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Storing Renewable Energy for Nebraska and Beyond 

using Vanadium Flow Batteries
Composition Processing Properties

0 2 4 6 8 10
0

10

20

30

40

50

S
tr

e
s
s
 (

M
P

a
)

Strain (%)

  H:N[12k:17k]-QA

  H:N[12k:17k]-QA C4

  H:N[12k:17k]-QA C6

  H:N[12k:17k]-QA C8



World’s Top Ten Challenges
Sustainable Research

1.  ENERGY

2.  WATER

3.  FOOD

4.  ENVIRONMENT 

5.  POVERTY

6.  WAR (Terrorism)

7.  DISEASE

8.  EDUCATION

9.  DEMOCRACY

10. POPULATION

World:7.63 Billion (2018)

China: 1.38 (18.4%)

India: 1.30 (17.4%) 

US: 328 Million (4.4%)

Energy 

• Supply & Demand

• Environment

• Sustainability

Water

• Supply & Demand

• Environment

• Sustainability

2020: 8.7B1960: 3.0B

Richard Errett Smalley
1996 Nobel Prize
Fullerenes “Buckyball”



Motivation
Materials and Sustainable Research

• Separations (gas, liquid, ions)

• Batteries (ions - redox)

• Fuel Cells (ion, gas, liquid)

• Coatings (barrier, biofouling)

• Drug Delivery (molecule)

• Biology (bioglass)
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Flow Batteries

System Power 

D
is

c
h
a
rg

e
 T

im
e
 

S
e
c
o
n
d
s
  
  

  
  

  
  

  
  

  
M

in
u
te

s
  
  

  
  

  
  

  
  

  
H

o
u
rs

1kW     10kW     100kW                 1MW       10MW     100MW       1GW

Energy Storage
Technology Summary
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Vanadium Redox Flow Battery
Ionomer Design and Processing

Redox Flow Battery
• Rechargeable

• Modular Power and Capacity

• Unlimited Longevity

Challenges
• Membrane Stability

• Ion Cross-over

• Electrolyte Cost



Redox Flow Battery
Technology Capital Costs 



Ionomers
Composition and Functionalization (Processing) 
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Before everything else, 
“Getting Ready” is the 
secret of success.

Henry Ford

Thank You
Questions & Discussion



An Integrated Approach to 
Improved Wind Forecasting
in Nebraska

October 29th-30th, 2019

Stonie Cooper, Mesonet Manager

Nebraska State Climate Office

School of Natural Resources

University of Nebraska - Lincoln

Nebraska Wind & Solar Conference & Exhibition - 2019

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



N E B R A S K A  S T A T E  C L I M A T E  O F F I C E

Wind Potential

• Nebraska lies in area of 
high wind energy potential.

• Wind can vary significantly
over space and time.

• Accurate wind forecasts at
turbine height are 
underutilized.



Goal and Objectives

GOAL

Provide a reliable and timely wind forecasting tool for use in energy 
production applications.

OBJECTIVES
• Incorporate Nebraska Mesonet data into weather forecasting model 

and document change in skill.

• Develop specialized wind forecast product for NPPD. 

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



The Nebraska Mesonet

- We have high quality automated weather observations across Nebraska.

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E

mesonet.unl.edu



Observations:

• Air temperature

• Humidity

• Wind speed, direction

9’ (3m) and 30’ (10m)

• Liquid precipitation

• Solar radiation

• Soil temperature

4” (10cm)

• Soil moisture

and temperature at 2”, 4”, 8”, 

20” and 40” (5, 10, 20, 50, 

100cm)

• Barometric pressure

Rogers Farm (Lincoln)



All Mesonet stations assimilated into WRF model.

✓ WRF run every 3 hours out to 72 hours.
✓ 22.4mile x 22.4mile (22.4miles = 36km) grid resolution (horizontal).

✓ 49 terrain-following levels (vertical) up to 12.4miles (20km). 

✓ 3DVAR used to assimilate air temperature, wind, humidity, air pressure.

✓ 197feet (60m) altitude closest to wind turbine height.
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N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



✓ Regional model overestimates wind speed by 3.4 mph (1.5m/s).

✓ Bias improves with Mesonet assimilation to 1.3 mph (0.6m/s) overestimate. 

Results: Wind speed comparison

✓ Best improvement with Mesonet assimilation seen in central,

eastern Nebraska. 

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



Results: Wind speed comparison

✓ The greatest benefit to locally generated numerical wind speed 

forecast with inclusion of Nebraska Mesonet data is at lower wind 

speeds, well below name-plated generation potential.

✓ Focus on local “MOS” – model output statistics – to take current 

NOAA generated numerical forecast and use near-historical 

generation profiles on a per-tower basis to enhance forecasts

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



Wind speed forecast at turbine level

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



Wind power forecast at turbine level

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



Questions?
An Integrated Approach to Improved 
Wind Forecasting
in Nebraska

October 17, 2019

Stonie Cooper

scooper6@unl.edu

Power Summit

N E B R A S K A  S T A T E  C L I M A T E  O F F I C E



Printable Solar Cells
Peter Dowben

Department of Physics and Astronomy

Prof. Andrew Yost Prof. Wai-Ning Mei

Prof. Ned Ianno Ms. Thilini Ekanayaka

Prof. Takashi Komesu Mr. Archit Dhingra

Prof. Alex Sinitskii Prof. Alexei Gruverman

Prof. Xiao Zeng Prof. Tula Paudel



It is cheap, it is reliable and it is the standard

Silicon Solar Cell

Why look any farther ???



Low weight

500 g/m2

Semi Transparent

Shadow Absorption

Low cost High Efficiency: Inkjet printing for 

Photovoltaic Windows

Howard L. Hawks Hall

Flexible Substrates



4.4 3.25 1.58 0.5
Energy

(eV)1.0

Bandgap Starting Here

Covering the Solar Spectrum



Photovoltaics from Organics

Organics are in principle cheap, 
flexible, bendable, and 
amenable to a variety of high 
throughput production methods



Not just solar cells, but displays too

Motion Articles on Paper



Organic Photovoltaics are emerging and 
promising, with some problems…

Red are the organic solar cells
And these are not very stable



Problems with Organic Photovoltaics

• Organic solar cells need to stable! They have to work for a long, long time and 
survive in harsh conditions.

• solution: need additives to stabilize the organics

• They need to be made more efficient! Now efficiency is low (about 5%) or 
high (23%) but in materials not very stable. (high efficiency materials are the 
ones that degrade in sunlight) 

• solution: need additives to stabilize the organics – these will be dipolar molecules, 
and graded multilayers could improve efficiency a lot

• The organic solar cells need to be scalable! Can the materials be 
manufactured cheaply on a large scale?

• Solution: Deposition from solution 



Organic Semiconductors and Conductors

Polythiophene

Poly(3-hexylthiophene-2,5-diyl)

P3HT

PolyanilinePerylene

organolead

trihalide

CH3NH3PbX3
(organic perovskite)

D. Shi, Peter A. Dowben, O. M. Bakr, et al, “Exceptionally low trap-state density and long carrier diffusion in room-temperature 

grown MAPbBr3 perovskite single-crystal wafers”, Science 347 (2015) 519-522



“Modifiers”
We have over 50 different kinds of p-benzoquinone monoimine zwitterions
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Demonstration of Additives on PV Performance

The additives 

enhance photo 

current generation!

But:
We still need to 

increase this 
current 

generation!

The signature of a successful 
organic solar cell combination: 
current at zero applied volts.
Enders, Dowben, and Doudin; unpublished 
data for dipolar zwitterion molecule (where R 
= C4H9) in combination with the organic 
semiconductor PEDOT (Poly(3,4-
ethylenedioxythiophene).

Dipolar molecules produce an intrinsic electric field that enhances the 
electron-hole separation in the semiconductor. This is new science!

transparent

top electrode

semiconductor

dipolar 

organics

additive

Organics

and semiconductor

compound



Rapid Prototyping of Materials Combinations

Rapid prototyping 

with inkjet printer 

technology

sing a modified 

inkjet printer



Simple Mass Production

Cheap and Flexible

Template 

design for 

CD/DVD 

tray of 

printer

Grayscale ink 

printing (10 

samples)

Ink
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Organic Solar Materials



Quantum Dots

Where do Quantum Dot Solar Cells Rank?
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Emerging PV

Our Best Devices

Quantum Dots

We are leaders
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WE can tune the color by size or chemistry



A

A

B

C

Ilie et al. J. Phys.: Cond. Mat. doi.org/10.1088/1361-648X/aab986

(2018)

Inkjet Printing of Solar Cell Inks

https://doi.org/10.1088/1361-648X/aab986


Perovskite

Synthesis

Inexpensive wet 

lab solution-phase 

synthesis of 

CsPbX3 NCs 

Inkjet Printing 

of NCs in 

solvent on 

substrates

Constructing 

Shapes using 

printed NCs

Developing Thin-

Film Solar Cells 

from printed NCs

Again, how to test all the possible 
combinations to find the best 

combinations for the most successful 
photovoltaic ?

Rapid prototyping 

with inkjet printer 

technology

Applicability: “Printable” Solar Cells



Efficiency is not every thing:
If you cover more surface area and generate more 
current at much lower cost, you win. 
So a window you look through but is also a solar cell 
could be a BIG winner, even if not very efficient.



We are No. 2 in the 

world for novel 

materials in  

photovoltaic 

research

In The News!

Nebraska

Oxford

UCLA

Kaust

Cambridge

Northwestern

Korea



This work was supported by the Nebraska Public Power 

District through the Nebraska Center for Energy 

Sciences Research at the University of Nebraska-

Lincoln


