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ENST 250 Solar Energy at Rice

Our Big Questions

1 Can Rice meet Its energy needs through
solar energy alone If panels were
Installed in all viable areas?

2. What other considerations would/would
not make this feasible and practical?



Our Approach

1. Mapped out viable area for solar panel installation

2. PVwaltts Calculator by National Renewable Energy Laboratories
(NREL) takes weather/solar radiation data, models solar power
generation

3. (ompared this output to Rices use



Mapping Out Potential Solar Energy Zones

Determined whether spaces were suitable for solar
power based on following factors:

Sun exposure/levels of solar radiation
Level of shade

Level of cloud cover

Direction of solar panels (preferably
south-facing)

Obstructions (other buildings, treeline
cover, etc)

Utilized Google Earth to find suitable zones as well as
map specific sizes of each potential area

Ultimately, decided upon using Rices lots to create
large-scale solar canopies as well as roof space

WEST

Good for solar panels
-15% output

Least suitable for solar panels
-30% output

EAST

Good for solar panels
-15% output

I Poorefficiency
B Good efficiency
I Best efficiency
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Ex: Martel College has ~1991 m? of roof space
Campus Total is ~50,986 m?



Solar Panel Roofing Areas: [:umpus I.uts

. n-
8 ' Fa . /™ ¥ .- George RI‘D v
uu-.*! 3 WM west Lot 2 + 3: ~31,027.75 m?
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Greenbriar Lot: ~54,042.26 m?

Greenbriar Lot T T \West Lots | + Y

Space at ~54,000 m? West Lot 2 + 3 Space of ~43,000 "

Space of at ~32,000 m?

Total Campus Lot Space: ~129,000 m?



Why Solar Parking Lots ?

Reduces costs of lighting and operation
expenses from other sources on campus

Helps mitigate substantial peak-hour energy P £
demand created by Rice - S \‘\\>\‘\\ ‘ ’////,, oL

-..X\\lll//// 2

Saves on fuel efficiency for vehicles - Reduced =ee goeec =
need to use air conditioning in hot Houston
weather

Uses significantly less energy than a lot that
relies on a power grid

Provides increased support for electric vehicles
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Duck Curve Recap

12am Jam am Sam 12pm Ipm 6pm Sem

- Lower demand in the day, with higher production
- Rapid evening demand increase, ramp need
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~Right now Rice doesnt face a
severe Duck Curve

- We would still need storage or
other sources to meet daily needs
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Production vs. Use by Month
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-Yellow = Rices use
- Green = modelled solar
production

- Rice would fall far short of its
energy needs if only powered by
solar
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Production vs. Use Over One Year

400

300

100

Energy Use vs. Production Over a Year

.‘00.. ° ° ¢.:.
“,’ ..0.‘ o ¢%0
2 ..‘0 ‘.": »} ..} 'o.'.%. .. °
° «® ? o.. '.0 ®
o .‘°o° :0°0 0% e,
o o & .0 %0 ¢ ° °° °" dae® ‘:*
.’ [5)
Lot Y
& 00 Y °®o °
ﬂf}, °o & .‘ °
.. @ @ °,
y o *4, ..o. e .‘.‘o;&' P ®oe o JBe :.-
T T AN AR e T TN e
... ‘. ., .'. s . i - ¥ .o .
. - *e o -~ D ’) ® * N . @
*p = \. . oo 0.. pl A .
. '] .:.'... 'Y - * ~ e?
T T T T T T T T T T T == -
/71 21 3/1 41 51 6/1 7/1 81 9/1 10/1 11/1 12/1

Day

-Yellow = Rices use
- Green = modelled solar
production

Key Takeaway:

Rice would fall far short of its
energy needs if only powered by
current solar technology



Required Solar Panel Efficiency

Required Solar Panel Efficiency
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Required Solar Panel Efficiency

Cell Efficiency (%)
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Required Solar Panel Efficiency

Perovskite Cell R&D Challenges:

Advanced module architectures

Accelerated life test protocols Intrinsic material stability

‘1 Post treatment and passivation
Field validati
sankav:nny s::‘dies Stabil ity _& Degradation characterization
Techno-economic analysis Deg radation Metastability characterization

Life cycle analysis
Environmental risk evaluation
Environmental risk mitigation

Validation &

Bankability
Advanced cell architectures Process uniformity
Tandem devices - ) Process repeatability
Material exploration Efficiency Manufacturing Process throughput

In-line metrology

Material characterization Supply chain development

energy.gov



Required Solar Panel Efficiency

Key Takeaway:

Rices energy needs require solar panel efficiencies that
are unrealistic in the near future
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The Costs

- 194 MW car lot solar $240/Watt installed,
- 77 MW Rooftop Solar $200/Watt installed
- Total cost: $62,000,000

- Not economically practical

- Solar is growing, new tech Is being developed: how might we expect
cost to change in the future?



Change of Solar Panel Cost Over Time

- Solar PV prices expected to drop
by 34% by 2030 (BNEF New
Energy Outlook 2019)

- By 2050, prices should drop by
approximately 63%,

- Thus, utility-scale PV will cost
approximately 25 cents per kWh

- from these projections, we can
estimate that the total cost of solar

panel implementation to be at least

halved by 2050 (~$31000,000)

8 1 Hardware Cost Indices
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Methods of Storing Energy

+—

Batteries

Flow Batteries are a common
way to store energy and have a
lot of room for advancement

O

/g
Cold Water Storage

Cold water storage is a cheaper
way to run air conditioning



The Problem

Average Energy Usage at Night for Rice in 2019 e This is per hour usage so
Ideally we need to be able
o to store 12 times thi

18000 0 store 12 times this
< 16000 amount of energy
= 14000
@ 12000 e This assumes 12 hours of
& 10000 daylight, but this is a high
. estimate for winter hours
% 6000
2 ;ggg e Need to be able to store

0 between 216,000 and

1 2 3 4 5 6 7 8 9 10 11 12 250,000 kW of energy
Month



Types of Batteries

1. Lithium-ion
2. Flow Batteries




Lithium lon Battery Chemistry

Advantages Disadvantages
e Lithium-lon batteries are a type of dry e Degade within 8 years
cell battery

e (ant be fully discharged or they

e Most energy dense batteries available will be ruined
on the market (150 watts/ kg
e Balteries get hot easily and if the
e (an handle the most charge discharge membrane that separates the ions

cycles for dry cell batteries gets punctured, the electrolyte can
catch fire



Implementing Lithium lon Batteries

TESV LT
0:5 MWh Lithium

With 150 walts/kg , need 200 metric
tons worth of pure battery storage

Need to add on computer that
monitors the temperature, sensors that
monitor voltage, and a voltage tap for
each cell

Must be kept at 59 degrees




Cost of Lithium-lon Batteries
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Flow Battery Chemistry

Advantages Disadvantages
Long Lifespan (up to 30 years right e [Energy less dense
now)
They can be discharged over spans of e Naturally require a large surface area for
10 or more hours oxidation and reduction to occur

A flow battery while charging

Reduction Oxidation

Half Cells



Cost of Flow Batteries

AECOM

Cost ends up being higher than Lithium-lon Batteries with current technology
-No large scale industry production for flow batteries

$367 kWh based on current technology

Vanadium costs about 2 cents per kWh but quinone costs %a cent per kWh

USD/kWh
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2014 2017 2020

Flow Batterles m Advanced lead-acld mLithlum-lon mSodlum sulphur  mSodlum metal hallde




Cold Water Storage

Cold Water Storage for a very different problem
Cold Water can be stored during times of low enerqy demand
Used during times of high energy demand

Dampens the duck curve




Cold Water Storage

A
e (old Water Storage (12 kWh/m"3)

Temperature rises PCM meits Temperature
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Cold Water Storage Costs

e |Ice storage had most available data
e Lifespan of 50 years

e $203/ kWh

Energygov

Interface between
TES and thermal grid

+ hydrauic sepaator

+ heattansfer

+ safly systems

+ pressute mintenance
« sigmlexchange with

process control unit

Insled sl o construchin
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Comeinpips
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Boled el pnels
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Eteror ladding
Charging/discharging ary: difses
Ladde or il tcase
Thomalfor nsaion

Foundaion



Conclusions

e Lithium-ion batteries are the most viable right now

e Solar enthusiasts are optimistic about flow-balteries
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Solar Panels Require Little Maintenance

Debris is cleared by rainfall

A

Light cleaning 2-4 times a year
Rice could just expand current cleaning
arrangements

Common Repairs ~$100 per hour

https://www solarreviews.com/blog/solar-panel-maintenance-everything-you-need-to-know



Unexpected Damages

m  Structurally strong, but can be damaged by
weather
m Inverter malfunctions
o ~$2000 to replace a string inverter,

~$300 to replace a micro inverter

hitps://www sunnovacom/watts-up/most-common-solar-maintenance

String inverter basics

Best for southern facing roofs with no shade at uniform pitch

-~ e
, . [ ‘ ﬂi 3
s s

Solar Panels String inverter Home
Strings of solar panels String inverter Power is routed to
are wired together converts DC to AC your home circuits



Unexpected Damages

e Arc faults - heat from high electricity discharge breaks down wires
o  Panels have protection against this - fault mode
e \Wiring damage
o May need to replace the whole panel
e Replacements
o  (ost varies by location, roof grade, panel type
o Roof panels cost more to replace/repair than ground panels

https:/ /www.paradisesolarenergycom/blog/the-cost-and-frequency-of-solar-maintenance



ENST 250 Solar Energy at Rice

Conclusion
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Our Big Questions

1 Can Rice meet Its energy needs through
solar energy alone If panels were
Installed in all viable areas?

2. What other considerations would/would
not make this feasible and practical?



Key Takeaways

e Rice would fall far short of its energy needs if only powered by solar

e Rices energy needs require solar panel efficiencies that are unrealistic
In the near future

e (ther considerations further support the idea that it would be
unrealistic to depend on solar alone
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Thank You!
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Keep It Cool with Thermal Energy Storage (nrel.gov)
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Will Solar Panels get Cheaper?’

Factors that Affect Solar Panel Efficiency
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https://atb.nrel.gov/electricity/2021/utility-scale_battery_storage
https://electronics.howstuffworks.com/everyday-tech/lithium-ion-battery.htm
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https://www.nrel.gov/docs/legosti/old/20176.pdf
https://www.pnnl.gov/sites/default/files/media/file/Final%20-%20ESGC%20Cost%20Performance%20Report%2012-11-2020.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/slides/Thermal%20Energy%20Storage%2C%20The%20Lowest%20Cost%20Storage.pdf
https://www.thesolarnerd.com/blog/will-solar-get-cheaper/
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Sources

The Duck Curve: What is it and what does it mean? - Energy Alabama (alcse.orq)
Richard R. Johnson | Sustainability | Rice University
PVWatts Calculator (nrel.gov)



https://alcse.org/the-duck-curve-what-is-it-and-what-does-it-mean/
https://sustainability.rice.edu/richard-johnson
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