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1 Introductory Material

1.1 PROBLEM 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.

1.2 OPERATING 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.

1.3 INTENDED USERS AND INTENDED 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.
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1.4 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 EXPECTED END PRODUCT AND OTHER DELIVERABLES

The end proposed power plan will provide a solution in two sections: an economic
redesign and a physical redesign.

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 report encompassing the economic and physical redesign of the power
system in Puerto Rico will be delivered by December of 2018.
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2 Proposed Approach and Statement of Work

2.1 OBJECTIVE OF THE TASK

Puerto Rico is in a horrible state after the recent hurricane that hit, Hurricane Maria and
this left the population living without electricity in their homes. However, the power grid
of the country was also in horrible conditions before the natural disaster. This is due to
improper management of the already existing power grid.

Therefore, we are going to focus on the fact that the power grid, even before the natural
disaster hit. We are going to focus on creating a better economic and physical design of the
power grid to make sure that the entirety of the island will constantly be supplied by with
electricity even during an occurrence of hurricanes, earthquakes and other natural
disaster.

We will be performing this task by introducing wind and solar energy farms due to how
much sun the country gets per year. We are also implementing energy storages located
throughout the island in case of a shortage of power and also creating interconnecting
microgrids at the corners of the island. Other energy sources such as natural gas and gas
turbines deliquification plants will be introduced for this project.

2.2 FUNCTIONAL REQUIREMENTS

2.2.1 Solar and Wind Energy Farms

The main requirement when talking about implementing this that a country needs to have
a consistent supply of sun and wind throughout the whole year. However, Puerto Rico does
have a persistent 22 mph trade winds move throughout the island all year round. The
supply of wind is very strong to the point that every 5 or so years, a cyclone will bring in
high intensive winds; Hurricane Maria.

The solar supply that Puerto Rico gets is also immense. Throughout the whole year the sun
will rise around 5:30 am and set around 7:30 pm which will provide the whole country with
a total of 14 hours of daylight throughout the year. The country averages around 2829
hours of daylight a year. About 65% of the day is filled with daylight and the other
percentage of the day are filled with cloudy days or haziness.

2.2.2 Natural Gas or Gas Turbines Deliquification Plants

To do this, the main problem that Puerto Rico has is that since it is an island, it would be
difficult to move these gases from the outside to the island. Therefore, the best solution
that we could think of'is to create a port on the island for moving these gases. After
creating these ports, then it would be easier to have a constant supply of the gases.

2.2.3 Cost Issue
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Currently in Puerto Rico, there are situations where some public infrastructure such as
hospitals happen to receive free electricity. This is quite a problem because if they are
getting the supply without pay, then the workers who have to supply the electricity will not
be paid well enough which will cause a problem in continuously supplying the electricity
to other places on the island.

Therefore, to implement these ideas such as the microgids, the energy storages, and the
solar and wind farms, these places that receive free electricity needs to help pay for it to
ensure that the rest of the island will be able to get electricity.

2.3 CONSTRAINTS CONSIDERATIONS

The political aspects of the project will not be considered during this project and we will
instead be supplying a concept of a better energy system for Puerto Rico.

There are also other constraints that are obvious such as the fact that most the work that
we will be doing is mostly theoretical research. We are not able to go to Puerto Rico to
witness what is happening there ourselves. However, we are able to contact a few power
companies in Puerto Rico such as the Puerto Rico Electric Power Authority (PREPA)
which is in charge of most of the islands electrical needs.

Another major constraint that can affect the outcome of the project is that when creating
this power grid, we are mainly focusing on the theoretical side of the project. We can do
our research and theoretically be able to create it as well as we can, but in the end, we
won't be able to ensure that these projects will work physically.

2.4 PREVIOUS WORK AND LITERATURE

Solar and Wind Energy Farms

There are previous solar panels that are being implemented in Puerto Rico by Elon Musk
and his company Tesla. The solar panels that are implemented are set as supply storages in
case of another outage of electricity. This currently was implemented after the absence of
electricity from Hurricane Maria, and Hurricane Irma.

The beginning of the usage or the plan of using solar energy happened when technicians
from a company called Tesla Powerwall implemented a solar battery pack on the wall of a
house in San Juan and it was able to supply enough power to the whole house. This is now
being implemented to a few dozen houses already.

After the event of Hurricane Maria, there are a lot of other companies that are trying to

implement a better power grid for the island and hopefully work itself towards solar and
wind energy. It has first been implemented to a children’s hospital in San Juan, Hospital
del Nino.
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The solar panel and battery storage will provide power to a children's hospital

Figure 1: Solar Panels implemented in Hospital del Nino, San Juan
Current Power Grid

Currently the power grid that is being used in Puerto Rico is a fuel oil-based generation
according to PREPA. The island still uses electricity poles and lines running across the
streets and power generating circuits throughout the island.

Interconnecting Microgrids

The microgrids are slowly being implemented by numerous groups of people due to how
cost effective and improving the safety of power grids and improve grid performance.

They are low-voltage generated systems that connect with many other microgrids that can
help provide a sustainable power grid. These grids will continuously help with providing
the power that is needed to supply a whole country.

This can eliminate the fact of having to depend on one single power plant/source to supply
enough energy. This works as many smaller power sources to help supply energy. The
works of this microgrid is focused by the Berkeley Lab which is trying to spread the use of
microgrids around the world.
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Figure 2: High-Level Microgrid Schematic

2.5 PROPOSED DESIGN

The proposed solution that could help with the power grid problem in Puerto Rico is by
implementing the solar and wind energy farms to the country since it has been proven to
be effective by how Tesla is currently implementing solar panels to the country. The wind
energy has not yet been done but could also be a good alternative due to the wind supply
from the country throughout the year.

We then can also implement these renewable energy sources to supply power storages and
microgrids around the island to help supply the island. The energy storage is only there in
case of another power outage or another possible natural disaster that can provide enough
power to the island.

The power grids however are there to help supply energy more efficiently and in a safer
way to make sure the island is constantly being supplied.

Puerto Rico could also implement the use of building a port on the island for the trading
or transportation of natural gases and the use of gas turbines.

2.6 TECHNOLOGY CONSIDERATIONS

In case of another natural disaster, the solar panels or the wind turbines might be greatly
affected by the incident which might cost more money to repair. This could be very costly
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because the island will constantly need to replace the broken equipments everytime that
there are any natural disasters that could ruin them.

These equipments also need very good maintenance and therefore will require a set of
qualified workers that are able to fix or maintain the functions of these equipments.

Even though, that if the solar panels or wind turbines happen to be broken after a natural
disaster, the function of a energy storage will be very useful and helpful for the island. This
storage can help supply enough energy until the fix has been done. Therefore, to ensure
that this happens, maintenance of the equipment should be done regularly and quickly to
make sure that the island is constantly being provided.

2.7 SAFETY CONSIDERATIONS

Since this project involves a power grid, if we were to come close to a power plant or have
to work with one, we have to be very careful of the dangers of the plants such as high
voltages.

2.8 TASK APPROACH.

2.9 POSSIBLE Risks AND RISKk MANAGEMENT

The possible risks that could come out from this is that of how accurate we can get to
solving this problem. We are doing the research but in the end, we are merely doing a
theoretical assumption of the work that we are doing based on the work that others has
done online. Some works that others have done might not be as accurate and complete as
we would like them to be therefore, we have to ensure that the sources that we use are
officially correct.

We might also face some issues with communication between us and the companies that
we are attempting to contact in Puerto Rico. This could be due to the fact of time zone
difference or language barriers or even just difficulty communicating with each other.

2.10 PROJECT PROPOSED MILESTONES AND EVALUATION CRITERIA

1. Appropriate and intensive deep research must be done on the background of the
current power grid and the intended power grid that we want to do.

2. Using a certain algorithm from other power companies that can help recreate or
design the work that we want to do.

3. Understanding the limitations or problems that may occur when designing the
project and finding the solutions for each of them.

4. Test benching the project to check if it is actually working when implemented.
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2.1 PROJECT TRACKING PROCEDURES

We will set certain milestones that we will communicate about with our mentor to make
sure that we are on track to be able to finish the project on time. We will also set smaller
milestones for individual work that should be done week by week to make sure that we are
properly prepared for the work that we are going to have to do.

After doing so, the group will meet once or twice a week with our mentor and we can
check if everyone is currently up to date with the milestones that we have to accomplish. If
the milestones are not met yet, we will have to help each other to accomplish them.

What will your group use to track progress throughout the course of this and next
semester?

2.12 EXPECTED RESULTS AND VALIDATION

The expected results or the outcome from the project is to be able to give a conducive
theoretical presentation of a better power grid that is hopefully able to be implemented or
even help implement a better power system for Puerto Rico.

Even if the project is not 100% accurate or functional or able to be constructed, we want to
be able to help any other companies out there that are trying to create a better power grid
with another point of view or insight that other projects have not yet provided.

To check if the solution can work at a High level is by constantly checking in with our
mentor or client to see if it could be implemented so. We could also check with other
power companies by presenting such idea and see what their opinions are on our work
that we have done.

2.13 TEST PLAN

Provide a functional test plan for the present project version
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3 Project Timeline, Estimated Resources, and Challenges

3.1 PROJECT TIMELINE

Senior Design Project Plan u smartsheet

Task Name JanT7 Jan 14 : Jan 28 Feb 4

S M T W T F|8 &8 M/T W T F |38 8 M|T T F 8|8 M T/ W T F |8 8 MT|WT| F
S ———— —(— I —(—— S — S ——— —— S ——(— —— — —— — ——

1 Complete Design

21 Team exectations en seiting
3 Design Thinking Pre Worksh
Project Plan V1

5 Project Plan V2

Project Plan V3
Understatement of Power Gt

81 logistics of old Power Grid
9 Information on NREL

10 Find and set new prica and ¢

1 Find and detarmine new stor

12 Caontact PREPA

13 Contact Texas Natural Gas

14| Poltical and economical stat —
15 Micro-grids design H

16 Background check

17 Website sel up

Feb 11 Feb 18 Feb 25 Mar 4 Mar 11 Mar 18

S 8 M T W T F 8 5 MT W|T|F|8 8 M T W TF 8 8 MTWT| F & 8 MT/WTF &8 8 MTWT F 8
S S S S S S 5 A S S S 5 S S S S ———— s S ————— S ——— —— —
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Mar 25

5 M T W T F 3 8
[ — ———— — I — — —— S S— —— — — — — — — — — —— i — — — — —

Table 1: Senior Design Project Timeline

For this Gantt chart we established the beginning of the course as the first date for our
project in case that creates some confusion. Colors are setted so we can determine which
task are assigned for each one of us. Team (green), Individual (red), Heiqal (blue), Logan
(pink) and Ricardo (yellow). To use the diagram and work on it collectively we are using
the smartsheet website, its very easy to set up and we believe it works better for us.

3.2 FEASIBILITY ASSESSMENT

(Realistic projection of what the project will be. State foreseen challenges of the project.)

Before we took on this project since we acknowledged the roster of our team we have faced
the challenge of determining on what scale are we going to take on this project, how deep
and thorough we can be with only three students. After a background check and an overall
research of the project we found ourselves with the problem of deciding whether to take
on the whole grid of the country of Puerto Rico or to take on the critical zones affected by
the Hurricane since that seems more feasible for the three of us.

After meeting with our client, we realized that the ambition is to replace the old power
grid completely. And to be thorough we also must make a new economical- political plan
within the power companies of puerto rico in order to set a sustainable solution for the
people in the Island. Also we agreed that this new power grid must be also economically
profitable for the institution in charge on the island (PREPA).
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So far among all feasible tasks what we see more difficult to complete is the part where we
get all this information. Also our knowledge in power and geographic position of lowa
don't fully prepare us for taking coastal zones nor elevated zones (Mountains). Its sure that
we must also design a grid capable of facing upcoming natural disasters on the future,
because it will be pointless to build any new power grid and let the country equally
exposed and in deeper poverty.

Its imperative to understand about management of power grids in general, and the old
system of Puerto Rico. Find how many power plants the country has and where are those
located. What alternatives for energy consumption the country has. What are the logistics
of this biorenewables resources. In the case of Solar and Wind energy we must find parts
of the country with more solar incidence and more wind flow. Finally to find among all
these tasks we must determine and arrange the cost and price of electricity for the island
itself and how will these pricess accommodate to other sectors and institutions since
previously the power in the island was totally free.

To further include in the project any alternative solution we must understand about
Storage, Algorithms and Microgrids. We see Microgrids as a very feasible and profitable
solution for the new power grid with the additions of Natural gas mini turbines and
supplemental nets in case of blackouts. With Natural gas we envisioned Texas Natural Gas
among the suppliers due to proximity and economic possibilities that this trade will open
for the island.

3.3 PERSONNEL EFFORT REQUIREMENTS

We expect to share most of the task and no individually assign problems due to the
magnitude of this project and the logistics of our group. As designated task we have Logan
coordinating meetings, contacting clients and references. Also she organized the group
and does research too. Ricardo plans and manages the project outline and makes cost
estimates and feasibility deductions. Heigal is responsible of the simulation and design of
the structure for the new power grid. All of us presentate and discuss together once a week
for our private meeting that usually last an hour on Mondays a day before the class. On
thursdays we gather with our client for 1.5 to 2 hours and discuss with him our progress
and outline new objectives. Then individually each one of us spend between 4-5 hours
weekly on recommended tasks.

3.4 OTHER RESOURCE REQUIREMENTS

(Identify the other resources aside from financial, such as parts and materials that are
required to conduct the project.)

So far we don’t have to build anything but if it were to include within our budget we
should include travel expenses to meet with scholars and power grid experts. Also the
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probable purchase of a power grid designing program or simulator differently from PSS/E
and a unrealistic but most desire trip to Puerto Rico.

3.5 FINANCIAL REQUIREMENTS

We believe that for the complexion of this project the total financial resources we might
need are not enough relevant to be mentioned.

4 Closure Materials

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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