DESIGN OF A MORE RELIABLE POWER GRID FOR PUERTO RICO
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Our Design

* Generation
o Introduction of large-scale natural gas power through added port and pipeline
* Transmission
o Updated Transmission Structures, added transmission line pathways
* Microgrid Implementation
o Installing independent microgrids
* Renewable Energy
o Large-Scale and Distributed Solar and Wind energy paired with energy storage
measures and back-up natural gas turbines
 Economics and Policies
o Recommending updated environmental policies and energy costs

Other Requirements: Feasible, Reasonable Budget. Built to Category 4 Storm Standards.
Operating in Puerto Rican Climate with natural disaster history.

Microgrid Implementation

Microgrid Implementation
* Proposing 159 independent microgrids across
the island with 15,000-20,000 consumers per
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o San Juan (population = 355,000):
Approximately 25 grids
o Smaller Cities/Rural Cities (ex:
Manati, population = 16,000): 1
grid
* Microgrids centered around crucial loads
(hospitals, police departments, etc.) and high .
population centers.
 Two roles: connected to main grid (supporting),

Energy Storage

supplying power for connected community
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o Rebuild LNG ship =~ S8B
* Construct LNG pipeline from Roosevelt Roads

https://spectrum.ieee.org/energy/policy/rebuilding-puerto-ricos-power-grid-the-inside-story
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https://www.governor.ny.gov/sites/governor.ny.gov/files/atoms/files/PRERWG_Report_PR_Grid_Resiliency_Report.pdf

e Prioritizing Rural areas (150,000 consumers)
PREPA aims for 30% consumption in storage
o Rural consuption = 2309988
kWh/day
Using 100kWh batteries @ industry average
S209/kWh, investment of S468 million
o Lithium ion battery pricing
expected to drop by 50+%,
wait for urban areas.

GLOBAL HORIZONTAL IRRADIATION
PUERTO RICO

Renewable Energy

Distributed Solar Energy

* Prioritizing Rural areas P

* Ground Mounted Systems S5-8 thousand for 5kW.
Allows for low maintenance and easy installation.

Average annual sum of GHI, period 1999-2016
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but a fraction of the cost. |
Large-Scale Solar Energy N

* Existing: 5 privately owned solar farms totaling
approximately 120MW
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* Proposing 50MW fixed-tilt rooftop solar in San Juan L Al

Wind Energy ——

 Maximum capacity expected 7 months per year, with

Transmission
 Adding resiliency by constructing 4th

Transmission Loop (shown in black)
* Extensive repair of downed poles and lines
o Installing monopoles vs.

Lattice Structures
115V — 230KV Transmission Lines -

Monopole designs generally performed better than lattice tower designs.

Source: NYPA/Con Edison Damage Assessments

function year-round
30 MW On-Shore Turbines @ S3000/kW
e 10MW Off-Shore Turbines @ $10,000/kW

O

o Shallow continental shelf off San Juan
very suitable for turbines installed at a
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— 1 Poor 0- 200 09- 59 99-132 | The annual wi estimates for this
2 Marginal  200- 300 59-68  132-152
3 Fair 300- 400 68-75  152-168 | Mapwere prod WS Truewind
4 Good 400~ 500 75.80  168-179 using their Mesomap system and historical
5 Excellent  500- 600 80-85  179-190 | weatherdata. Ithas been validated with
2Wind speeds are based on

ulk of 25 at sea leve wind energy meteorological consultants. National Renewable Energy
https://windexchange.energy.gov/maps-data/328

Cost of Proposal

Economics and Policies Title Cost (millions) Details
* Increase cost of electricity to closer match Generation — Misc. Upgrades $1,700 Storm Hardening, Facility Repairs
Caribbean average Generation - Natural Gas S2,600 Dual-fired F-class machines at Palo Seco and
Current Proposed Generation San Juan
A Residential [21.17 ¢/kWh [26.17 ¢/kWh Generation - Natural Gas 5272 40 mile pipeline at U.S. average pricing
i A P e v A Sy i Industrial  |19.78 ¢/kWh |24.78 c/kWh Pipeline including installation, labor, right of way, and
Commercial [24.32 ¢/kWh [29.32 ¢/kWh miscellaneous expenditures
. Encourage natural gas contracts now while Gener.?c.tlon. - Natural Gas S8,000 Repurposec?l LNG Floating Regasification and
Test Pla N orices are low Regasification Port Storage Unit
+  Each component of plan tested for e Subsidies to Critical Loads to reduce losses Transmission — Misc. $7,050 Transmission Infrastructure Upgrades,
feasibility, budget, and reliability and promote cognizant energy use Upgrades Substation Upgrades, Storm Hardening,
. I\/Iicrogrid’design a;nd testing * Right-Of-Way Maintenance: Increase Transmission Additions
o Migrogrid Design Tool maintenance budget from $17.1 million to Renewable Energy - Solar $297 50MW fixed-tilt solar investment and
(MDT), DER-CAM, OpenDSS S50 million. 140 foot ROW clearance for installation
Gridlab-D 230KV lines. | Renewable Energy - Wind S190 40MW combined on and offshore wind
» Comparing Puerto Rico’s solution options o Environmental: Plant 1 tree turbine investment and installation
to solutions around the world PET eaci'h tr.ee FRMmEYER e Renewable Energy - Energy  S468 Lithium lon batteries for Rural Populations at
o Energy storage in Australia, . S ROW C ear|r|1g 4 wat Storage $209/kWh
: : :  Repeal Policy requiring solar-powered water
Solar in Dubai, Natural Gas in hegtin y req 5 P Total $20,577
the United States, etc. 5
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