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Renewable and 
Cleaner Energy
Solving Global Warming by Building a 
Practical Bridge to the Future
BY VON HATLEY

FEATURE  |  Alternative Energy

WHETHER YOU CALL IT CLIMATE CHANGE, climate crisis or climate emergency, the facts are beyond 
dispute: Our earth is heating up, and it’s heating up fast. Human demand for energy—to power industry, grow crops, warm 
and cool our homes and fuel our transportation—is the primary contributor to the increased carbon dioxide (CO

2
) in our 

atmosphere.

According to the BP Statistical Review 
of World Energy 2019, “In 2018, global 
energy demand and carbon emissions 
from energy use grew at their fastest 
rate since 2010/11, moving even fur-
ther away from the accelerated transition 
envisioned by the Paris climate goals.” 
According to this report, much of the 
increased energy usage underlying the 
recent spike in carbon emissions can be 
traced back to weather-related effects, as 
individuals, families and businesses in-
creased their demand for heating and air 

conditioning in response to an unusually 
large number of hot and cold days.

In other words, we appear to be living 
in a vicious cycle, and if future years are 
like last year, we’re speeding up. That’s 
the bad news. The good news is if our 
next moves are the right ones, we can 
build a bridge to the future, giving us 
time to break out of this pattern.

To be sure, the forces supporting in-
creased carbon emissions are strong. The 
global population continues to grow and 
rising economies boast an expanded mid-

dle class that expects a quality of life that 
includes access to energy. Thirty years ago, 
60 million barrels of oil were produced 
per day from wells worldwide. Now that 
number is approximately 100 million bar-
rels per day, with the greatest increase in 
production coming from producers in the 
United States. Coal consumption doubled 
its average growth for the past 10 years, 
driven in large part by demand in China 
and India. As BP highlighted in its report, 
worldwide energy consumption jumped 
2.9 percent in 2018. (CONTINUED ON PAGE 32)
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Adds Andrew Marsh, assistant director 
of the Conn Center, “In terms of revolu-
tionizing energy production, expecting to 
leap the Grand Canyon in a single bound 
is unrealistic. An orderly but accelerated 
transition from fossil fuels to renewables 
will acknowledge stakeholders’ existing 
investments and expectations for perfor-
mance while encouraging inclusion of 
cost-effective, low or no-carbon technol-
ogies. We share many of the same goals 
as the energy industry: minimal econom-
ic disruption, maximum profitability 
and the healthiest environment possible 
while meeting the growing demand for 
widespread quality of life and access to 
resources.” 

Renewable and Cleaner  
Energy Technologies That  
Combine Promise and Profit

The Conn Center has identified three 
renewable and cleaner energy sources 
that, as a result of recent scientific and 
technical leaps 

FEATURE  |  Alternative Energy (CONTINUED FROM PAGE 31)

There are signs of progress, however. 
Power from renewable sources grew 14.5 
percent last year, almost as much as the 
record-breaking increase noted in this cat-
egory in 2017. Technological advances in 
geothermal energy, biofuels, solar power 
and other renewables (as well as carbon 
capture, use and storage systems focused 
on natural gas and other traditional fuels) 
are coming out of the innovation pipe-
line at a rapid, sustained pace. These im-
provements are simultaneously driving 
down the costs associated with manu-
facturing, distributing and implementing 
this technology, while at the same time 
driving up the amount of power they can 
produce and store.

Equally important, and over decades 
of effort, individuals, organizations and 
institutions promoting the move toward 
decreased reliance on fossil fuels have 
learned that, in order to shift to more ef-
ficient, lower-carbon energy sources, the 
solutions must be tied to economic re-
alities. The powers that be have simply 
invested too much in the existing global 
power-generation infrastructure to throw 
it all away. Renewable energy must take its 
place within—rather than fully replace—
the current energy system. New solutions 
must be commercially viable in order to 
create the kind of partnerships and wide-
spread adoption the world needs. Solu-
tions that are more expensive for industry, 
or the consumer, will not get adopted. The 
ones that are cost-effective will.

This, in essence, is the core mission of 
the Conn Center for Renewable Energy 
Research at the University of Louisville in 
Kentucky. Established at the University’s 
J.B. Speed School of Engineering with the 
support of alumni benefactors Hank and 
Rebecca Conn, the Conn Center conducts 
research and development on potentially 
commercial renewable energy and ener-
gy-efficient technologies. The Conn Cen-
ter’s group of approximately 60 top-notch 
scientists and engineers direct specific 
research programs, collaborate with other 
faculty researchers and work with indus-
try partners worldwide. In several ways, 
the Conn Center team is helping formu-
late and drive the global dialogue.

“We used to think we had time to ad-
dress climate change,” says Hank Conn. 
“The fact is, we don’t—not much of it, 
anyway. What we have are resources and 
some of the best scientific and engineering 
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minds in the world. If we put scientists in 
the same room with industry leaders and 
turn them loose, we can create and mone-

tize technologies that will have a tremen-
dous, positive effect on reducing carbon 
emissions and halting climate change.”

THE PHOENIX HOUSE: 
AWARD-WINNING HOME FOR THE CONN CENTER 
FOR RENEWABLE ENERGY RESEARCH

Disaster relief housing caught 
the attention of Team Kentuckiana, 
a group of students and faculty 
from the University of Louisville 
and Ball State University who were 
selected to compete in the 2013 
Department of Energy Solar De-
cathlon Competition (solardecath-
lon.gov). The biennial competition 
challenges 20 collegiate teams 
from across the U.S. to design, 
market and build a cost-effective, 
energy-efficient and attractive house under 1,000 square feet that runs on solar energy.

During the design phase, the team focused on a low-cost, solar-powered habitat for 
disaster relief. They developed an easily deployed structure that features a grid-compatible 
power system for net metering that can be linked with other homes to form local micro-
grids. This housing system, which is designed to be comparable in cost to conventional 
manufactured housing and utilities, can also be used in rural areas with greater efficiency 
and long-term equity.

The “Phoenix House” was showcased in fall 2013 at the Solar Decathlon competition site 
at Orange County Great Park in Irvine, Calif. It won first place in the “Affordability” segment 
of the competition as well as “Team Favorite.” 

After the competition, the University of Louisville utilized the Phoenix House on campus 
as the administrative offices for the Conn Center for Renewable Energy Research, which 
includes an outdoor laboratory and sculpture garden built by assistant director Andrew 
Marsh. The house continues to be utilized for further technology studies and testing of 
residential scale prototypes as well as student outreach.

University of Louisville Conn Center  
for Renewable Energy Research
Photo courtesy of Andrew Marsh

Photos courtesy of Andrew Marsh and Tom Fougerousse/University of Louisville
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C5-isolation technology to C6 isolation 
and C6-based second- and third-gener-
ation biofuels; developing useful prod-
ucts from residual fibers; and creating 
hydrophobic and durable coal-replace-
ment renewable solid fuels.

Decarbonized Natural Gas—Over 
the past 30 years, natural gas has been 
one of the fastest 
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forward, stand out as efficient, scalable 
and commercially viable solutions: solar, 
biofuels and decarbonized natural gas. 
In addition to sponsoring a wide range 
of research activities in these areas, the 
Conn Center is also working closely with 
industry and the investment communities 
to bring these technologies, among oth-
ers, to market.

Mahendra Sunkara, Ph.D., director 
of the Conn Center, notes that although 
much of the current renewables technol-
ogy was developed in the U.S., China has 
taken over the lead in production of the 
components of renewable energy sys-
tems. “The United States remains one 
of the largest producers of carbon emis-
sions,” he adds. “To foster greater adop-
tion of renewables technology and to 
have a positive impact on the global cli-
mate, it is important for manufacturing 
as well as R&D activity to come back to 
this country. As U.S. companies become 
more competitive and reap the rewards 
of renewables and new technology, they 
will be motivated to increase their invest-
ment in the development and rollout of 
these important products.”

Solar—One of the most exciting de-
velopments in the solar energy arena is 
the development of thin-film technol-

ogy. The sun is a massive resource that 
can supply much of the world’s energy 
needs, just as it has for billions of years. 
In recent years, the costs associated with 
turning this energy into electricity have 
plummeted by as much as 80 percent. 
While the expenses associated with pro-
duction have declined, adoption has been 
slow. This is due, in large part, to the in-
flexibility (literally and figuratively) of 
traditional solar panels. 

The Conn Center is at the forefront 
in the development of thin films creat-
ed from abundant natural materials that 
can be deposited via traditional, scal-
able manufacturing processes to make 
flexible, durable and lightweight form 
factors such as building-integrated pho-
tovoltaics (BIPVs). Traditional news-
paper presses (an increasing number of 
which are changing use as more read-
ers get their news electronically) could 
be refitted to print affordable, efficient 
solar panels worldwide. These panels 

can be structured, bent and manipulat-
ed in ways that allow for more pleasing 
architectural elements, which can be 
integrated seamlessly into all types of 
buildings.

Biofuels—Biomass likewise offers sig-
nificant promise as a source of energy and 
other key resources. Just as the list of prod-
ucts created from every part of the corn 
plant has grown exponentially—from food 
to cosmetics, toothpaste and fuel—bio-
mass can be converted to solid or liquid 
fuel as well as a number of other prod-
ucts without displacing food supplies.

“By turning biomass into a range of 
usable products,” says Dr. Sunkara, “we 
can lower the overall cost of biofuel pro-
duction to levels below that of produc-
ing coal. We also make use of existing 
resources from a range of industries, 
including agriculture and forestry, that 
would otherwise go to waste.”

Currently, the Conn Center is work-
ing on several innovative separation 

technologies and co-product strategies 
that are key to commercializing pro-
duction of biofuels and biochemicals. 
Among other research programs, the 
Conn Center is focusing on maximiz-
ing the extraction of 5 chain carbon 
(C5) sugars from low-lignin biomass, 
such as grain hulls, through low-ener-
gy consuming technologies; extending 

Over the past 30 years, natural gas has 
been one of the fastest growing sources  
of energy.
© Renpengfei | Dreamstime.com
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SEM image of indium nitride nanowire  
at the Conn Center.  
Photo courtesy of Chandrashekhar Pendyala, PhD

growing sources of energy. Burning 
somewhat more cleanly than other fossil 
fuels, it has helped the U.S., in particu-
lar, reduce overall CO

2 
emissions to their 

lowest levels since 1985. Advanced ex-
traction technologies such as hydraulic 
fracturing (fracking) have also enabled 
access to reserves that were previous-
ly out of reach. As a result, natural-gas 
fueled power plants are now deeply inte-
grated into power grids around the world, 
and natural gas will likely remain an 
important element in the effort to meet 
rising global demand for affordable elec-
tricity. 

Despite these advantages, natural gas 
remains a primary contributor to atmo-
spheric carbon levels. Decarbonization is 
essential for maintaining this important 

source of energy with minimal impact on 
climate change. By commercially decar-
bonizing natural gas, this opens the door 
to compounded results. 

First, although both are carbon-based 
products, we would reduce dependence 
on oil-based products by replacing them 
with cleaner natural gas. Further, by tak-
ing the carbon out of the cleaner choice 
of these two options, ultimately this 
breakthrough alone, over time, has the 
potential to affect global CO

2
 emissions 

(from carbon-based fuels) by an order of 
magnitude in the range of 10 to 20 per-
cent. The Conn Center is working closely 
with partners to develop the technologies 
that can accomplish this task. 

Second, as with the production of 
biofuels, the process of decarbonizing 

natural gas can result in a number of 
commercially viable by-products, in-
cluding hydrogen, carbon microtubes 
and other innovative carbon structures. 
These resources can be used to manufac-
ture a broad range of products, including 
plastics, solvents, paints, packaging and 
other items. Hydrogen, in particular, can 
also be used in power-storage devices—
which, as we will explore next, is the 
most important factor in determining 
adoption of renewable energies. 

It All Depends on Energy Storage

Power providers must be able to pro-
vide a steady, reliable stream of electric-
ity to their customers—individual homes 
and entire industries alike depend upon 
it. Traditional technologies such as coal-
fired, nuclear and hydro power plants 
have adapted to these requirements 
and can vary production levels to meet 
increased demand. When cold or hot 
weather, for example, increases the need 
for heating or cooling, power compa-
nies can increase production or tap into 
the electrical grid to obtain power from 
neighboring providers that are not expe-
riencing such high levels of demand.

To some degree, providers of power 
derived from solar, biofuel and decar-
bonized natural gas can anticipate and 
adjust their capacity as needed. Howev-
er, unexpected events and stressors can 
create lag times between the need for and 
the delivery of electricity. When the use 
of micro grids—groups of interconnect-
ed loads and distributed energy resources 

within clearly defined boundaries—be-
comes more common, particularly in 
rural, less-developed and low-population 
areas, alternatives will need to be further 
developed to address such spikes.

Energy storage is the solution. Wheth-
er at the level of an individual, solar-pow-
ered home or at a scale that can help sup-
port an entire region, energy suppliers 
must be able to store excess electricity 
generated during periods of low demand 
for use during times of high demand. Not 
only must energy storage, generally in 
the form of batteries, be technologically 
efficient (i.e., relatively little loss of pow-
er supply over time and across thousands 
of charge/discharge cycles), batteries 
must also be affordable.

The Conn Center is helping lead the 
charge in the development of effective 
energy storage solutions. Lithium ion 
and other lithium-based battery tech-
nologies have been widely adopted in 
part because of the relative availability 
and low cost of its primary components, 
including lithium and cobalt. Howev-
er, these resources are somewhat toxic 
and are generally located in countries 
that are politically unstable. With this in 
mind, the Conn Center is working on two 
primary tracks: furthering the develop-

ment of low-cost, high-energy-density 
Li-ion, Li-S and Li-air batteries, while 
also sponsoring research into the next 
generation of “beyond-Li” storage de-
vices, including magnesium-ion, zinc-
air and aqueous-sodium batteries, all of 
which hold promise for greatly reduc-
ing production and storage costs while 
improving efficiencies, scalability and 
durability.

What’s Required to Minimize 
Climate Change? Will, Resources 
and Science

Without human intervention to coun-
teract the effects of human activity, cli-
mate change will most certainly develop 
into a climate emergency. We are at a 
crossroads; what we face is whether we 
take steps necessary to address the prob-
lem down the road less traveled, or if we 
will continue to kick the can down the 
road we are on today.

“As we better understand the causes of 
climate change and discuss potential re-
sponses,” says Hank Conn, “it’s important 
to remember we can make a difference. 
With the right combination of will, re-
sources and scientific study, solutions that 
meet the demands of energy consumers 
and providers are well within our reach.”

The question we have to ask ourselves 
is, “Are we facing an environmental Ar-
mageddon?” My answer is no, we’re not. 
What we are facing is a bridge to the 
future—one where the energy needs of 
our world can be solved via positive en-
vironmental impact. If we can implement 
cost-effective alternatives on a faster tra-
jectory than our growing needs, we’ll 
turn the tide back in favor of Mother 
Nature. It’s within our power, and espe-
cially the team at Conn Center and their 
network partners, to practically develop 
these solutions.   T&ID

Coin cell testing for energy storage  
research at the Conn Center.   
Photo courtesy of Andrew Marsh

Industrial hemp is grown at the Conn Center 
for biofuels research.   
Photo courtesy of Andrew Marsh

“We used to think we had time to address 
climate change. The fact is, we don’t—not 
much of it, anyway,” says Hank Conn.  
Photo by Tom Fougerousse/University of Louisville

A water-splitting experiment for  
solar fuels research at the Conn Center. 
Photo courtesy of Andrew Marsh

Roll-to-roll printing of a thin film  
solar device at the Conn Center.  
Photo courtesy of Andrew Marsh




