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Puerto Rico Energy Public Policy

Act 17 2019 requires PREPA to
procure the following portions of
its power needs through
renewable energy:
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PR100 Seeks To Answer e

These Complex Questions

* What are the pathways to achieving Puerto Rico’s 100% renewable
energy target by 20507?

* Does reaching 100% mean big changes locally—like building new
transmission lines?

* If Puerto Ricans adopt energy technologies like electric vehicles (EVs)
and expand air-conditioning, how might that change total demand for
electricity?

* How can Puerto Rico assure that the new system is reliable during
extreme weather events?

 What are the impacts on jobs and the local economy?

 What needs to be done to support an equitable energy transition for all
Puerto Ricans?

* What might this all cost?

* And what investments and actions are needed in the near term to
enable Puerto Rico’s long-term objectives?
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Phases of Puerto Rico 100% o
Renewable Energy Study

1 l@\ Responsive Stakeholder Engagement and Energy Justice

« Stakeholder engagement inclusive of procedural justice
« Energy justice and climate risk assessment

4 5l

Impacts Modeling
2 ma, Data Gathering 3 I; and Analysis 5 E%j Reports,

and Generation . . » Bulk analysis for Viﬁuﬂlhatiﬂni
Scenario Generation enha esilience and Outreach
+ Resource potential and and Capacity Evaluation -
demand projections )
(solar, wind, hydro) + Detailed scenario generation

« Scenarios for grid

analysis o o
. resilience and 100%

« Distributed PV and storage + Economic impacts renewable E|ECtI'iEi[“|I'
- tor Puerto Rico

Demand projections _
and adoption of DER grid capaci
{considering load, . Production anc Reports and
|:1""I5-- energy Efﬁcir—'”c}'- resource adequacy outreach
distributed PV and

storage) Implementation

roadmap
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Utility-Scale Solar PV Development Potential e
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https://www.nrel.gov/docs/fy20osti/75548.pdf
https://www.nrel.gov/docs/fy21osti/75524.pdf

ES

Residential Rooftop Solar Potential \ e
by County

Distributed PV resource exceeds 20 GW of capacity potential
Generation Potential (GWhlyear)

—which also exceeds the current generation in Puerto Rico. I 17

[ 79.00- 162220
I 162.20-322.99
I 322.99 - 655.24
I 655.24 - 1093.59
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Demand Impacts

@ The electric usage on the island from estimates in the 2019 IRP.

‘ The electric usage will be reduced by energy efficiency improvements.

f The electric usage will be increased by modeled electric vehicle adoption.

‘ The electric usage will be reduced by adoption of distributed solar and storage.

€@ The remaining (net) electric usage will be met by large solar, wind and other RE sources.




Scenario Modeling: What Is a Scenariox (s | @

A scenario is a possible pathway toward a clean energy future driven

by a set of inputs.
Variable Scenario Inputs (examples):

Energy Demand

100 How will demand for electricity change
< over time?
E ® Renewable Energy Generation % - Economic inputs
E _ _ - Expected energy efficiency and EV adoption
.;n m Fossil Fuel Generation % - Value of backup power
G
Q@
ug Energy Supply
X How will demand be met with 100%

renewable energy?

- Distributed solar and storage
- Large scale solar, wind, etc.
Years 2040 Jos0 - Public Policy (like Act 17)
- Resiliency requirements

- Transmission cost

2035




Summary of Example

Scenarios

System cost vs. Resilience
* Expectation: Full resilience at the building level will be
more expensive than larger plants with transmission
e System cost vs. Full RE goal
* Expectation: It will be cheaper to get to 90% clean
energy than 100%
* Local control vs. Lower cost (utility scale)

* Land use constraints vs. more large-scale renewables

 More Jobs vs. Cheaper technology
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Impact Analysis: Weather to Grid Consequences R el
Transmission & Distribution & Community
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Pacific Northwest
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Electrical Grid Resilience and Assessment Dynamic Contingency Analysis Tool (DCAT)
System (EGRASS) - Dynamic cascading failure analysis
- Infrastructure probability of failure - Vulnerability with multiple N-k sequences
- Monte Carlo generation of N-k sequences
 EGRASS-DCAT used for Puerto Rico

— Resilience evaluation of new generation scenarios

— Scenarios comparing underground versus overhead transmission resilience

* DCAT applied to Texas, Western and Eastern Interconnections




DCAT Appl|cat|0n lllustrative Example m@ﬁi

(Not actual Maria)
. o Conti 5
PacificNorthwest {0 Puerto Rico P  ontingency 4

Contingency 3

* Large amount of results data

* 78,000+ contingencies on component failure
analysis

Contingency 2

* Hurricane scenarios — time sequence of
contingencies

* Deriving recommendations
* Priority transmission assets
* Transmission hardening
* Protection coordination
* Voltage support
* Preventive operational actions
* High solar scenarios

Full blackout " Scenario 1: blackout
Developing DCAT capabilities for efficient 31 ctg
planning and operation for upcoming hurricanes 4——
M Elizondo, X Fan, S Davis, B Vyakaranam, E Barrett, S Newman, P Royer, P H .
Etingov, A Thaileh, H Wang, U Agrawal, W Du, P Weidert, D Lewis, T Franklin, N Scena ro 2 :
Samaan, YV Makarov, J Dagle. Risk-Based Dynamic Contingency Analysis Applied Syste m survives: + Ha rdenin g

to Puerto Rico Electric Infrastructure. PNNL-29985. Richland, WA, Pacific

Northwest National Laboratory, May 2020 - Violations 230kV corridor
https://www.osti.gov/biblio/1771798
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\7/ Puerto Rico lllustrative Example: \ . il

Pacific Northwest

Scenario 1 — No Hardening nor Corrective Actions




7 Puerto Rico lllustrative Example:

Pacificorthwest  Scenario 2 — Hardening Only




Distribution System Analysis

* Resilience benefits under the 100%
renewables scenarios, including
opportunities for microgrid formation

» Strategies for changes to operating
strategies, controls, or infrastructure to
enable higher renewable capacity

* Comparison of system resilience to more
common faults and more rare natural
disasters with traditional generation versus
equivalent amounts of DERs with effective Eo i o ahs N
distribution-level control strategies ST NS

Distribution Graph
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Economic Impact

* With a schedule of customer/sector level rates in hand, as well as the
macroeconomic impacts, PREPA, LUMA, and policymakers will have a
more informed picture of the economic implications associated with
different approaches to meeting energy goals. IRPs typically do not
directly include retail rate or macroeconomic impacts.

* Estimated net and gross impacts on earnings, jobs, and GDP
presented to AG to determine how a reliable, resilient, and clean grid
can help provide economic stability for Puerto Rico
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Project Timeline

Four Initial Scenarios Three Feasible Scenarios Final Scenarios
12 24

6
Months ’ Months ’ Months }

Responsive Stakeholder Engagement and Energy Justice (01-08)

Impact Modeling and Anaysis (03-08)

Mov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct  Nov
21 21 22 22 22 22 22 22 22 22 22 22 22 22 23 23 23 23 23 23 23 23 23 23 23

Key Outputs:

* Four initial scenarios to achieve Puerto Rico goals

* Three feasible scenarios with high-level pathways, refined from the original four

* Comprehensive report and associated outreach materials by end of year 2, including workshops, web-based communications, and
immersive visualizations, presenting the results of the component tasks and describing possible scenarios.
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Questions?

NREL/PR-5D00-82864

Thank you

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by the
U.S. Department of Energy Grid Modernization Laboratory Consortium. The views expressed in the article do not
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher,
by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up,

irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for U.S.
Government purposes.
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