“Climate Change is one of the most destabilizing forces of our time,
exacerbating other national security concerns and posing serious readiness challenges.”
Honorable Carlos Del Toro, Secretary of the Navy
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Blue Integrated Partnerships- Solving Grand
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er Institute on

summ

stinability & Climate Change

g P
DRONE TRAINING

- DATEJULY 26,2023 -~
TIME:1PM
LOCATION: UPR HUMACAO




Strategic Partnerships & Key Focus Areas:

Renewable Energy & Coastal Resiliency: PR100 by 2050!

Resilient power grid for the island and using the island as a living
laboratory for coastal resiliency: Caribbean, USA-Mexico Border

Integrating aerodynamics of renewable
New R&D activities to support DoE and DHS-FEMA energy and extreme events such as hurricanes

Big Data generation for AI based models towards
energy and disaster management in the form of IPs anc
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The Key Partnerships- Blue Integrated Partnerships (BIP)
Enhance HBCU/HSI Research Capabilities & Federal Contracting
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Figure 3. Strategic Phases for BIP 2.0 Transformative Impact with Phase II capacity building now moving
to excellence at scale and enabling a joint Center of Excellence and UPR-deployed Applied Research Lab.



BIP Building The Workforce of Tomorrow
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The United Nation’s Sustainable Development Goals
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The Root of the Problem:
Climate Change & Mass Migration

Global greenhouse gas emissions and warming scenarios SURGEE
- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. in Data 2 O O
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
4.1-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.
100 Gt

- removal to maintain 1.5°C
00t M—— et plices through 2100 [PCC, 2022]

- emissions with current climate policies in
o place result in warming of 2.5 to 2.9°C by 2100.
Greenhouse gas emissions
up to the present

| Pledges & targets (2.1 °C)

- emissions if all countries delivered on reduction
pledges result in warming of 2.1°C by 2100.

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Last updated: April 2022.

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021).
Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

OurWorldinData.org - Research and data to make progress against the world’s largest problems.



Source Dispersion Inhibits Decarbonization

CO; capture by direct air capture, planned projects and in the Net Zero Scenario (2050), 2020-2030
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DAC is not Currently Economically Viable

Mt CO2 Capture cost:
: . $100 — 600 / ton-C O yomsas.m
50 VS.
40 Market value:
30 as low as
. $3 / ton_c 02 [Keith et al., 2018]
10 2.O:;(()ivanced development: 5.5 Mt CO2 TaX Cl‘edit (2022):

- i - ] ] as low as

2000 2022 2024 2026 2028 2030 $50_85 / ton_c 02
[IEA., 2022]

[Reuters., 2021]
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Research Question

Can we extrapolate the velocity recovery mechanism found in the
kinetic energy entrainment?

—Uu'v'(y)

SyntheticLL] O

[Doosttalab et al., 2020]
... towards a scalar entrainment in the
turbine wake.... —U@)w'c'(2)

and could benefit efficient capture of CO,

12



Energy Poverty Countries:
On Inequality & Access to Energy

Inequality-adjusted DIMENSIONS  Long and healthy life Knowledge A decent standard of living
Human Development

Index (IHDI)

INDICATORS Life expectancy at birth Expected years  Mean years GNI per capita (PPP §)
of schooling of schooling

DIMENSION Life expactancy Years of schooling Income/consumption
INDEX

INEQUALITY- Inequality-adjusted | lity-adjusted Inequality-adjusted
ADJUSTED life expectancy index ucation index income index
INDEX 3 1 ,

L Inequality-adjusted Human Development Index (IHDI)

Work at the Kenninger Summer Institute:
Mellissa Hege, Jossy O’Donniel & Maulin Shah

UNITED NATIONS DEVELOPMENT PROGRAMME




IHDI Versus Energy per capital

Inequality Human Development Index

Gutierrez, et al. to be submitted Energy Policy (2023).
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Coefficient of inequality
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Mass Migration & Inequality?
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The Caribbean & USA Mexico Corridor
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NEW MEXICO

OKLAHOMA

100km border zone as defined
by the La Paz Agreement

Ailantic

The Engineers’ Plan for Creating Border
Security With Clean Energy

Scie

A proposal mmagines how buskdmg solar pancls and wind serbines sloag
the U.S.-Mexico border could unite calls for a Grees New Deal and 2
border wall

Amal Ahmed May 7, 2009

SCIENTIFIC
AMERICAN.

Bold Plan? Replace the Border Wall with an Energy—
Water Corridor

Buiding solar, wind, natural gas and water infrastrocture all along the US
Mexico border would create v y rather than antage

By Mark Fischetti om Fobeuary 14, 2019

The Washington Post

Democrocy Dies in Darkness

A genuine Big Idea that could fix the border
problem



https://www.youtube.com/watch?app=desktop&v=kXSy3t51e8M
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Key Question

Can we develop an energy-water
corridor along the USA-Mexico border

as a solution for existing border
proposals?
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30
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Renewable resources at hoth sides of the

Wind

Wind Speed at Altitude 100m Around the US-Mexico border
(m/s)
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The Largest Technology Park of the World

How about evaluation of Droughts along the
border?

Global Horizontal Solar

Drought Severit &,
5 1 Irradiance (kWh/m‘/day) Wind Class

Coverage Index

5 15 25 35 45

Wind Class

--------



Droughts: Energy & Water
The Water Crisis Along the Border

Drought Severity
Coverage Index

LI ]]
5

15 25 35 45

 Border states lack water, but
excellent solar & wind resources

* Reliance on ground water (“fossil
water”) for public needs for TX
(36%), AZ (43%), NM (87%).

Droughts past 14 years:
Border states have high levels

. of droughts.
e USA withdraws about 45% of our 18
water for cooling of power Data from U.S. Drought Monitor,
. . NOA.
plants in production of https://droughtmonitor.unl.edu

electricity, castillo et al., Scientific
American (2018).
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Satelite

Average wind speed at 50m above ground Global Solar irradiation (kWh/m2)

https://globalwindatlas.info/ https://globalsolaratlas.info/map

Guatemala: Key Country in Solving USA/Mexico Border
Challenges.
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Caribbean
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Castillo, Scientific
American (2020)




The Water Insecurity & WAE Crisis
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Gape Town Water Grisis

® c o —
L i e
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The World Wildlife Fund estimates that by 2025, the problem faced on Cape Town today will be a crisis also
for 2/3 of our world population.
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Population Growth & Energy Dependence
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Earth ) - Total water Saline
volume \ 1.39%10%m3 1.35%10%km3

A\

Freshwater
5.91%107 km?3
(2.5 %)

Accesible: 1.06x107km3 (0.8%)

Castillo, Gutierrez, Gore, Scientific American (2018).

E PURDUE

UNIVERSITY



Water for Energy: The Quiet Crisis in the Making

What is wrong with this picture?

M Fresh lll Non specified Il Saline 45.3%
Ggal
day 200- 32.4%
150
11.8%
100
50-
0- S
Livestock Self Mining Aquaculture Self Public Irrigation { Thermoelectric ©
supplied supplied \ power
domestic industrial D

Castillo, Gutierrez, Gore, Scientific American (2018). t

WARNING: Our fresh water is used for cooling of power plants!




The Water 4 Energy Quiet Crisis
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Water & Energy:
US Annual Electricity Production and Water Withdrawal (2016)

wh 1380
year (5.3) 1240

Large players
~84% Electricity generation; ~30 T gal./year

(Tgal) (8.3)
year Medium players
1 000- 805 ~12% Electricity generation; ~0 T
(16.7) gal./year

33 17

500- I I
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0.4 3
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Power Storage

NOTE: Renewalbles the Cure for Water lnsecurity!
Castillo & Gutierrez, Axios(2018). E PURDUE
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Castillo, Gutierrez & Gore, Scientific American (2018).




> | 665
—— BIG TIME WINNER!
° Uncertain/multi
sector

The oil-fueled electric sector is

4 declining
Wind & bio: same impact on workforce
2.39
2. 84% of USA Electricity

- il S
/”’ \~\
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01 ( I
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Castillo, Gutierrez & Gore, Scientific American (2018).

Data source: US Energy and Jobs Report, 2017. E P l l RD l | E
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Water to Power House in 1-day

20
10

csP Notral Gas Geothermad '

100

Gutierrez & Castillo, to be submitted Nature Energy (2023).



GCan we use Wind Energy to Gapture Go2 while
producing electricity and saving water?

GOAL- Achieve Net-zero Co2 emissions by 2050!

“Climate Change is one of the most destabilizing forces of our time,
exacerbating other national security concerns and posing serious
readiness challenges.”

Honorable Carlos Del Toro, Secretary of the Navy
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DAG IS NOT GURRENTLY ECONOMICALLY VIABLE

The Intergovernmental Panel on Climate Change (IPCC)

CO2 capture by direct air capture, planned

projects and in the Net Zero Scenario (2050),
2020-2030 CAPTURE COST:
Mt CO2

\ 5100 - Goo/ton-COZ
VS

[McQueen et al., 2021]

40 ‘ [Keith et al., 2018]
MARKET VALUE:

30 | as low as

" | $3 [ton-CO,

10 ﬁ) i\%vanced development: 5.5 Mt CO2 [Reuters., 2021]
TAX CREDIT (2022):

2020 2022 2024 2026 2028 2030
S50-85

[ton-CO-

[Reuters., 2021]
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WIND ENERGY & DAC: A SYMBIOSIS

Carbon dioxide
‘jet” profile

Enhanccd
entrainment

mixed down

——

Wind energy

Potential to benefit the Near-zero carbon footprint
ergy.gov, 2022]

" [
plant, at no additional Low cost OF EhErsy
cost! [Lazard, 2019]

Night Availability
Velocity Deficit in Wake ’ PURDUE
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OUR RESEARCH QUESTION

Can we extrapolate the B w4

velocity recovery mechanism ,,L;'kﬁ b

found in the kinetic energy =T

entrainment: iy oo
J ' !

[Doosttalab et al., 2020]

... towards a scalar
entrainment in the turbine
wake

—U(z) (wW'c")

and could an analogous jet
benefit DAC?

Master Thesis of Clarice Nelson my former graduate student now at GE E PURDUE

UNIVERSITY




Low Dimensional: POD
= Mean Kinetic Energy Equation:

([ Eav+ jj£<u,.>E+<Uj><u; u'j>+<Ui>@_2v<Uj>SijJnidA— [11(P+2)

o,

* Following Cal et. al. (2009) we examine the
vertical flux of kinetic energy into the array:

_ ] (U ) + (Up ) dA

Second order term
Newman et al. J.Renewable Energy (2014)



Results: Full Field Energy Fluxes
Entrainment (ahove/helow)

* Flux contributions: integrate modes in the streamwise
direction at the highest vertical point of a turbine blade tip, y*

-<U><u’v’> Full Field

______________________________

3,000 time steps |
' used in averaging Newman, Drew, Castillo (2014, J. Renewable
tassasssssssssssssssssssssiaas Energy )




