction of
stakeholders and encourage concrete actions for the implementatenre€ommendations.
On February 8, 2013 a final stakeholder meeting was held in Rincon, from 6 to 10pm.
About 70 persons attended among them PV industry, students, engpretssors and the
general public. During the meeting the final recommendations of the projecpresented.

Conclusions for Chapter 6

The stakeholder activities were a success. Key stakeholdeszsmilling and eager to
collaborate; their active participation and help allowed the UP&ivhtto catch up with the
original schedule. UPRM also leveraged on current work on distrilggedration within
the utility, and the participation in the project meetings of tworesgs from the utility. The
project’'s main successes were sent to DOE, and this informags used to develop an
“awardee spotlight” feature by NREL (See Appendix E for detafh general brochure was
published with key information of the project (Appendix F).
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CHAPTER 7
CONCLUDING REMARKS

UPRM researchers completed a final PV Market Assessmeninaut the data into
the US DOE/NREL Solar Metrics Rooftop Solar Challenge Daml{&ee Appendix K).
The PV Market Assessment was completed by the last dég @iroject (February13, 2013)
and reflected improvements in local market conditions.

Independent industry verification of these results was sought. vEhigation was
in the form of a letter signed by representatives froneadtl2 companies in the residential
PV business and at least 2 companies in the commercial PV use@®esenting a
significant portion of PV sales in the participating jurisdio. Although the Puerto Rico
project did not achieve the 800-point mark, it is important to keep in thatdathe original
proposal to DOE was written following a FOA for the Rooftop SGlaallenge program that
originally entailed a two-phase approach. The first phase wagldhelopment of the
recommendations and initial steps for implementation (which repi®sthe project
summarized in this book). The second phase in the FOA was wherel timeplementation
of the recommendations would have been carried out. As the secondyatsaskminated,
the Puerto Rico project’s first phase was in disadvantage wiéwrde to the 800-point
metrics established by DOE.

Notwithstanding the proposal’s original structure, the results fRamrto Rico’s
rooftop solar challenge project have been received with great eshuby local energy
stakeholders. UPRM researchers are confident of the impagé girdject in Puerto Rico’s
rooftop PV market.

An important lesson learned was distinguishing the aspirational nafuleest
practices vs. the practical implementation considerations in wprlawards those best
practices was. Establishing near term objectives was thusimgagrtant for the project.
Those near term goals included the clarification of graysaitest exist in various rules and
regulations related to rooftop PV processes and standards. MS Shaieparrently used at
the three main government agencies relevant to rooftop PV systechthus was selected as
a tool for the on-line proof-of-concept permitting and process tool.ekeygy stakeholders
were engaged early, which in part allowed us to successfully oentbe processes and
standards work of the project. Other important lessons learned irtbleid@ge support that
the recommendations had regarding changes to technical interconmequmements. For
example, there is a window of opportunity to drop the external discoregairement, at
least for residential systems. There is also great intdresn cooperative financial
institutions in the Western side of Puerto Rico in developing newmdiabmechanisms for
rooftop PV systems. Insurance companies already have good coverdg¥ tystems to
support those financing instruments. One Cooperative Financial Instibeégan offering a
product motivated in great extent by their participation in the project’s stakehodgtings.
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On February 13, 2013, the UPRM team completed all technical tdsksdréo the
Puerto Rico Rooftop PV project funded by DOE. UPRM researcherpletad all the tasks
for the project as described in the modified timeline, even witHeth@ership change that
occurred at the Puerto Rico Energy Affairs Administration. URR8&archers are confident
that the project’s recommendations will continue impacting the Ro&ftoparket since the
new leadership at the Puerto Rico Energy Affairs AdministraiBREAA) is fully
committed to this work, as were the previous PREAA’s DireclREAA’s new Executive
Director, Jose Maeso, PE was an active participant of thedPRérdb Project, and co-
founder of the “Puerto Rico Solar” PV Community. Furthermore, the girej€l (Dr.
O’Neill) included part of the project’'s recommendations in higrkwagenda as Senior
Advisor to the Governor of Puerto Rico on Energy. That gave continuitye efforts
beyond the project’'s end. UPRM will collaborate with Mr. MagsanfPREAA in taking all
project recommendations and turning them into concrete actions tovienipr® Rooftop PV
Market in Puerto Rico. Some of the follow-up actions that will tise project’s
recommendations but were beyond the scope of the funded work are:

» Coordinate required changes in PV processes with OGPe and PREPA.

» Update the net metering law.

» Simplify project results and promote its recommendations.

* Submit the project recommendations to the Planning Board, for evalaatiomse by
the agency.
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Appendix A: Tasks completed in the Rooftop Solar Challenge project

All tasks were completed by the end of the project as origipatiposed to DOE. All goals
and objectives established for the project were met. Tables A.1lAtBrpresent all the
completed tasks for the modified schedule from May 2012 thru February 2013.

Table A.1: Main Milestones for Standards Work for the Project

Area Task Time

Standards: Evaluate and Perform detailed analyses of May 2012 Freeing the
improve net metering and | best practices from NNEC. | Grid report)
interconnection standards b
surveying standards and
establish best practices

™~

Study and propose changes June 2012
to existing standards

Define rational limits to net | July 2012
metering (not based on
utility’s peak demand) and
increase net metering system
allowed capacities from 1
MW to 2 MW.

Establish practices to screenJuly 2012
applications by degree of
complexity and explore plug
and-play rules for residential
scale systems including an
expedited procedures for
commercial systems. Prohil
requirements for extraneous
devices, such as redundant
disconnect switches, and dg
not require additional
insurance.

t

Examine fees in relation to a August 2012
project’s size.

Study and justify a monthly | August 2012
carryover of excess
electricity at the utility’s full
retail rate (unlimited).
PREPA’s economic model,
economic analysis of benefit
to PR.
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Table A.1 (continued): Main Milestones for Standards Work for the Project

Area Task Time

Standards: Evaluate and| Review renewable energy | September 2012
improve net metering andcredits framework, including
interconnection standardsexplicit protection against
by surveying standards | unnecessary fees or penalties.
and establish best Allow customer-sited
practices generators to retain all
renewable energy credits fo
energy they produce. Allow
all renewable technologies to
net meter. Allow all
customer classes to net
meter.

—

Ensure that best practices ar@©ctober 2012
transparent, uniform, detailed
and public.

Estimate potential impacts arOctober 2012
PV market due to each of the
proposed actions.

Make available best practice€ctober 2012
to relevant stakeholders
including the PV industry
and PV community.
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Table A.2: Main Milestones in Financing for the Project

Area Task Time

Financing: Develop and/or | Stakeholder meetings. Initial Focus groups: June to
improve financing planning of tasks and August

mechanisms by providing | potential meetings.

new financing options other| Identification of key

than self-financing stakeholders.

Evaluate third party
ownership options, clarify
legal status, and examine | July 2012
potential application in
Puerto Rico.

Study financing of July 2012
community solar projects, for
example through a
cooperative-type of
operation.

Pursue new or improved August 2012
programs and practices with
the housing industry so that
the installation of a PV
system can be accounted in
the property value.
Establish preferred PV zonesAugust 2012
where massive deployment of
small PV systems can occur
in vulnerable or financially
challenged communities.
Create PV financing August 2012
information and application
tools including corresponding
user interfaces. Perform
testing and validation of
these tools.
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Table A.2 (continued): Main Milestones in Financing for the Project

Area

Task

Time

Financing: Develop and/or
improve financing
mechanisms by providing
new financing options other
than self-financing

Estimate the economic and
social impact of each of the
selected mechanisms. The
economic impact that will be
evaluated will include

number of new PV systems
that could be deployed using
these schemes and related

energy savings. Social impact

will be measured with
potential for fossil fuel
displacement, access to
renewable energy by
vulnerable communities.

September 2012

\\ 4

Make available best practicq
regardingthe selected
financing mechanisms.

rgOctober 2012
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Table A.3: Main Milestones in Planning and Zoning for the Project

Area

Task

Time

Planning and Zoning:
Develop and make available
best practices regarding
planning and zoning
standards that would create
favorable environment for
PV siting.

Stakeholder meetings. Initia|
> planning of tasks and
potential meetings.
Identification of key
atakeholders.

Focus groups: Sept-Nov.
Small group: November (re-
scheduled for the end of
January)

Study and present explicit
favorable provisions in state af
local codes regarding solar
rights. Estimate the potential
socio-economic impact of best
practices.

nd

November — December 201

A best practices guide for PV
friendly construction will be
developed, including a
comparison of cost reductions
in PV deployment through PV-
friendly design and
construction. Engage
construction professionals,
developers and organizations
representing these groups.

December 2012 to January
2013
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Table A.4: Main Milestones for Web-based System for the Project

Area

Task

Time

Processe: Holistic web-
based framework that
integrates PV information,
permit and interconnection
processes

Perform detailed analyses 0
best permitting and
interconnection practices.

f May 2012 (Solar ABCS)

Recruit students

May — June 2012

Study and propose changes ttune 2012
existing processes
Produce specifications of | June 2012

web-based tools

Create tools and

corresponding user interfaces

for general information solar
PV. Perform testing and
validation of these tools. Thi
sub-task includes the overal
web system structure and
functions.

Mid-June to Mid-July 2012

(2]

Standardized and simplified
forms and mechanisms for
permitting and
interconnection and make
available on-line. This will
include examples of typical
residential and commercial
systems.

July-August 2012

Creation and testing of all theJuly-September 2012

functions related to
permitting and
interconnection process
including a time-tracking
mechanism, status report
function, on-line
applications, among other
functions.
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Table A.4 (continued): Main Milestones for Web-based System for the Project

Area

Task

Time

Processe: Holistic web-
based framework that
integrates PV information,
permit and interconnection
processes

Estimate time savings relate
to the capabilities of the
integrated system. The time
tracking mechanism will
allow estimating time saving
related to the permitting and
interconnection processes.
The completed system will
also allow estimating
potential impact and costing
reductions of PV systems du
to standardized and
simplified forms and
mechanisms. Standardize a
simplify forms for net
metering.

dnitial estimates on proof of
concept, September 2012.
Fine tuning October.

[72)

e

nd

Implement the completed
system at UPRM site.
Incorporate the completed
system, in collaboration with
the PREAA in their compute
systems. Integrate the
outcomes and improvement
from Task 3 (net metering
and interconnection) in the
web-based system.

First version — late
September 2012 at UPRM.
Fine tuning in October.

=

Continue working on fine-
tuning the web-based tools
and working on integrating
the systems into a
government’s computer
server.

January 2013
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Table A.5: Main Milestones for Stakeholder Engagement for the Project

Area

Task

Time

Stakeholder Engagement:
Create best practices with
active participations of PV
stakeholders

First PV Stakeholder Summ
(Two meetings to ensure
broad participation)

itEastern side of Puerto Rico
(May 2%, Western side of
Puerto Rico (May '8).

Processes and standards
focus group meeting: Fine-
tune the rooftop PV market
evaluation. Discuss propose
work on processes and
standards.

May 30" at RUM May 3% at
PREAA

d

Processes and standards
focus group meeting: Discus
progress, get feedback.

June 1% at PREAA
*Sune 289 at UPRM

Small group meeting on
standards and processes

July 12" at UPRM
July 13" at PREAA

Financing: Focus group
meetings

July 18" UPRM
July 19" PREAA

Financing: Focus group
meetings

August 28", 2012, Mayagiiez

Financing: Small group
meeting

September 24th (Mayaguez
September 25th (San Juan),
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Table A.5 (continued): Main Milestones for Stakeholder Engagement for the Project

Area Task Time

Stakeholder Engagement: | Zoning and planning: Focus| September 18th (Mayagtiez

Create best practices with | group meetings
active participations of PV September 19th (San Juan)

Second PV Stakeholder
stakeholders October 18, Rincon (Westefn

Summit: Present best _ :
side of Puerto Rico), and

practices; discuss future of )
the PV Community October 30 (Eastern side of
; Puerto Rico).

summative evaluation.

Zoning and planning: Focus October 3% (Mayagliez)
group meetings

Focus groups: Sept-Nov. November 13, 2012.

Focus group meeting at
PREAA on planning and

zoning.
Outreach to general public Novembét, Zrecibo
Outreach to general public Novembet"2Blayagiiez
Small group meeting on Re-scheduled January®4
planning and zoning: (Mayaguez) and January81
November (PREAA)
Final large group meeting | Rincon (Western side of
(first Puerto Rico Solar Puerto Rico), Feb."§ 2013.
meeting)
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Appendix B: Comparison of Net Metering Practices in Puerto Rico, Hawaiand
Delaware

Puerto Rico

Hawaii

Delaware

B(LB)

B (C,B)

A (B,A)

Eligible Renewable/
Other Technologies:

Photovoltaic, Wind, “Other Sources” of
Renewable Energy

Photovoltaic, Wind, Biomass,
Hydroelectric, Small Hydroelectric

Photovoltaic, Wind, Biomass,
Hydroelectric, Anaerobic Digestion,
Small Hydroelectric, Fuel Cells

Applicable Sectors:

Commercial, Industrial, Residential,
Nonprofit, Schools, Multi-Family
Residential, Agricultural, Institutional

Commercial, Residential, Local
Government, State Government, Fed,
Government

Commercial, Industrial, Residential,
Nonprofit, Schools, Local government
State Government, Fed. Government
Agricultural, Institutional

a

Applicable Utilities:

PREPA

All utilities

All utilities

System Capacity Limit:

1 MW for non-residential; 25 kW for
residential

100 kw for HECO, MECO, HELCO
customers; 50 kW for KIUC customers

DP&L: 2 MW for non-residential
DP&L customers; 500 kW non-
residential DEC and municipal utility
customers; 25 kW for all residential
customers; 100 kW for all farm
customers on residential rates

Aggregate Capacity
Limit:

No limit specified

3% of utility's peak demand for HELCQ
and MECO; 1% of utility’s peak deman
for KIUC and HECO

5% of peak demand (utilities may
increase limit)

Net Excess Generation

Credited to customer’s next bill at utility’

retail rate (with certain limitations);
excess reconciled at end of 12-month
billing cycle

Credited to customer’s next bill at
retail rate; granted to utility at end of 13
month billing cycle

Credited to customer’s next bill at retq
rate; indefinite rollover permitted but
customer may request payment at the
energy supply rate at the end of an
annualized period.

REC Ownership:

Not addressed

Not addressed

Customer retains ownership of RECs
associated with electricity produced
and consumed by the customer

Meter Aggregation:

Not addressed

Not addressed

Not addressed

Recommendations:

» Remove system size limitations to allo

customers to meet all on-site energy
needs.

» Allow customers to retain all RECs
associated with generation.

» Remove system size limitations to
allow customers to meet all on-site
energy needs

» Increase capacity to at least 5% of a
utility’s peak

» Allow net metering for third parties
using the PPA model
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Appendix C: Comparison of Interconnection Practices in Puerto Rico, Hwaii, and
Delaware

Delawart
Puerto Rico Hawaii
(Previous evaluations)
FCF) F(F.F) A (D,F)

Eligible Renewable/Other

Technologies:

Photovoltaic, Wind, "Other Sources" of

Renewable Energy

Solar Thermal Electric, PV, Landfill Ge
Wind, Biomass, Hydro, Geothermal, Fell
Cells, CHP/Cogen, Micro-turbines, Other
DGs

Solar Thermal Electric, PV, Wind,
Biomass, Hydroelectric, Anaerobic
Digestion, Fuel Cells, Other DGs

Applicable Sectors:

Commercial, industrial, Residential,
Nonprofit, Schools, Multi-Family

Residential, Agricultural, Institutional

Commercial, Industrial, Residential,
Nonprofit, School, State Government, Fed

Government

Commercial, Industrial, Residential,
Nonprofit, Schools, Local Government,
State Government, Fed, Government,

Agricultural, Institutional

Applicable Utilities:

PREPA

Investor-owned utilities

All Utilities (only Delmarva Power i

subject to commission rules)

System Capacity Limit:

No Limit specified

No limit specified

10 MW (2MW)

Standard Agreemel

Yes

Yes

Yes

Insurance Requirements:

Vary by system size and/or type; levels
established by PREPA

Amount not specified

"Additional” liability insurance nc
required for systems that meet certain

technical standards

External Disconnec

) Required Required Required for systems larger than 25 kW
Switch:
Net Metering Require No No No (Yes
»Noné

Recommendations:

» The territory should adopt IREC's mode|

interconnection procedures.

»Remove requirements for redundant
external disconnect switch
»Prohibit requirements for additional

insurance

( » Remove requirements for redundant
external disconnect switch for larger

systems

» Expand interconnection to cover all

utilities (i.e., munis and co-ops)

» Further delineate tiers to accommodatg
different levels of complexity among

system types and sizes)

b
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AppendixD: Workflow for On-line System
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Appendix E
NREL’s Awardee Spotlight

Rooftop Solar Challenge Successes—Puerto Rico

Puerto Rico's Stakeholders Participate in the Rooftp Solar Challenge

For better communication with all the residents of the islandtamrr the leaders of Puerto
Rico's Rooftop Solar Challenge (RSC) created a photovoltaicd@¥inunity managed through
a Western section and an Eastern section. That way, more Puerto Ricanalmalddctive part
in exploring ways to reduce barriers, and lower costs for resadleantid small commercial
rooftop solar systems.

RSC organizers recognized that stakeholder engagement i®mamajponent of the Challenge
in Puerto Rico. As such, they reached out to the community at vdeiels, from focus groups
with a dozen or more people, to larger PV summits drawing more than 100 persoes Epiee

major summits were held in Rincon (October and February) and €4Quaober), plus two

Green Energy Business Conferences entitled “The Solar Chellewere held in Arecibo
(November) and Mayagliez (September), to introduce the challendarge audiences
representing industry, related professions, and the community. Thgsenl@etings were so
successful that organizers now believe that even more of tt@sferences would be very
beneficial.

The results of these engagements are already being seaghtfotbow-up activities. The project
has positively influenced the revision of interconnection requirenamoverall permitting for
rooftop PV projects. For example, and partially in response to the RSC projectioutinedocal
utility company expanded capacity of net-metered systems togawadts. Further, efforts to
develop companies and partnerships to implement third-party ownafsip systems have
started.

The ripple effect is happening in financing, too. An improved PV fimgnmechanism is being
designed by a number of cooperatives in Western Puerto Rico. Hoplexane cooperative
expects to begin offering its financing product in March 2013, andésuéives acknowledge
participation in our focus and small group meetings were essential in developprgdbet.

Also, because of the RSC efforts new ideas are taking root asldne. The City of Caguas
volunteered for a pilot project in which the "Preferred PV zonegtasted in the Puerto Rican
project would be merged with the city's geographic informatioresygGIS) planning tool to
identify rooftop PV opportunities in the historic downtown area to suppoonamic
development in the area. This could have an especially big impact among smaldassine

The solar-related awareness spreading over the territory stop'there. Organizers believe that
most of the strategies are replicable elsewhere. Theymary references and adapted those to
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the Puerto Rican context. However the general guidelines behincctmemendations are easily
exportable. The project’s final report will present the project's resudtsescommendations. This
document will have all the information and background needed to undevgtgnthe Puerto
Rican group pursued specific paths, and will help readers deteintieexperience is similar
and helpful for their context.

Learn more about this project at the http://prsolar.ece.uprm.edu/

This project is funded by the Rooftop Solar Challenge program undes.gheDepartment of
Energy SunShot Initiative.

Powered by
'//// SunShot

U.S. Department of Energy
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Appendix F

Project Educational Brochure for Dissemination and General Outreach§panish)
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Appendix G: Single-Homeowner Residential PV System Simulation Agsptions and
Results (Author: Armando L. Figueroa-Acevedo)

General Assumptions

Site: Mayaguez, PR
PV System Capacity: 4 kW
Monthly Electricity Consumption: Approximately 600 kWh
Electricity Cost: $0.27/kWh
Extra Energy Rate: $.07/kWh
Total System Cost (Without Incentives): $16,000 ($4/W)
Personal Loan:

» Amount: $14,000

« Down Payment: $2,000

» Interest: $5.25

» Period: $15 years

Results

1. Comparison between the monthly electricity demand and PV system output

Monthly Output (Base Case)

ok T T T T ! ' [ Monthly Eneray (kvh)
[Cloc output kwh), Monthly

lwvh

Feb Mar Apr May Jun Jul Aug Sep Oct Naow D

Figure G.1: Monthly Electricity Demand and PV System Generation
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2. After tax cash flow

After Tax Cash Flow (Personal Loan Financing
Option for a Residential PV System )

2000

1500

1000

500 -

-500 -

[

o

o

o
1

Revenues ($)
o

-1500 -
-2000 -
-2500

Years

Figure G.2: After Tax Cash Flow (Personal Loan/Single Homeowner)

3. Payback Period

Cummulative Payback Cashflow

Cash ($)
[ =
sz
8 &
l
—
I —
[ [ ]
I N

-5000 ! I

bl
-10000 l I I l 213141516171819202

-15000

-20000 \

Year

Figure G.3: Payback Period (Personal Loan/Single Homeowner)
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Appendix H: Solar Community Residential PV System PV System Simuletn Assumptions
and Results (Author: Armando L. Figueroa-Acevedo)

General Assumptions

Site: Mayaguiez, PR
PV System Capacity: 4 kW/Homeowner (40kW total)
Monthly Electricity Consumption: Approximately 600 kWh/Homeowner (7,200 kWh total)
Electricity Cost: $0.27/kWh
Extra Energy Rate: $.07/kWh
Total System Cost (Without Incentives): $120,000 ($3/W)
Personal Loan:

* Amount: $100,000

e Down Payment: $20,000

» Interest: $5.25

» Period: $15 years

Results

1. Comparison between the monthly electricity demand and PV system output

Monthly Qutput (Base Case)

ccooh I I I I I ' I [ Monthly Energy (dwh)
' [Ioc output (kwh), Monthly

5,000 -

4,500 |- J

4,000 |- 3

3,500 =

3,000 - -

lewiih

2,500 -

2,000 -

1,500 =

1,000 -

Figure H.1: Electricity Demand and PV System Energy Generation
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2. After tax cash flow

After Tax Cash Flow (Personal Loan
Financing Option for a Residential PV
System )

20000
15000
10000

5000 -

Revenues ($)

5000 @ 2 34567 8 91011121314151617181920212223242526
-10000 -
-15000 -
-20000 -+
-25000

Years

Figure H.2: After Tax Cash Flow (Personal Loan/Solar Community)

4. Payback Period

Cummulative Payback Cashflow

300000
250000
200000

ll

150000 III,,,
g ——1 111111
5 T 1 1
st HHE
-soooo n llllll
68 19
-100000 “—1618 59 )
'150000
Year

Figure H.3: Figure 3: Payback Period (Personal Loan/Solar Community)
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Appendix |

Financial Educational Module

Financing Considerations for Rooftop PV in Puerto Rico

University of Puerto Rico-Mayaguez (ECE Department)

UPRM Team: Efrain O'Neill-Carrillo, Agustin Irizarry, Eduardo Ortiz
Students: Luis de Jesus, Armando Figueroa, Israel Ramirez, Vivian Rodriguez,
Arnold X. Irizarry, Ezequiel Vassallo

%///i §ll;el Dnéttf]g;t
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Contents

* Financing Models for Residential & Commercial
Solar PV Systems

= Exploring the Perceived Risks Associated with
Solar PV Systems

" Modeling Financing Structures

>unshot 2

Solar PV Facts

* “The high upfront cost of residential and
commercial PV systems are mostly due to
non-technical factors” —NREL

* The break-even price (PVr=Urtilityr..) of
residential PV varies by more than a factor of
10 in the United States, mostly due by the
differences in incentives and financing
structures

unshot 3
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Traditional Financing Mechanisms

* Traditionally,residential and commercial photovoltaic
systems have been financed through personal loans, home
equity loans, mortgages and cash payments in
combination with federal and state incentives

= By 2010, the total cost of a residential and commercial PV
system in the United States was about $5.7/Wp and
$4.59/Wp,respectively

* For example,a typical residential PV system with an
installed capacity of 4 kW could have an upfront cost of
approximately $22,840, without considering any
incentives.

Modern Financing Mechanisms

" Third party
— The client is relieved from the high upfront and
maintenance responsibilities. In this case, a third
party owns the system and charges the customer
a monthly fee, which is usually less than the
payment of electricity bill.

= PPA

— A price is negotiated based on solar power
generated and the customer to the electric
company sells solar photovoltaic system.

>unsShot 5
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Hybrid Financing Model

= “The hybrid (Morris) model is a financing option by which a
public entity issues a government bond at a low interest
rate and transfers that low-cost capital to a developer in
exchange for a lower PPA price.”

INVERSTORS

BEONDHOLDER

T ==

PUBLIC &
MUNICIPALITY
BUILDINGS

Financing Mechanisms Recap

Financing Home Equity ;
, Cash Other Loan Leasing PPA
Option Loan
Upfiont Cost High Low Low Low Low
sstem s Owner omeowner omeowner omeowner omeowner omeowner
Systems Ov H H H H H
Ongoing
3 None Yes Yes Yes Yes
pavments
stem s Sol Sol
S_}S ens Homeowner Homeowner | Homeowner ot . ol .
maintenance Cooperative Cooperative
Federal Credit Yes Yes Yes No No
Interest
Tax deductions N/A Hietest on No N/A N/A
loan
Up to 20
Term N/A 5-30 years i Up to 20 years | 10-20 years
years
Shot Table: Financing Options (Summary); Adapted from [1] 7
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PV Systems Perceived Risks

= Perceived: The lack of
information regarding,
— the solar PV market

— the insurance related
issues

— the equipment’s life
expectancy time

— The PV system’s ability
to uphold strong
weather conditions

unshot

Real Risk Description
Grid Operational risks: blackouts, balance
Integration of electricity supply, ete.
Project PV project's development risks such

Management &

as price variability, design/permit

Development bureaucracy, etc.
Reliability of PV system's
Hardware
components
) Weather, catastrophic events,
Environmental
opposition, ete.
Changes in government's public

Government

policy

Insurance Considerations

= NREL identified four insurance products
necessary for small scale PV systems

Insurance Product

Description

General Liability

Covers policyholders for death or injury to persons or damage to

property owned by third parties.

Property Risk

Covers damage to or loss of policyholder’s property. Also, itcan

indemnify homeowners of natural catastrophic events.

Coverage indemnifies system owners of the risk of either

Environmental Risk

environmental damage done by their development or pre-existing

damage on the development site.

Business Interruption

Lost sales as a result of the system not being operational and loss
of production-based incentives also resulting from the lack of

electricity production
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Modeling Financing Mechanisms

* The two most popular financing structures for
residential PV systems are the personal loan
and third party leasing
— 4 kW Single Homeowner Residential PV System

— 40 kW Solar Community PV System

>unShot 10

Financing Modeling: Results

Residential and Commercial PV System's Financing Structures
Financino Metric Residential Solar Community (Per Homeowner)
Personal Loan Third Party Lease™ Personal Loan Third Party Lease®
N/A g N/A 2
Payback Period 8 (Down 6 (Down
. Paymeni=0) Payment=0)
Approximate Monthly
; 165 3** 165 3**
ElectricBill S s s s
Approximate Monthly $114 $132 $82 $132
Loan Payment
Aj imate Monthly
pp.ruxlma e. o $51 $33 $83 333
Savings (During Loan)
Appl:onm Mo Momthly $165 %33 $165 833
Savings (After Loan)
* Third party Leasing includes a yearly insurance fee 0f.5% of the total installed PV system cost
** Fixed residential customers fee in Puerto Rico
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Appendix J

Paper presentations evaluated during théEEE International Symposium on Sustainable
Systems and Technology

Participation in thelEEE International Symposium on Sustainable Systems and Technology
(ISSST) Conference in Boston (2012) was a key activity in the prdjécs was an excellent
opportunity to engage with professionals from all over the world iasasech as stakeholder
engagement, PV systems, interconnection issues and financing alsuelsted to the project.

Dr. Efrain O’Neill was able to disseminate part of the pr&geiditial work and get valuable
feedback from sustainability experts. Below a description of sortfeafessions and a summary

of relevant topics for the project.

The following papers below address interconnection and sustainabditgs. It is of utmost
importance the understanding of customer requirements (demand, grofiler quality) in order
to achieve both effective and efficient energy strategieshdrrd@oftop solar challenge project
these facts were included in the discussions with stakeholdeesjadpwith the utility and the
PV installers.

Domestic Load Characterization for Demand-Responsivina Soares, Alvaro Gomes and Carlos
Energy Management Systems Henggeler Antunes

Power Quality Monitoring in Sustainable Energy SystenShahedul Haque Laskar And Sanaullah
Khan

‘Environmentally conscious design of autonomous pow&tephan Benecke, Jana Rueckschloss,
supplies for distributed micro-systems’ Andreas Middendorf, Nils F. Nissen
and Klaus-D. Lang

The water footprint of thermal power production: closingstephan Pfister, Sangwon Suh,
methodological gaps of regionalization and heat emissi®t@mkumar Karuppiah, lan Laurenzi
and Alessandro Faldi
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The papers below present environmental aspects related to Pyhsy#e area not usually
discussed is the recycling of PV panels. In Puerto Ricoiausediscussion shall begin on this
topic, in order to be prepared in the coming decades for the largeersiof used panels. The
papers also present important economic tools to justify an increasedf PV systems. These
ideas were also considered in the socio-economic analysis of the project.

Strengthening the Case for Recycling Photovoltaics: AnMichele Goe and Gabrielle Gaustad
Energy Payback Analysis

Comparative Hazard Assessment of Emerging Daniel Eisenberg, Mengjing Yu, Carl

Photovoltaic Processing Methods Lam, Oladele Ogunseitan and Julie
Schoenung

Recycling Potential of Photovoltaics Modules Annick Anctil and Vasilis Fthenakis

Impact of PV Growth on CO2 emission in the world Kotaro Kawaijiri, Stanley Gershwin,
Tonio Buonassisi and Timothy
Gutowski

A Cost Benefit Trend Analysis of Solar Photovoltaic ~ Qiang Zhai, Xiang Zhao and Chris
Supply for Greenhouse Gas Emission Mitigation of Yuan
Global Automotive Manufacturing

The following papers provide further financing and economic toolsp@¢ial importance to the
project are life cycle analysis (LCA) and the calculatiorfaoitprint. These tools are vital for
Puerto Rico because they represent strong justifications farsthef PV systems in an island
with limited land.

Estimating Impacts & Benefits of Dense Energy Sensin@errick Carlson, H. Scott Matthews
and Mario Bergés

Bounding scenario analysis: a case study of future energgic Williams, Ramzy Kahhat and
demand of China’s steel sector Shinji Kaneko

Beyond life cycle analysis: Using an agent-based Andrew Heairet, Sonika Choudhary,
approach to model the emerging bio-energy industry  Shelie Miller and Ming Xu

Assessing the Sustainability of Renewable Energy Reggie Caudill, Joseph Wright and
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Technologies Jaime Bustamante

Mehdi Noori, Murat Kucukvar and

. . . Omer Tatari
Environmental Footprint Analysis of On-shore and Off-

shore Wind Energy Technologies

The Puerto Rico project was deeply rooted in Stakeholder Engagerhahtswhy it was so
important to keep abreast of current issues and best practitakehader communications and
issues. The papers below give various perspectives that predato the project. Some of the
papers deal with special social or environmental issues and hosvaffested reacted or dealt
with such situations. Relating the PV project to current envirorahamid social issues is an
important way to keep many sectors (e.g., communities, environni@G@k) interested in the
rooftop solar challenge project. Another important aspect discussetisinpaper is the
assessment of the effectiveness of strategies. Such asséstpends on maintaining strong
communications with stakeholders. An interesting idea from the NGi@eh Alliance” is to
develop a report card that can be filled out by stakeholders on various aspects of a project

Can nanotechnology decontaminate water in a morally Rider Foley, Arnim Wiek, Braden Kay
contested context? and Richard Rushforth

Unexpected Outcome by Consumer’s Behavior Kotaro Kawajiri, Tomohiro Tabata and
Tomohiko lhara

Assessing Social Impacts: The Good, the Bad and the Lise Laurin and Melissa Hamilton
Ugly

Cultured Meat: The Systemic Implications of an Carolyn Mattick
Emerging Technology

Durban: Geoengineering as a Response to Cultural LodBrad Allenby
In

Resilience of Urban Water Systems Arka Pandit and John C Crittenden

Infrastructure Ecology: An Integrative Approach toward#rka Pandit, John C. Crittenden,

More Sustainable Urban Systems Hyunju Jeong, Zhongming Lu,
Elizabeth A. Minne, Jean-Ann C.
James, Ming Xu, Steven P. French,
Sangwoo M. Sung, Douglas Noonan,
Marilyn Brown, Reginald DesRoches,
Bert Bras, Miroslav Begovic, Lin-Han
Chiang Hseih and Insu Kim
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Performance of Green Infrastructure for Urban Water Mallory Squier, Pavle Bujanovic, Carli
Management Flynn, Jeremy Tamargo and Cliff
Davidson

ICT Congestion Management Strategy to Promote Urbareganeh Mashayekh, Chris
Environmental Sustainability Hendrickson and Scott Matthews

LEED Certified Residential Brownfield Buildings to Yeganeh Mashayekh, Chris
Promote Transportation Sustainability Hendrickson and Scott Matthews

Life Cycle Dialog—what can better communication up Lise Laurin, Susan Landry, Ray
and down the supply chain achieve for a more sustainablawson, John Malian and Bill
future? (PANEL) Flanagan

131



Improved Permitting and Interconnection Processes
for Rooftop PV Systems in Puerto Rico

Finally, the following papers present dissemination and education experienastinability.
The strategies presented are important in the design of effective stakeimgdgement
activities. For example, the idea of “systems thinking” is akin to “integratethpig”
mentioned for utilities or the “holistic framework” proposed in the project.

Sustainable Wellbeing Education in Engineering Marcel Castro-Sitiriche, Christopher
Papadopoulos, Héctor Huyke and
William Frey

A Model Transdisciplinary Design for Environment Callie Babbitt, Ana Maria Leal and

Curriculum: Blending Perspectives from Industrial and Alex Lobos
Engineering Design

Engineering the Engineer: The Failure of Engineering Braden Allenby and Thomas P. Seager
Education and What To Do About

Systems Thinking for sustainability: Envisioning Trans- Fazleena Badurdeen, Robert Gregory,
disciplinary Transformations in STEM Education Gregory Luhan, Margaret Schroeder,
Leslie Vincent and Dusan Sekulic

Sustainable Green Engineering System Design and  Paul Ranky and Yijun Zheng
Quality Educational Challenges, and Solutions
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Appendix K

PV Market Assessment

Solar Metrics :: N REL

ROOFTOP SOLAR CHALLENGE & ~# Tl

Home Application Reports Analysis

Home efrainoneill@gmail.com
Help « My Account « Logout

Puerto Rico Reports for Year

Here you can access submitted reports and see scores by year.

Reporting Year: | 2013

«

Overall Team Score: 448 112013 Full Report
L Team Documents

Jurisdictions Score
Aggregated Across All AHJs 448 & Report
Section 1: Permitting Process 230.0
Section 2: Interconnection Process 50.0
Section 3: Enabling Financing Options 40.0
Section 4: Siting, Planning and Zoning 4380
Section 5: NNEC: Net Metering 80.0
Section 6: NNEC: Interconnection 0.0
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Appendix L
Proof-of-concept software to expedite PV application processes

The UPRM team completed a proof-of-concept, integrated on-lisierayto ease and
streamline PV permitting and interconnection processes. FiglrsHows the interface that a
PV installer would use to enter the system. The actual ¢lento authorize the installer to enter
the required personal information. If a client authorizes a thiry pais way, the client will be
given access to his case to check on the status of the applicatibakscreens were created on
MS Access, but later transferred to Sharepoint.

—
L

- - .

Log-in

Figure L.1: PV Installer Login Window

There is an option for a user to begin a new case or enter intwisdimge case. For
example, a user might be entering data for a new caseit sacereturn to finish it later. A user
might also enter an existing case to check on the status alpgiieations. One of the main
advantages of the proposed system is the capability it would giweaintain a record of all
rooftop PV systems in Puerto Rico. Currently such database erigtat PREPA, but not with
the detail this project’s database would offer. Figure L.2 shows hevdatabase might look.
Another benefit of this effort is that for the first timehalistic approach is taken to study and
propose changes to rooftop PV processes in Puerto Rico. For exampherkifiew did not
exist before this project. The integrated system was basedavsaPint, as well as the PREAA
functions.

SharePoint: Integrated System

A SharePoint site was created to allow users to enter tbemafion needed to fill the
various forms. The SharePoint programs are only installed in tilers®nce the users get
access, they only need internet service and a web browser theusated and enter their
information. Users only need Adobe PDF and MS Word to read documenke &erver the
Operating System used was Windows Server 2008 R2. There arepseimegjuisite steps that
need to be followed but only in the server and by the persons in obiatige system (not the
users). Once the SharePoint Server was installed, a Publisléng& created. SharePoint is
used in many companies as an Intranet, but in this case tmesids to be public so that it can
be accessed from anywhere. The site is password protected.aM@ne tries to enter the site,
it asks for a username and a password. After the user émtenrasquired data, the system checks
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for completeness, fill and submit all needed documents and appisakigure L.3 shows the
input screen for a new case. There is a screen for logiedhn of the user-agencies. Each

relevant agency (PREAA, OGPe, PREPA) would have accounts that wiowdteem to work
their part of the process.

B = Home - permisos
* C A 136145116371

ReadNaw 4 eiex (7 Marta [l Web Fundamentais .. [ ProyectoDOE | Medicion Net2 @ Blctronic Documen.. @ wwwmetrnimtered., (5 Cmo emvisunfor,, () itegrate nfofash P [ Mas Efect 3 Extenl.

_ SharePointz010 permisos

T

ROOFTOP SOLAR CHALLENGE

Start Date: Immediately

o B & 2[@ i8] 7|

Figure L.3: Example of a SharePoint Data Entry Screen

Once information is entered, it is checked for completeness and adéd dut the
PREPA forms. Standardized mechanisms and forms for permétidginterconnection were
developed. This includes the creation and testing of all the functteited to permitting and
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interconnection process. During July 2012 emphasis was given to \thmmlaent of on-line
applications for PREPA procedures.

The main parts of the integrated web-based framework were dechpheSharePoint. A
timestamp is used to mark the end of the user input phase. TNes sarthe initial step in time-
tracking of the PV permitting processes, a tool that currently does not existia Rig®.

The system checks for completeness of the information entered. Aih isnsent to
PREPA informing of a new case for revision. The user from PRERAeceive the email, will
be able to enter to the site and see the information (form/pdiihedy and decide if approval is
given, or more information is needed. Part of that process within B#iatas shown in Figure
L.4.

If PREPA approves the case, another time-stamp will save tbetdeds approved. The
client will receive an email with the decision. Negative siecis are also sent to the client.
Standardized PREPA forms are available electronically.

Step 1

Collect Infao from YMAIN-OTFURSREISPYAdministrator (Output to Wariable: Client info )

then Settirne as 00 : 00 for Today (Output to Wariable: Info send )

then Start Approwal process on Current e with MIN-OTFUBSREISPYadministrator, MM -OTFUBIRAISP prepa

then Settirne as 00 @ 00 for Today (Qutput to Wariable: approwal started )
Step 2

Wifait for Approval Status to equal FApproved

then Settirne as 00 00 for Today (Qutput to YWariable: date approved )

then Email these users

Figure L.4: SharePoint functions related to PREPA revision of a case

The timestamp instruction was revised to make sure it would feoi¥l steps that need
to be tracked (see Figure L.5). Once the information is submiltedapproval process begins.
The Approver, in this case PREPA receives an email. The @lsatgets an email indicating
that the information was received).

As the case goes through the various phases of the process, theceses status reports via
email. The Approver can write a comment and Approve, Reject or iBeakssk. If PREPA
approves, the status is updated. If the Reassign function is used, lthe@avereates a request
(for example, ask for a corrected document).
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Step 1

Settirme as 00 : 00 for Today (Qutput to Wariable: dateSend )

then Start Approwval (8) process on Current Tkern with prepa; MIN-OTFUBSREISPYadministrator

then Email these users j

Figure L.5: Timestamp Instruction

When the interconnection is finally approved, the client receivesnteeconnection
contract for it to be digitally signed (see Figure L.6).

Step 1
Set tirme as 00 @ 00 for Today (Output to YWariable: dateSend ) .Deﬁne E-mail Message [2]=]
then Start Approval (6) process on Current Trern with prepa; 14, ICurrent Ttem: Created By ml
then Email Current Itern:Created By o | ml
then Email MM -OTFLBSRAISM Y preps: WIN-OTFUBSRAISMS Subject: ICase Approved | ﬁ,l
ITahoma jlm T Bz |U| W auomatic j 2,
Step 2 The Case has been Approved.|
If Current Itermidpproval Status equals I#Approved
Ermail these users
Add or Change Lackup | Ok I Cancel

Figure L.6: Confirmation email for client approving interconnection

Figure L.7 shows an image of the completed workflow. With the AppranddRejected
options, timestamps in every step and email notification to tlemtchfter every phase is
completed. This is the workflow information; the workflow history fopaaticular case can be
seen. The “item” named “Israel Ramirez” was the namihefcase created. In the “Status:” it
can be seen that it is in progress. In “Tasks” it can be &e¢rhis is an Approval Process for
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PREPL. The approval tasks have not been started as seen in tle Isthis no due date,
because none was entered in the testing process.

In the workflow history the events of the workflow can be seen inldetahis case, there are
two errors in the workflow which are email errors. The systbows an error since the recipient
did not have an email address in the system at the time of taking this image.

On November 2012 UPRM worked on integrating suggestions from the Sumtmnibhe web-
based system and began preparing to for final implementation ovghdased system on a
government’s computer server. UPRM also evaluated what should be thatuthe project’s
website to improve its value to stakeholders:

* Should have a list of modules that qualify for the state’s rebaigrgon and a list of
qualifying inverters. Should also have a feature to find installers in the area.
* Should include links to free web-based model estimators:
o Clean Power Estimator — A PV system sizing model
o PVWATTS - from NREL. Calculates electrical energy pragbérom a grid-
connected PV system.
o Find Solar — the site has energy calculators for photovoltaic systems
o Inthe DOE’s Building Technology web site there is a lisre&fand available for
purchase energy models.

Figure L.8 shows an Android application created for the project. {bokis available at:
http://prsolar.ece.uprm.edu/resources.html This will complement the web-based system and
help improving the application process of PV systems in Puerto Rite.was not originally
proposed, but undergraduate student collaborators were able to complete it for the projec

During January 2013 migration of the software system to servibieauerto Rico Industrial
Development Company (PRIDCO) began, and the upload to a PRIDCO server vpéetedon

February 2013. PRIDCO is a “sister agency” of PREAA, botlinéalwithin the Economic
Development and Commerce Department. Figures L.9-L.15 show some fofahscreens of
the on-line system.
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Workflow Information

Initiator: WIN-QTFUBSRAISP\AdDministratar
Started: 0/18/2012 11:29 AM
Last run: 9/18/2012 11:29 AM

o Add or update assignees of Approval (&)
o Cancel all Approval {6) tasks
o Update active tasks of Approval (6)

o Terrninate this workflow now,

Tasks

[ Assigned To

WIN-QTFUBSREISPYWPRERPA

Workflow History

[T Date Occurred Event Type
2/18/2012 11:29 AM Errar
9/18/2012 11:29 AM workflow Initiated
9/18/2012 11:29 AM Task Created
9/18/2012 11:29 AM Error

Item: Israzl Ramirez

Status: In Prograess

Title

Approval Procoess ¢

User ID
Systern Account
WIN-QTFUBSREISPYAdministrator
WIN-QTFUBSREISPYAdministrator

Systemn Account
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for Rooftop PV Systems in Puerto Rico

Tasks
Due Date Status Related Content

Mot Started Israel Ramirez

Description

The e-mail message cannot be sent, Make sure the e-mail has a valid recipient,
Appraval (6) was started, Participants: WIN-QTFUBSREISPAVPREPA

Task created for WIN-QTFUBSRAISPYPREPA,. Due by Mone

The e-mail message cannot be sent, Make sure the outgoing e-mail settings for the server are configured correctly,

Figure L.7: Workflow implemented in SharePoint

@ solicitud AEE

Yy

Case ID: :

th TR

ROOFTOP SOLAR CHALLENGE

Informacion del solicitante

Nombre:

# de cuenta AEE

Teléfono:

Fax:

Email:

Direccion Postal

@ solicitud AEE

Informacion del Generador/Inversor
Cantidad de Generadores:
Tipo de Tecnologia
Fotovoltaico
Tipo de Generador:
Sincrénico
Induccion

Basado en Inversor

Otro:

Figure L.8: User Input from an Android Application
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~SunShot

.S, Department of Energ

Cite Actions » B2 B WERIRCE Faoe  Publish

Home

Status: Checked out and editable. Publication Start Date: Immediately

Hmh =

ROOFTOP SOLAR CHAL[EN_E_E

A national effort to make clean solar elactricity cost-effective
for your community.

Content Editor
Sign Up

LogIn

Figure L.9: Login Screen

Informacion de la Propiedad:

Direccion Fisica *
AEE Nurnero de * Murnerno de

Cuenta Medidor

Tipo de Operacidn en Paralelo j Tipo [de Persona) Persaona luridica [Organizacion) ﬂ
interconexion

solicitada

Organizacidn

Modulo Fotovoltaico Equipo 1 j
a Utilizar
Inversora ;I
Utilizar

dTiene Bateria? ;I

Figure L.10: User Input Screen

Modulo Fotovoltaico Modulo Fotovaltaico 1 j
a Utilizar Equipo 1
Maodulo Fotovaltaico 1
IFversor a Madulo Fotovaltaico 2
tilizar Modulo Fotovaoltaico 3
Modulo Fotovaoltaico 4
iTiene Bateriat -

Figure L.11: Drop Down Menu to Select the Type of PV Modules to be Used
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Maodul o Fotovoltaico Otro j
a Utilizar

Informacion de Modulo Fotovoltaico a Certiticar:

Marca [a certificar]
Modelo (& certificar)
Garantia

10 afios (Potencia)

Potencia

Seguridad

Iarca [ainstalarse)

Capacidad NTC de

Potencia Mominal
Disrmensiones
Manufactura
20 afios (Potencial

Nurnero de
Certificacion [Patencia)

Numero de
Certificacion
[seguridad)

Moaodelo (& instalarse]

Cantidad de Modulos

Modulo
Inversor a =l
Utilizar

iTiene Bateria? =l

Figure L.12: User input screen for uncertified PV Modules

é win-gtfubSréjsp)mypersonallprepaldefault, asps

|2} Mast visited | | Eetting Started

Site Actions -

WIN-QTFUBSREISPAPREPA » My Content

Autaridod de Energia Elécinca

Pages Content Editor
PREF& Interconection MEW CASES
Farrm

PREFA Met Metering

Forrm CASES STATUS

& Recycle Bin

2 all site Content

Figure L.13: Login Screen for Utility Personnel assigned to evaluat@®m=ybplications
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6 ﬁ win-qtfubSraisp/my personalloope/defaulk, asps

|2 Most Wisited | | Getting Started

Pages Content Editar

QGPE Equiprnent Farm Mew Cases

QGPE Installation Form Existing Cases

i}

Recycle Bin

[

= Al Site Content

Figure L.14: Login Screen for OGPe (permitting) Personnel assigredhtuate on-line
applications
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OGPe

SOLICITUD DE CERTIFICACION DE INSTALACION DE SISTEMAS FOTONVOLTAICO

Caso D Select... j

Infarmacidn del Sistema

Fecha de nstalacidn Costo de Equipo &
instalacidn

Locqlizacion de instalacion

Warmero de Catastro Calificacion
MWovnbre drganizacion
Direccidn Fisica

Telefona Ernail

Modulos Fotovaltaicos

Marca Modelo

Capacidad WTC de Modula Cantidad de Modulos
Inversores

harca Modelo

Capacidad Marminal Cantidad de lnversores

Controladores de Carga

Marca Modelo

Capacidad Mominal Cantidad

Baterias

Marca Modelo

Voltaje Capacidad Cantidad

de Baterias

Figure L.15: Example of the OGPe Form that users fill out and submit on-linestalied
system certification
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Appendix M

Overview of project deliverables

A. Powerpoint Presentations during Focus Group and Small Group Meetings:

= A. Kick-off activities (May 29 and May &, 2012), focus group presentations (May 30-
31, June 19-20, 2012).

= Small group meetings on processes and standards

— July 12", 2012, Mayagiiez; July 132012, PREAA
= Focus group meetings on financing

— July 18", 2012, August 28 2012, Mayagiiez

— July 19", 2012, PREAA
= Small group meetings on financing

— September 28 2012, Mayagiiez; Septembef"22012, PREAA
= Focus group meetings on planning and zoning

— September 18 2012, Mayagiiez; Septembef"12012, PREAA
= Small group meetings on processes and standards

— July 12", 2012, Mayagiiez; July 132012, PREAA
= Focus group meetings on financing

— July 18", 2012, August 28 2012, Mayagiiez

— July 19", 2012, PREAA
= Small group meetings on financing

— September 28 2012, Mayagiiez; Septembef"22012, PREAA
= Focus group meetings on planning and zoning

— September 18 2012, Mayagiiez; Septembef"12012, PREAA
= PV Summits of October 18(Rincon) and October $4Caguas)
= Small group meetings on planning and zoning

— January 2% and 3% 2013, Mayagiiez and PREAA

= Large group meeting presentation (Rincon), Feb. 6, 2013
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= Brochure with general information (Appendix F).

= Book with general information on PV Systems and the project’s recommendation (some
printed copies, but available from the project’'s website).

= Graduate class presentation, March 2013, INEL 6025 UPRM (Dr. Agustin Irizarry)
= Radio program on PV systems and financing (Armando Irizarry), March 2013.

= Presentation to the PR State Society of Professional Engineers, March 2013.

= Presentation to the PR Electrical Contractors Association, April 2013.

Slides available in the project’s website.

B. Project Website: http://prsolar.ece.uprm.edu

C. The focus group meetings allowed the UPRM team to reach out to diverse PV stakeholde
groups. This was extremely helpful not only in disseminating the project ideasdiut gktting
active participation and collaboration in the project. Other outreach activitiesle:

TV Interview for UPRM'’s program “Foro Colegial” December 2012.

http://www.uprm.edu/portada/article.php?id=2405

http://www.youtube.com/watch?v=xWtMLjDhbfY

NREL’s Spot on Awardee (Appendix E)

F. On-line system for PV permitting in Puerto Rico uploaded to a server of the Ricy
Industrial Development Corporation (PRIDCO).
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A plan to transform the rooftop photovoltaic (PV)
market in Puerto Rico through a standardized

framework, based on streamlined permitting and
interconnection processes, for the safe and fast

deployment of residential and small commercial PV
systems.
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