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NOTE: This template is a work in progress. When in doubt, please consult the project plan
assignment document and associated grading rubric.

1 Introduction

1.1 ACKNOWLEDGEMENT

If a client, an organization, or an individual has contributed or will contribute significant assistance
in the form of technical advice, equipment, financial aid, etc, an acknowledgement of this
contribution shall be included in a separate section of the project plan.

1.2 PROBLEM AND PROJECT STATEMENT

Over 80% of Puerto Rico’s power grid was recently destroyed in hurricanes Irma and
Maria. However, even before these storms ravaged the electric utilities on the island
country, a lack of maintenance and upgrades under unstable and underfunded PREPA
leadership led to a grid susceptible to collapse, with many natives citing downed power
lines and power outages as a normal occurrence. As a design team, we aim to design a
power grid for Puerto Rico that is more reliable and makes maintenance easy and possible
should other natural disasters occur.

Our proposed solution encompasses every area of the country’s current electrical utility
system, including but not limited to upgraded generation stations, transmission lines, and
utility poles. We will also assess the economic impact of redesigning the electric grid
through costs, jobs created, and the asset of creating a safe, reliable power grid for the
country.

1.3 OPERATIONAL ENVIRONMENT

The proposed design will be exposed to rain, severe tropical storms and hurricanes, and
temperatures averaging between 61'F and 8o F, with maximum and minimum
temperatures of over 100 F and below 40°F, respectively. The main consideration for this
project design is creating an energy system robust enough to handle tropical storms,
hurricanes, and other natural disasters when paired with proper maintenance.
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1.4 INTENDED Uskrs AND USES

The intended users of this plan include utility companies and legislators in Puerto Rico.
This proposed solution will combine research, grid design, economic suggestions, and
additional area improvements to revamp Puerto Rico’s energy market.

Firstly, this plan will discuss the economic market surrounding electric utility in Puerto
Rico. The suggested changes aim to change the way utilities are subsidized in turn
generating revenue and cutting losses for the current bankrupt system.

Secondly, the proposed solution will discuss the redesign of the current power grid. This
outline introduces solutions such as interconnected microgrids, the addition of solar and
wind resources, added energy storage, and addition of other resources such as a natural
gas deliquification plant.

1.5 ASSUMPTIONS AND LIMITATIONS

Assumptions:

Current political policies and procedures will not be taken into consideration within this
proposal.

Population measurements will be approximated using the most recent census data.

Limitations:
This power grid redesign must fall under feasible budgetary limitations.

This power grid must withstand temperature swings and severe weather common in
Puerto Rico.

This power grid will be tested by virtual means only.

1.6 ExpPrEcTED END PRODUCT AND DELIVERABLES

The end proposed power plan will provide a solution in two sections: an economic
redesign and a physical redesign.
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The physical redesign will encompass the entirety of the country and discuss the current
grid and generation systems. From this basis, the proposal will suggest the addition of
solutions such as wind and solar resources, increased energy storage, interconnecting
microgrids, and the addition of other energy sources such as gas turbines or a natural gas
deliquification plant. The grid shall be designed with natural disasters in mind with
components that can withstand severe weather.

The economic redesign will propose solutions related to subsidization of utilities in the
commercial, industrial, and residential sectors. The cost and price of energy will be
discussed and a solution related to these findings will be presented. This economic report
will also encompass the costs and profits associated with installation of new physical
energy components such as solar and wind farms, gas turbines or a natural gas
deliquification plant.

The combined written report encompassing the economic and physical redesign of the
power system in Puerto Rico will be delivered by December of 2018.

2. Specifications and Analysis

2.1 Prorosep DESIGN

This proposed design encompasses two main areas: a technical proposal and an economic
proposal. Throughout our design process, we've discussed many possible solutions and
strategies that could be used.

One big decision we had to make was the focus of our project - would we be proposing a
realistic solution that could be implemented immediately, or propose a ‘best case’ scenario
with up and coming technologies like solar roads and removable turbines. Upon
discussion with our advisor, we decided to take the approach of a realistic and
economically feasible option that would best benefit the current financial and physical
turmoil in the country’s power sector

After this was decided, we began to plan the main areas to focus our sights on in terms of
the redesign. On the technical side, the main areas we focussed on were renewable energy
and energy storage, power generation and distribution, interconnectivity and microgrid
implementation, and the introduction of gas turbines and a natural gas deliquification
plant.

Renewable energy has already begun to be implemented in the country, with over 7 wind
or solar fields already in place °. Upon researching the solar irradiance throughout Puerto
Rico, it has been decided that the southernmost coast and possible locations on the
northern coast are the most viable for solar installations.
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Figure 1: “Photovoltaic Power Potential - Puerto Rico.” Solargis, 2017,
solargis.com/maps-and-gis-data/download/puerto-rico.

As far as wind power goes, there is some conflicting information. For example, many wind
power sources show the only economically viable options for installing wind farms to be
offshore. However, other research has shown that the high, mountainous region in the
center of the country may provide a constant enough supply of wind to provide a reliable
source for power. For example, in 2016, two wind farms, including a facility at Santa Isabel
which is the largest wind farm in the Caribbean, generated half of Puerto Rico’s renewable
energy.’
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Figure 2: “Puerto Rico and U.S. Virgin Islands - 5om Wind Power.” U.S. Department of
Energy - National Renewable Energy Laboratory, 19 June 2007.

Energy storage, specifically for the renewable energy plants, will be a big factor in
determining how much renewable energy is the ‘right’ amount to implement in terms of
financial investment and reliability of power. For example, AES, who also runs some
privately owned power generation facilities in Puerto Rico, has donated 6MW batteries to
supplement the large-scale solar fields already installed * .Other companies from around
the world who are leaders in the energy storage company such as Tesla, Sonnen, and
Tabuchi America have also donated time and money to the rebuild surrounding the grid.
These donations help weigh down the cost of purchasing energy storage on its own, but
purchasing enough energy storage to manage the installed renewable energy output is a
large investment to make. AES has calculated that introducing 2.5GW of 10-hour battery
storage could be sufficient, but other sources have argued the renewable power generation
is too unreliable to ensure this amount would be sufficient.

A main focus of this plan to reiterate - this plan is NOT proposing a solely renewable
energy-based design. While renewables are a great option, the lack of technology in the
energy storage area combined with non-constant solar and wind resources and high initial
and upkeep costs associated with renewable plants leaves traditional natural gas and other
fossil fuels still a very stable and economically viable solution while the country works to
rebuild its shattered power industry.

Puerto Rico has no natural gas reserves, so the country relies solely on imports to utilize
this effective resource. On average, Puerto Rico imports 55 billion cubic feet of natural gas
each year, mainly from Trinidad and Tobago. Furthermore, the only sector that uses
natural gas is electric generation, and PREPA has plans in place to “add more natural-gas
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fired generating capability”. Currently, of the 5.37GW of generation plants in Puerto Rico,
only one 510 MW plant owned by Gas Natural Fenosa located in Pefiuelas is fueled by
natural gas. “Nearly all natural gas is imported as liquified natural gas (LNG) through the
Pefuelas terminal and regasification facility at Guayanilla Bay on the southwestern coast.”
There has been a discussion of creating a pipeline to distribute this oil from the south
coast to the north coast, but due to the mountainous region dividing the nation, the plan
was discontinued, so currently a truck-loading facility allows the natural gas to be
transported. ”

There has also been discussion of constructing a floating natural gas deliquification plant.
Approved by the U.S. Federal Energy Regulatory Commission (FERC) in 2015, the plant
would be “four miles offshore from the Aguirre generating station on the southern coast™.
Discussions are also beginning about the construction of a second plant and storage
terminal on the north shore of an island, but no proposals have been submitted.

This proposal will continue with the current progress in constructing a natural gas
deliquification plant, considering construction costs, transportation to the north coast,
import costs, and various other variables.

As far as interconnectivity goes, the majority of research has shown very few stable
connections between both towns and generation facilities. Our proposal includes adding
transmission lines from town to town as well from multiple towns to each generation
statement. Even before Maria, which made landfall in late September 2018, Puerto Rico’s
citizens often experienced blackouts, some widespread. For example, in 2016, the entire
island experienced a 3-day total blackout after a fire in one of the plants.® Other statistics
show Puerto Ricans suffer 4-5x more blackouts than the average American.® This can
partially be attributed to the lack of interconnectivity and microgrids throughout the
island. By connecting various plants and locations, should a line or substation
malfunction, the remaining lines can still provide energy to power the city or to supply the
generation plants with the power needed to restart.

One point we are considering thoroughly is the fate of this redesigned grid if and when a
hurricane or tropical storm strikes the country. This requirement of cost-effective and
replaceable technology ties in the physical and economical goals of this redesign. Our goal
is to create a grid robust enough to withstand severe weather, but when damaged, is
simple and economically viable to replace.

Economically, there are a few ideas being considered to better suit growth in the electric
utility industry. Currently, Puerto Rico’s utility rates are around $o.24/kilowatt-hour,
nearly $o.10/kilowatt-hour below the Caribbean regional average >. However, a further cost
reduction for the residential sector ($0.20/kWh) and industrial sector ($0.18/kWh)7 falls
further below the average, pushing PREPA’s already enormous deficit even higher.

Another factor in this ever-growing $9g billion debt is PREPA’s gift if free power to “all 78 of
Puerto Rico’s municipalities, many government-owned enterprises, and even to some
for-profit businesses™ . This economic model has not been assessed since 1958, and many
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residents fear the repeal of this free power plan even though the plan does not directly
benefit them. One main concern is that to pay for the energy, the citizens will have to
increase property taxes or other spendings, an already touchy topic following an increased
sales tax increase from 7 percent to u percent.’

One solution we’ve considered is creating a subsidy plan for the current municipalities
and companies receiving free power. The idea behind this proposal is the government
would provide a monthly stipend to cover the electricity for the month. This stipend
would be calculated based on current power usage and factor in wastefulness, so the
stipend would be a fair and reasonable amount if electricity is used responsibly. Not only
does this solution ease our the free power plan versus implementing a full payment plan
right away, it also cultivates room to emphasize conscious energy use.

Another economic factor to take into consideration is focused solely on PREPA. Due to
“Frequent turnover in management and leadership, which has long failed to prioritize
grid maintenance”’, there were many problems such as downed power lines and blackouts
for months before Maria demolished nearly 80% of the current transmission and
distribution system. Other factors play into this, including a tropical climate, but the root
cause still remains at the lack of focus on maintenance from past PREPA leadership. By
proposing that maintenance be treated with a higher regard, the threat of seeing such a
large percentage of the island’s lines wiped out could be much smaller.

After we determine the extent of physical changes to the current power grid, we plan to
propose an economic report relating to these values at the time of installation through
years in the future. We will calculate the yearly profits of renewables based on average sun
and wind power readings compared to costs of installation in the country, provide
information on the installation of a natural gas deliquification port and if the initial cost
will save the country money by decreasing the spending on the 55 billion cubic feet of
natural gas imported each year 7, and calculate the money saved by PREPA by mitigating
blackouts by introducing microgrids.

2.2 DESIGN ANALYSIS

As Puerto Rico’s power grid is not something we physically have the option to recreate, we have
focused on mainly on research and background information on the current grid, renewable energy,
and comparing the area to similar sizes and climates to get ideas of what will and will not work for
the country’s power market.

So far, as discussed in section 2.1, we have gathered extensive information on the renewable energy
viability in the country as well as the current generation plants in the country. We've researched
the current energy storage options as well as up and coming engineering projects focusing on
renewable energy efficiency and storage. We've studied transmission diagrams to look at
interconnectivity between different municipalities and generation plants. We've researched the
costs and technical challenges associated with construction a natural gas reliquefaction plant.
We've also delved into the economic side of Puerto Rico, studying electricity prices, historic events,
and begun researching prices associated with implementing the technical improvements we've
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focused on. We will continue researching these topics until we know enough to definitively say that
this solution is one worth proposing to the country to solve their power crisis.

Until we reach that place, no real “design” has been implemented, per say. Instead, we've designed
all of the puzzle pieces that will eventually piece together to form one extensive redesign of the
entire power grid and market in Puerto Rico. Even though we don’t have a map of the redesign or
have the financial proposal sorted out, we have had pieces of solutions that have either been
reasonable or did not work. One example was implementing offshore hydro-electric generation
plants. Although this option is reasonable for an island country, the costs associated with the
installation and the climate and natural disaster history of Puerto Rico may mean this form of
generation is not one that will pay off in the long run. We also discussed the installation of solar
roads, but the costs associated with such new technology as well as the uneven distribution of solar
irradiance throughout the mountainous section of Puerto Rico led us to move in other directions.

As we move forward, we plan on meeting with transmission professionals from MidAmerican
Energy and generation professionals from the Ames Power Plant to discuss realistic expectations in
each of these two areas. We also plan on determining which areas are viable for solar and wind
energy by combining the irradiance and wind potential maps from section 2.1 with the cost of land
area and population of area in question. We will also do more research on Puerto Rico’s natural gas
market, looking deeper into what goes into a natural gas deliquification plant and how much
money on imports the country could save.

The strengths of our current plan are the feasibility of all of the subjects are researching. Many of
the technologies introduced are well-priced and have been very successful in regions with similar
climates or similar populations. One main weaknesses is the inability to see firsthand the power
crisis in Puerto Rico. Many problems relating to poor maintenance and outdated equipment exist
with the current grid, and the full extent will be hard to comprehend without actually experiencing
it.

3 Testing and Implementation

When choosing to design a power grid on a large scale such as creating a power grid for Puerto
Rico, there needs to be tests that needs to be done to ensure that the power grid that we are
designing are functioning at optimum level and is reliable. However, since creating a power grid on
a country to just test its functionality is not practical. Therefore, we have to focus on different
methods of testing the power grid that we design.

2.3 INTERFACE SPECIFICATIONS

The power grid that we are implementing is more of a designing project which will be focused more
on the theory of creating the power grid. However, currently there might possibly have some
algorithm that can be used to create the power grid for the team to work on.

2.4 HARDWARE AND SOFTWARE

For this project, we will be working with many different devices and components to realize the
whole project. The power grid that we are trying to create or design consists of:
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Solar Panels

Solar panels will be one of the hardware that will be very crucial in assembly this power
grid that we are designing. Solar energy is first and foremost a progressive step into a more
innovative world. It is a renewable energy source that could help preserve the world that
we live in for a bit longer.

Besides that, solar energy would be a very good source of energy for Puerto Rico due to
how much sun intensity does the country get a year. With this constant intensity that is
received by Puerto Rico per year, this is a very logical step in creating the power grid. The
power grid that we are implementing will consist of these solar panels that will be placed
around the island to supply not to only one area of the country but throughout the island.
These solar panels which are connected to other devices will help make this power grid
possible.

Wind Turbines

Wind turbines act similarly the solar panels in making the power grid into a reality. The
wind turbines is another innovative step when creating the power grid because of the fact
that Puerto Rico gets a lot of wind per year. The island gets a 22mph trade winds that flows
through the island all year long and for every 5 years, the wind gets strong enough to create
a cyclone.

The wind turbines is one of the components that we will be studying when looking at
creating the power grid for Puerto Rico. We will have to understand how strong must the
wind blow to create enough power to generate electricity to help supply to the country.
The wind turbine will function as another generator to supply power for the power grid.

Gas Turbines of Natural Gases

Gas turbines are not something new but however will prove to be the most beneficial and
cost effective generator for the power grid. These gas turbines will act as a backup for the
solar and wind energy that will be supplying the island. The gas turbines will be very useful
for cloudy days or days without wind and sun or even night time. These gas turbines can
help assist in supplying power to the island to make sure that if the solar and wind energy
goes down, the whole power grid will be demolished.

Microgrids

Microgrids are something that could be very helpful for countries that face situations
where the rely on only one power source and if that goes down, the whole country will be
living without any electricity. The microgrids functions as multiple small power grids that
interconnect with each other to create a connection of power grids. This is useful for the
fact that if one microgrid goes down, the other microgrids will help out in supplying energy
for the island.

Energy Storage

Energy storages are always important when creating a power grid that uses renewable
energy such as solar energy. The energy storage focuses on storing the energy that is
generated to the energy storages. These energy storages are used to supply Puerto Rico
with sufficient energy similarly to how a battery is used to supply energy. However, the
price of implementing a numerous amount of energy storage is not practical due to its high
price, therefore, we also focus on the use of gas turbines and natural gases.
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2.5 FuncTioNAL TESTING

We must first put the design through a functionality test and also a reliability test. The
functionality test is to test the design whether it would even work as expected or would it break
down. This is a very important test and to conduct such a test, we have to use a software that some
power companies are using to test the power grid. This software can take the intended design and
simulate the design and can give us the output that we want. Besides that, if the software was too
inaccurate, we will conduct a test for the power grid using a certain algorithm that is obtained from
professionals in this field of study.

Moreover, we must also set a reliability test for the power grid. This is also another important test
that must be conducted if we want to implement the power grid in Puerto Rico. Puerto Rico faces
many natural disasters which could affect the result or the reliability of the power grid, for example,
due to Hurricane Maria that hit Puerto Rico recently, the power grid went down and currently
there are still natives of Puerto Rico that are living without electricity in their homes. Another
situation for the importance of the reliability test is that Puerto Rico runs on only one main power
grid, and if that power grid goes down, even temporarily, the country will live without electricity.
Therefore, the power grid must not only be efficient, but it must also be reliable enough to supply
constant supply of energy to the island.

Besides that, there are also tests that needs to be conducted to test individual units that we are
preparing for the design.

1. Solar Panels

The solar panels are used as the primary energy supply of the design to generate electricity
from gathering solar energy. These solar panels need to be tested to ensure that they will
supply the appropriate amount of electricity for the design. We have to test how much
each individual panels can generate and then create a whole farm of the solar panels to
ensure that enough electricity can be generated.

2. Gas Turbines of Natural Gas

The gas turbines will be used as a cogenerator to the solar panels to help ensure the
constant supply of electricity throughout the island. These gas turbines are used to
generate electricity by using natural gases. These gas turbines must also be tested to ensure
its optimal efficiency. Based on the numerous version of the gas turbines by Siemens, we
must test the gas turbines to be able to choose the most appropriate one for the design. We
will still look towards the datasheet for these values but we must also test the gas turbine
to ensure that it follows correctly with the datasheet.

3. Energy Storage

Whenever we are discussing about solar energies and solar farms, we can’t avoid the
implementation of energy storages for these solar energies. Solar energy whenever they are
implemented, there must be a method of storing the energy and that is what the energy
storage is for. The AES energy storage that we have chosen needs to be tested to check if
they can store the amount of energy supply that we are generating from the solar farms
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without resulting in any problems. Besides that, the energy storage must also be tested to
check whether it is suitable with our design.

4. Microgrids

The microgrids will function as a small connector to the design with other microgrids to
ensure constant and reliable supply of electricity for the island. Therefore, it is very vital
that we test how reliable these microgrids function. Since microgrids are smaller grids
connected to each other, will they be reliable and powerful enough to supply the sufficient
amount of energy to the island. For this, we can look towards the Berkeley Lab Microgrids
to get a better idea of the data involved.

2.6 NoN-FuncTioNAL TESTING

An important test that needs to be conducted with our power grid are test cases. The power grid
needs to be tested under different conditions or circumstances. For example, based on the
insulation data of Puerto Rico, the country is constantly supplied with sun throughout the year,
however, we must test the power grid to check whether it will still function if there are days or a
week without sun due to cloudy days. This is very important to check how optimal the design will
be for Puerto Rico.

Another condition that we have to test the power grid is to test how robust or reliable the design
would be under harsh conditions with the weather such as hurricanes and earthquakes. We are not
expecting the design to withstand these natural disasters completely, however, the power grid
should not be too fimble to that it will break down and won'’t be easily repaired.

Besides that, we must also conduct a compliance test for every value of the datasheet of
components such as the gas turbines, energy storage and also microgrids. We have to test these
components and their values to see how accurate the values are and from this, we can test how
usable the design is to be implemented for Puerto Rico. When we have these results, we can choose
the most suitable design that is most compatible with the desire of Puerto Rico.
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2.7 PROCESS

Research of Intended

Components for Design

Microgrids

Solar Power Energy Storage

Testing of Each Individual Units

Intended
Results

Select the appropriate unit

Figure 3: Flowchart of Designing of Power Grid

2.8 REsSULTS

The power grid that we are designing should pass all these tests to ensure that it would be reliable
enough for Puerto Rico. The design should function optimally with corresponding to the supply of
solar energy that is stored in the energy storage and also the generation of power from the gas
turbines with the use of natural gas. With these two supplies, the microgrids should be supply
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sufficient energy to the whole island even through unsavory conditions such as natural disasters
that do occur to the island.

The tests will test be conducted and each test result will be evaluated. If there are any unwanted
results, we will fix any errors and edit the design to get the intended result. We will then keep
retesting its functionality until we get the results that we want and all the results will be recorded
and documented.

4 Closing Material

4.1 CONCLUSION

In conclusion, this proposed plan will present a more reliable power solution for Puerto
Rico in the form of economic and physical redesign of the current utility structure. By
presenting data relating to the current grid and generation compared to data associated
with the addition of physical grid and generation changes listed, we aim to prove a more
reliable power grid for Puerto Rico is both feasible and a more sustainable financial option
for the country.
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