
The new Integrated Biorefinery Research 
Facility (IBRF) offers an unprecedented 
level of flexibility for NREL’s science and 
technology experts to develop cost-effec-
tive biofuels processes and move them 
into the marketplace faster. The pilot plant 
expansion, Stage I of which was completed 
in August 2010, significantly improves the 
biofuels research and development capa-
bilities at the laboratory.

The centerpiece of the IBRF is the set of 
parallel “process trains”, composed of pre-
treatment and enzymatic hydrolysis reactors 
that break down biomass from a cellulosic 
feedstock into sugars that can be fermented 
into ethanol. Each process train handles up 
to 1 dry ton of feedstock per day and can be 
operated in multiple configurations.    

The first pretreatment reactor installed in 
the IBRF can test a variety of pretreatment 
chemistries over a broad range of reaction 
conditions, allowing researchers to tailor 
a process to handle specific feedstocks or 
yield desired products. Enzymatic hydro-
lysis reactors enable semi-continuous 
processing of pretreated materials with 
high solids content, which is a key factor 
in reducing conversion costs. 

“The IBRF provides us with considerably 
greater flexibility to configure, test, and 
prove out a range of leading biochemi-
cal processing routes to cellulosic ethanol 
and other advanced biofuels,” says Jim 
McMillan, NREL’s biochemical process 
R&D manager.  

The improved capabilities allow NREL to 
help industrial partners solve the unique 
problems they face scaling up their propri-
etary biofuels processes. Beyond allowing 
partners to leverage NREL’s equipment 
and expertise, the IBRF has enough room 
for them to bring in their own equipment 
for stand-alone or integrated testing and 
development. 

“We can accelerate biofuels research, 
development, and demonstration progress 
by supporting a wider variety and number 
of industry-driven projects,” McMillan says. 

The IBRF will be used to demon-
strate that cellulosic ethanol can be 

cost-competitive with conventional 
gasoline by 2012. It will also support the 
goals of the Energy Independence and 
Security Act of 2007, which requires U.S. 
production of 36 billion gallons of renew-
able fuels by 2022.

Stage II includes adding the second 
pretreatment and high solids enzymatic 
hydrolysis process train, constructing 
administrative offices, and modifying 
several supporting laboratories. Based on 
NREL’s utilization of a fast-track design/
build implementation approach, these 
additions are scheduled to be completed 
and operational in summer 2011. 

The main entrance to the new RSF 
with the view facing west.

IBRF Boosts Biorefinery R&D to Drive Technology to Market

Master technician and pilot plant operator Robert Lyons inspects the high-solids pretreatment reactor 
in the Integrated Biorefinery Research Facility. The new reactor greatly enhances NREL’s pretreatment 
testing and process development capabilities.
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Improved TCOs Advance Commercial Success of Thin-Film PV Cells

The thin-film solar cells in use today 
could not function without transparent 
conducting oxides (TCOs). TCOs are 
deposited on either glass or device  
active layers and are used to form the 
front of the solar cell. Improving the  
quality and properties of TCOs is widely 
recognized as a near-term avenue to 
enhance module performance and advance 
the commercial success of thin-film  
photovoltaics (PV). 

A group of NREL scientists has done 
just that. In a recently published study, 
they identified a pathway to producing 
better TCO films that demonstrate higher 
infrared transparency. They showed that 
controlled variation in the real part of the 
dielectric permittivity (which relates to a 
material’s ability to transmit or “permit” 
an electric field) of typical TCO films 
can have a profound effect on the optical 
properties of the material. Prior to this 

work, dielectric permittivity was assumed 
to be similar for all TCOs and was not 
considered a variable parameter.

“This finding surprised everyone,” said 
Tim Gessert, who leads NREL’s Thin-Film 
Technologies group. “We are modifying 
the TCO environment in ways that didn’t 
seem possible a few years ago.”

Free electrons tend to resonate (or 
wiggle) within a TCO, which can be det-
rimental to a PV device’s performance. 
“We can’t stop this from happening, but 
with this discovery, we can move the 
resonance point out farther into the infra-
red where the solar cell is not designed 
to respond because there is so little light 
energy,” said Gessert.

NREL scientists 
believe that TCO 
films with per-
mittivity control 
may have advan-
tages that could be 
exploited at a com-
mercial scale. Pro-
jections show that 

within 10 years, half of all glass manufac-
tured could be used for PV applications. 
The glass manufacturers of the world are 
keenly interested in developing value-
added products specifically for the PV 

market. NREL has filed several patents 
related to this TCO work and has long-
term working relationships with several 
major glass companies.

These companies need to identify not 
only what mechanical and optical prop-
erties the glass needs to have, but what 
kind of TCO to put on the glass. Glass 
accounts for close to half of the cost of 
manufacturing some commercial thin-
film PV cells, so improvements in this 
aren a will translate to lower costs of the 
final PV product.  

Beyond this, the 
new findings may 
hold even greater 
significance for 
other TCO materi-
als that have indus-
trial advantages, 
but in which the 
optical transmission 
remains limited 
by low electron 
mobility.

Thin-film copper indium gallium selenide (CIGS) PV creates a lightweight power supply that travels easily.

“ This finding surprised everyone. We are 
modifying the TCO environment in ways that 
didn’t seem possible a few years ago.”

Tim Gessert
NREL principal scientist,  
Thin Film Technologies Group

Functional schematic illustration of infrared light interacting with a 
free electron in a transparent conducting oxide. Findings related to this 
work have immediate application to improving thin-film solar cells.
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NREL Research Shows How to Reduce the Cost of Line-Focus Solar Power Systems

NREL’s Advanced Technology 
Vehicle Fleet

NREL’s advanced technology vehicle fleet 
serves as a showcase for visitors and a test 
bed for research and development. The 
vehicles feature promising technologies to 
increase efficiency, reduce emissions, and 
utilize renewable energy without sacrificing 

safety or comfort. NREL performs 
a variety of tests to evaluate their 
performance and help guide tech-
nology development programs.

NREL researchers now have 
access to two new vehicles. A  
Mitsubishi iMiEV electric vehicle, 
one of only 31 in the United States, 
provides an ability to evaluate 
fast charge impacts on grids and 
batteries. In addition, as a result 
of the Renewable and Sustainable 
Energy Institute (RASEI) activities 
of NREL and CU-Boulder, a pre-
production Toyota Prius plug-in 
hybrid electric vehicle, one of 150 

in the nation and of 18 to be demonstrated 
in Boulder, will contribute to transporta-
tion research program activities. NREL plans 
to add at least two more plug-in electric 
vehicles to the fleet later this fiscal year.

NREL Analyzes Impact of 
Climate Control in  
Electric Drive Vehicles

What’s the first thing you do after start-
ing your car on a hot day? Turn on the air 
conditioning (AC). But in plug-in hybrid 
electric vehicles (PHEVs) and electric 
vehicles (EVs), the expectation is for the 
stored electrical energy in the battery to 
drive the electric drive motor. Using the 
battery for immediate AC or heat reduces 
the vehicle’s charge-depleting (CD) range 
(i.e., the distance over which the vehicle 
operates on battery power alone). 

NREL engineer Robb Barnitt led the effort 
to quantify the impact of thermally pre-
conditioning the vehicle cabin and battery 
pack of PHEVs and EVs using off-board 
power supplied by the utility grid. His 
team simulated vehicle performance with 
and without thermal preconditioning over 
various drive cycles and ambient tempera-
ture scenarios. 

“We knew that climate control loads would 
have an impact on CD range, but were 

surprised by the magnitude” says Barnitt. 
“We found that climate control loads can 
reduce CD range by 35%, but that thermal 
preconditioning can partially restore CD 
range by up to 19.2%.”

Preconditioning the battery also has a posi-
tive impact. “Our findings indicate that 
battery-capacity loss over time is driven by 

ambient temperatures rather than climate 
control loads, but that pre-cooling the  
battery can reduce capacity loss by 7%,” 
Barnitt says.

NREL’s new electric drive vehicles tap into 
a solar panel to recharge their batteries.

Becoming competitive  
with fossil fuels

Reducing the cost of 
concentrating solar power 
(CSP) is a recognized 
need. The U.S. Depart-
ment of Energy (DOE) 
assigned NREL the task of 
developing a roadmap for 
reducing the cost of line-
focus solar power systems. 
Line-focus collectors 
are the most mature CSP 
technology but significant 
opportunities still exist for 
near-term cost reduction.

NREL analysts reviewed 
earlier plans, investigated current sys-
tem costs, and developed appropriate 
cost targets. They then looked at which 

subsystems and components had the great-
est opportunity for cost reduction and iden-
tified the various ways these reductions 

could be achieved. 
Specific tasks were 
developed for the 
various cost reduction 
opportunities. Ana-
lysts also generated 
budget estimates for 
these tasks, and lev-
els of priority were 
assigned to them. The 
tasks, priorities, and 
budgets were sum-
marized in a detailed 
chart covering FY 
2010 through FY 
2016 (which is the 

year the current 30 percent investment tax 
credit is slated to expire). All this informa-
tion was published in a 40-page roadmap 

document reviewed by DOE and industry 
stakeholders.

“NREL analysts showed that to be compet-
itive against fossil fuels, solar field costs 
must continue to decline and overall sys-
tem performance must improve.  Advanced 
optical and thermal storage materials R&D 
currently underway at NREL is geared 
toward achieving these objectives,” says 
Mark Mehos, NREL Program Manager 
for CSP. “This roadmap provides specific 
guidance about where and how these cost 
reductions can be achieved for line-focus 
collector systems and lays out a multi-year 
plan for achieving them.”

The plan provides valuable information 
for generating annual operating plans and 
multi-year program plans, as well as a 
measuring stick against which progress can 
be compared. The roadmap is available in 
the publications section of www.nrel.gov.
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NREL Teams Advance Hydrogen Production, Reduce Costs

Hawaiian Hydrogen Initiative Benefits from NREL Support

NREL research is finding new and 
improved ways of increasing hydrogen 
(H2) production and lowering costs using 
biology. Hydrogen has the highest energy 
density on a molar basis of any fuel and its 

biological production has a small environ-
mental footprint. NREL research is leading 
the way to developing the technical foun-
dation to support its widespread use.

Principal Scientist Pin-Ching Maness 
and her team are increasing the rates and 
yield of H2 production by fermentation of 
lignocellulosic biomass feedstocks using 
Clostridium thermocellum, a bacterium 
that has one of the highest rates of cel-
lulose degradation among all bacteria. It 
directly converts the recalcitrant lignocel-
lulose to H2 in a consolidated approach, 
in lieu of the expensive two-step process 
using exogenous cellulases.

Potential biomass feedstocks include agri-
cultural residues, dedicated energy crops, 
wood residues, and municipal paper waste. 
Increasing the hydrogen yield from these 
plentiful, low-cost sources and improving 
the processing techniques reduces the cost 
of hydrogen. 

The research has two main goals: opti-
mizing fermentation parameters in 
bioreactors and developing a genetic 
system to redirect metabolic pathways to 
improve H2 molar yield. The NREL team 
has achieved success in 
transforming C. thermo-
cellum, a critical first step 
toward genetic engineer-
ing to improve yield of H2. 
Working with Dr. Bruce 
Logan of Pennsylvania 
State University, both 
teams have achieved very 
high H2 molar yield in an 
integrated system combining fermenta-
tion with microbial electrolysis cell.

“Addressing bioreactor process optimi-
zation and H2 molar yield together will 
improve the techno-economic feasibility 
of H2 production through fermentation,” 
says Maness.

Meanwhile, in another approach to 
advancing hydrogen production, Maria 
Ghiardi, photobiology group manager and 
principal scientist, has utilized bioreactor 
conditions that promote algal growth in 
thin films to solve one of the major chal-
lenges for algal production of hydrogen: 
the sensitivity of the hydrogen producing 

enzymes to the presence of oxygen. This 
biological route to hydrogen redirects 
light capturing photosynthetic pathways to 
split water to produce hydrogen. A major 
technical roadblock for photobiological 

algal production of hydrogen is that pho-
tosynthesis also produces oxygen, which 
is highly inhibitory to the hydrogenase 
enzymes that produce hydrogen.

The immobilized thin-film algal bioreactor 
meets the challenge of preventing oxygen 
inactivation of the hydrogenase by promot-
ing oxygen use and uptake by respiration 
in the immobilized algal thin films. The 
immobilized algae concept represents 
major progress in developing a low-cost, 
photobiological H2-producing system.

“This is quite an achievement and has impli-
cations for the cost,” Ghirardi said. “Poten-
tially, this is a very efficient system.”

NREL analysts within the Hydrogen  
Technologies and Systems Center support 
the Hawaii Hydrogen Initiative to under-
stand the infrastructure requirements  
to expand hydrogen fuel cell vehicles on 
the island of Oahu.

The Gas Company (TGC), Hawaii’s natural 
gas provider, and General Motors (GM) lead 
the program, which plans to make Hawaii 
an early pilot market for full-scale launch 
of fuel cell vehicles by 2015. NREL, which 
has a history of working with GM and other 
fuel cell vehicle manufacturers, and Sandia 
National Laboratories are providing cost 
and infrastructure analyses.

“We’re a natural choice because of our 
history and understanding of infrastruc-
ture needs for fuel cell vehicles,” says Marc 
Melaina of the Hydrogen Technologies and 
Systems Center.

TGC’s Oahu gas pipeline conveys synthetic 
natural gas (SNG) that contains nearly 10% 
hydrogen mixed with the SNG. Slipstreams 
along TGC’s 1,000-mile pipeline system 
could be used to separate the H2 from the 
SNG for use at local fueling stations. 

“ This is quite an achievement and has 
implications for the cost. Potentially, this 
is a very efficient system.”

Maria Ghiardi
Photobiology group manager 
and principal scientist

The Chevy fuel cell vehicle, with Diamondhead 
in the background, was the first hydrogen-
powered fuel cell vehicle on Oahu.
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NREL’s Pin-Ching Maness examines a bioreac-
tor that ferments agricultural and paper  
residues with a cellulose-degrading bacterium, 
Clostridium thermocellum.
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The Fitzmartin Consulting retrofit project  
involves renovating one floor of the five-floor 
HRO law offices in the Wells Fargo Center in 
downtown Denver, Colorado. 

NREL researchers develop tools and strategies that can be immediately 
deployed to cost-effectively reduce the energy consumption of  
commercial buildings. Here are some examples of how their work is  
making an impact today.

Making Older Buildings Better — 
At the Right Price

Recently, NREL recommended very dif-
ferent strategies to retrofit two buildings 
under the U.S. Department of Energy’s 
(DOE) Commercial Building Partnerships 
initiative.

CB Richard Ellis manages 38 million 
square feet of commercial property in the 
United States. Working alongside private-
sector experts, NREL provided technical 
assistance for a 20,000-square-foot reno-
vation in a 1980s high-rise. The team’s 
analysis identified a suite of 
changes resulting in a dra-
matic 37% energy savings.

For this project, submeter-
ing equipment collected data 
necessary to perform whole 
building energy modeling-
enabling the team to explore 
many options. They decided 
upon a range of retrofits addressing air 
handling units, thermostats, lighting, and 
plug loads. Combined, these measures 
have the potential to save almost 7 million 
kWh of electricity annually if adopted 
throughout the building.

ProLogis owns more than 300 million 
square feet of industrial space in the United 
States. NREL provided technical assis-
tance for a lighting upgrade to a ProLogis 
800,000-square-foot unconditioned 
warehouse.

Through lighting power density calcula-
tions, NREL demonstrated that substi-
tuting fluorescent fixtures for existing 
lights reduces energy use by 30% without 
impacting illumination levels. This change 
will result in annual savings of almost 1.2 
million kWh of electricity. “This lighting 
retrofit is very cost-effective, with a pay-
back period of less than two years,” says 

Ron Judkoff, NREL’s principal program 
manager for Buildings R&D.

These projects can be replicated in build-
ings throughout the United States. 

Providing the Market with  
the Right Tools

Whether retrofitting existing buildings or 
designing new buildings, energy simula-
tion helps identify the most cost-effective, 
energy-saving measures. NREL enables 
energy modeling through a new develop-
ment platform, OpenStudio, for the popular 

EnergyPlus building simulation software. 
OpenStudio allows developers to more 
easily create graphically based applications 
leveraging the powerful EnergyPlus engine.

OpenStudio has two key attributes to 
help expand the number of applications 
for EnergyPlus. First, it’s open source to 
allow a broad community of developers to 
enhance OpenStudio components. Second, 
it’s cross-platform so that software is writ-
ten only once for many platforms.

NREL also developed useful tools based 
on OpenStudio including a plug-in for 
Google SketchUp, which makes it easy 
to create building geometry and run 
EnergyPlus simulations from SketchUp, 
and ResultsViewer, which displays 
EnergyPlus results graphically. There’s 
more to come — NREL is planning new 
tools to help professionals improve the 
efficiency of buildings.  

NREL Assists DOE in Reducing 
Home Energy Use
DOE’s Building America Program is 
an industry-driven research program 
designed to reduce risks, increase cost 
effectiveness, and increase the aver-
age annual energy savings provided by 
advanced building technologies in exist-
ing and new homes. In Fiscal Year 2010, 
Building America expanded its focus on 
retrofits of existing homes and selected 
15 new research teams to develop reliable 
building energy systems that could reduce 
average home energy use by 40%-100%. 
NREL’s Residential Building Research 
team managed the Request for Proposal 
and selection of the teams, and serves as 
technical monitor for the teams. In addi-
tion, NREL hosted Building America’s first 
Residential Buildings Technical Update 
Meeting, which brought together more 
than 220 building industry professionals 
in Denver to discuss successes and chal-
lenges in improving energy perfomance  
of homes. 

“ This lighting retrofit is very cost- 
effective, with a payback period of less 
than two years.”

Ron Judkoff
Principal program manager,  
Buildings R&D

NREL Research Results in More Efficient Buildings and Better Modeling Tools 
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NREL science and technology experts at the 
National Wind Technology Center estimate 
there are 4,150 gigawatts of potential wind 
turbine nameplate capacity (maximum 
turbine output) from offshore winds in the 
United States. The estimate is approxi-
mately four times the nation’s 2008 electric 
generating capacity from all sources, as 
calculated by the U.S. Energy Information 
Administration. As a result, this estimate 
and the research behind it, will be used to 
plan, distribute, and develop future offshore 
wind power facilities in the United States.

The research is detailed in an NREL 
report, Assessment of Offshore Wind 
Energy Resources for the United States, 
and is based on the latest high-resolution 
maps predicting annual average wind 
speeds. The report shows the gross energy 
potential of offshore wind resources. 

The report contains detailed wind energy 
resource maps and tables for the offshore 
wind resources of 26 coastal states bor-
dering the oceans and the Great Lakes. In 
this report, the potential electric generat-
ing capacity was calculated from the total 
offshore area within 50 nautical miles of 
shore, in areas where average annual wind 
speeds are at least 7 meters (m) per sec-
ond (approximately 16 miles per hour) at 
a height of 90 m (295 feet). For purposes 
of this study, it was assumed that 5 mega-
watts (MW) of wind turbines could be 
placed in every square kilometer of water 
that met these wind characteristics. 

Offshore wind energy projects totaling 
more than 5,000 MW have been proposed 
and are in the planning or development 
stages in the United States, and interest 
in offshore wind power development is 

growing among governments and also in 
the private sector. Currently, no offshore 
wind farms exist in the United States. 

Estimates of wind availability and distri-
bution are characterized by the level of 
annual average wind speed, water depth, 
distance from shore, and state adminis-
trative areas. The estimate in this report 
does not describe actual planned offshore 
wind development, and the report does 
not account for offshore areas that may 
be excluded from energy development on 
the basis of environmental, human use, or 
technical considerations. 

The new database will be revised periodi-
cally to reflect better wind resource esti-
mates and to include updated information 
from other datasets. It is intended to serve 
as the foundation for future modifications. 

NREL Researchers Find Huge National Offshore Wind Energy Potential

Wind Speed at 90m
m/s mph
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United States offshore wind resource at 90 meters (295 feet) above the surface.
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NREL Identifies Significant Breakthrough  
in State-Space Hydrodynamic Modeling

NREL Engineers to Test Largest Turbine Yet

Hydrodynamic models are central to the 
design of offshore wind turbines. Cur-
rent models, though adequate for simula-
tion, are totally inadequate for stability 
and modal analyses, or for controls design 
because of their formulation method.

NREL researchers developed a novel 
system-identification technique to identify 

hydrodynamic models in the state-space 
domain — a significant breakthrough. 
These state-space models offer immense 
capabilities previously unavailable, for 
example, modal and stability analyses, 
advanced controls design, faster simula-
tions, and tight coupling of hydro state-
space models with structural models. The 

new technique will also allow identifica-
tion of hydrodynamic state-space models 
from tank tests or field-operations data. 
The concept, presented at the 2010 Ocean, 
Offshore and Arctic Engineering confer-
ence, received strong interest, particu-
larly by maritime researchers, who see its 
impacts in terms of extended benefits and 
enormous computational time savings.  In 
the immediate future, NREL plans to fur-
ther develop this concept and demonstrate 
its application to a broad range of tests, 
including simulation, stability analysis, 
and controls design. The results will be 
presented at a number of high visibility 
conferences.

Recent resource assessments by NREL 
have shown the considerable potential of 
offshore wind development.  Of the con-
tiguous 48 states, 28 have a coastal bound-
ary. U.S. electric use data show that these 
same states use 78% of the nation’s elec-
tricity (EIA 2006). For most coastal states, 
offshore wind resources are the only indig-
enous energy source capable of making a 
significant energy contribution. In many 
congested energy-constrained regions, 
offshore wind plants might be necessary to 
supplement growing demand and dwin-
dling fossil supplies.  This hydrodynamic 
state-space modeling development will be 
of great interest and aid toward the goal 
of developing the nation’s huge offshore 
wind resource. 

Under a Cooperative Research 
and Development Agreement 
(CRADA), NREL engineers  
will conduct field tests to 
International Electrotechnical 
Commission (IEC) standards on 
power quality, power perfor-
mance, acoustic noise, and 
vibration that Alstom can use 
for certification. The research 
team will also continue a long-
term fatigue loads study over 
several years.

Alstom, a global organiza-
tion and wind turbine manufacturer, is 
building its first North American plant, a 
115,000-square-foot wind power turbine 
assembly facility in Amarillo, Texas. NREL’s 

David Withrow (left) and Terry Boston 
(center), of PJM Interconnection, tour 
the National Wind Technology Center with 
Director, Fort Felker.

NREL researchers have developed a novel system-
identification technique to identify hydrodynamic 
models in the state-space domain, a breakthrough 
for offshore wind turbine design.

testing of the Eco100 will provide Alstom 
with the reports it needs to meet IEC  
standards to certify the turbine and spur 
U.S. production. 
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NREL Science and Technology People in the News

Three NREL Scientists Lauded as Industry Pioneers

At the recent World Renewable Energy 
Congress/Network (WREN) in Abu 
Dhabi, three NREL researchers were 
named WREN Pioneers. Falah Hasoon, 
Chuck Kutscher, and David Renné were 
recognized for the impact their discov-
eries and innovations have made to the 
progress and acceptance of renewable 
energy technologies.

Falah Hasoon is  
a senior scien-
tist at NREL. 
For more than 
25 years, he 
has actively 
researched mate-
rial growth and 
characterization 
of photovoltaic 
materials and device processing.

Chuck Kutscher is 
a principal engi-
neer and manager 
of the Thermal 
Systems Group 
at NREL. He 
currently leads 
research on para-
bolic trough solar 
collector systems 
and the development of a design  
handbook on solar industrial process 
heat systems.

David Renné is a principal program man-
ager with NREL’s Resource Information 
and Forecasting Group. He develops and 
manages programs on renewable energy 
resource assessment and analysis, and the 
integration of resource data into geo-
graphic information systems.

Mike Himmel received the Charles D. 
Scott Award at the 32nd Symposium on 
Biotechnology for Fuels and Chemicals. 
Himmel is principal group manager of the 
Biomolecular Sciences Group at NREL 
and has served as principal investigator 
for DOE’s Office of Energy Efficiency and 
Renewable Energy’s Biomass Program 
since 1992. 

Rommel Noufi has 
won the first-ever 
Distinguished  
Innovator Award, 
created by NREL 
to honor a single 
individual’s long-
term, sustained 
commitment to the 
laboratory. Noufi is 
a principal scientist in the National Center 
for Photovoltaics and has been a primary 
innovator in the area of copper indium 
gallium selenide (CIGS) photovoltaic 
solar cell technology.
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Manuel Romero has been named a Hispanic 
Engineer National Achievement Awards 
Corporation (HENAAC) Annual Luminary 
by Great Minds in STEM (science, technol-
ogy, engineering and mathematics). Romero 
is a senior scientist at NREL’s Measure-
ments and Characterization Division at the 
National Center for Photovoltaics.

Bob Thresher and 
Larry Flowers were 
each named 2010 
Innovators in Wind 
Power by Wind-
power Engineering 
magazine. Thresher, 
pictured right, is an 
NREL Wind Energy 
Research Fellow 
and has 30 years of exemplary experi-
ence in the field. He served as director 
of the National Wind Technology Center 
(NWTC) from 1994 to 2008. Flowers is a 
principal project leader at the NWTC.

Paul Veers, who had a distinguished 30-year 
career including Wind Energy Technology 
Program Manager at Sandia National Labo-
ratories, has joined the National Wind Tech-
nology Center at NREL as chief engineer.

John Wohlgemuth, formerly a senior scien-
tist with BP Solar and project manager for 
that company’s DOE-sponsored Technology 
Pathways Partnership Program, has joined 
NREL as a principal reliability physicist.

Alex Zunger, a 
research fellow at 
NREL, was awarded 
two prestigious 
scientific honors 
by the University 
of Rome, Italy—the 
2010 Tomassoni 
Physics Prize and 
the Science Medal 
of Scola Physica Romana. Zunger was 
selected for “his fundamental contributions 
to the development of the Quantum Theory 
of Real Solids.”
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Helena Chum, a 
research fellow at 
NREL, was named 
a 2010 American 
Chemical Soci-
ety (ACS) Fellow. 
Chum was recog-
nized as a distin-
guished scientist 
who has demon-
strated outstanding accomplishments  
in chemistry and made important contri-
butions to ACS. 

Trudy Forsyth, a 
senior engineer at 
the National Wind 
Technology Center, 
was recognized by 
the International 
Electrotechnical 
Commission (IEC) 
with the 2010 IEC 
1906 Award.
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The stability of biodiesel, petroleum diesel, and blends of the two con-
cerns NREL researchers not only at work but also at home. NREL Princi-
pal Engineer Bob McCormick has seen the neighborhood kids waiting for 
the school bus that never comes on very cold mornings in the Colorado 
foothills. Unlike some parents, he and his NREL team have the resources 
to understand the problem, and 
in the spring of 2010, the team 
made a research breakthrough. 

It has long been known that 
diesel /biodiesel blends do not 
always perform well at very low 
temperatures and, more impor-
tantly, that predicting the tem-
perature at which they exhibit 
reliable performance is difficult. 
McCormick and NREL Staff 
Chemist Gina Chupka set out to 
study the unpredictable nature 
of biodiesel crystallization — the 
condition that impedes the flow 
of the fuel in cold weather. The 
first components that crystallize 
at low temperatures cause the 
fuel to become visually cloud-
ed and the term “cloud point” is used to designate the temperature at 
which those crystals form. (Light passed through a sample of the fuel 
is scattered as it begins to crystallize and becomes cloudy.) However, 
cloud point has not been a reliable predictor of biodiesel’s performance, 
and determining why was the overall goal of the research. 

Chupka, who headed up the study, discovered that at certain concen-
tration levels saturated monoglycerides (SMGs), a minor impurity in 
biodiesel, can crystallize and then begin to dissipate as the fuel warms, 
but upon continued warming, the SMGs recrystallize into a more sta-
ble crystalline form that ultimately melts at a much higher temperature. 
“This was a real breakthrough in our understanding of the cause of 
biodiesel low-temperature problems,” explains McCormick, who has 
been working with the Fuels Performance Group in NREL’s Center for 
Transportation Technologies and Systems for more than nine years.

The NREL team believes that the SMGs initially precipitate as a less 
stable or metastable polymorph — that over time or upon slow heating 
converts into a more stable, higher melting polymorph. Polymorphs of 
the same material have the same chemical composition but a differ-
ent crystalline structure and thus will demonstrate different physical 
properties; they will have different melting points, solubility, and sta-
bility. According to McCormick, this discovery could lead to more de-
pendable, cold-weather biodiesel. “We could improve the performance 
of biodiesel by limiting the amount of saturated monoglycerides,” he 
says. It can also lead to different test methods and cloud point ratings 
for biodiesel, making its performance more predictable in the future.

Light microscope images showing the ini-
tial SMG crystals that form upon cooling 
(top) and the more stable, higher-melting-
point crystals that form upon warming or 
holding at constant temperature (bottom).

Transportation Team Breakthrough  
Paves Way for More Reliable Biodiesel

Christensen is NREL’s new Deputy  
Laboratory Director for S&T

Dana C. Christensen became NREL’s 
new Deputy Laboratory Director for 
Science & Technology on November 1. 
Christensen came to NREL from Oak 
Ridge National Laboratory (ORNL), 
where he served as the Associate Labo-
ratory Director for Energy and Engi-
neering Sciences. In his most recent 
role at ORNL, Christensen was respon-
sible for more than $350 million in 
programs for a variety of government 
and industrial sponsors in all dimensions of energy science and 
technology including energy efficiency and renewable energy.

Prior to his tenure at ORNL, he was the Principal Associ-
ate Laboratory Director for Threat Reduction at Los Alamos 
National Laboratories. He has 27 years of management experi-
ence in materials science, fossil and renewable energy, and 
scientific research in support of the U.S. Department of Energy 
(DOE) and other government agencies.

He attended New Mexico State University, graduating with 
baccalaureate and doctoral degrees in chemical engineering, 
and attended the University of New Mexico, receiving an MBA. 
He is the author of numerous publications on the science and 
technology of plutonium chemical processing.

Corbus Named Laboratory Program  
Manager — Electricity Systems
David Corbus was named NREL Labora-
tory Program Manager–Electricity 
Systems in mid-September, succeeding 
Richard (Dick) DeBlasio. Corbus will lead 
NREL activities funded by the Department 
of Energy’s (DOE’s) Office of Electricity 
Delivery and Energy Reliability (OE), 
providing program direction, technical 
leadership, and business management as 
well as program development for NREL’s 
portfolio of projects funded by DOE-OE.

Corbus joined NREL in 1991 as an energy analyst, and after 
four years working in areas such as environmental analysis, 
transferred to the National Wind Technology Center (NWTC). At 
the NWTC, he tackled a range of activities including wind turbine 
research and international applications of renewable energy 
technologies. Corbus moved to the systems integration group 
in 2005, where he has focused on electrical grid operating 
impacts, transmission, and interconnection issues. This included 
working closely with regional grid operators, and he is the 
project manager for both the Eastern Wind and the Oahu Wind 
Integration and Transmission studies. He succeeds Sue Hock, 
who managed NREL’s Smart Grid activities that were funded by 
DOE-OE in FY 2009-10. Corbus holds a master’s degree in applied 
science/mechanical engineering and a bachelor of arts from 
New York University.
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“Black Silicon” Nanocatalytic Wet-Chemical Etch
Also honored was NREL’s “Black Silicon” Nanocatalytic Wet-
Chemical Etch. With this technology, NREL PV researchers have 

shown that silicon solar cells 
that are chemically etched to 
appear black can better absorb 
the sun’s energy. The inex-
pensive, one-step antireflec-
tion technique allows silicon 
wafers to absorb 98% of solar 
radiation — a 3% gain over the 
conventional antireflection 
method. This development 
promises to reduce manufac-

turing production cost and capital expense, with the improve-
ments resulting from NREL’s invention potentially lowering the 
levelized cost of energy from a silicon PV array by about 2.5%. 

NREL Solar Technologies Take Home Two R&D 100 Awards

Two innovative NREL solar technologies earned R&D 100 
Awards in 2010. These prestigious awards — nicknamed the 
“Oscars of Invention” — honor the best new technologies from 
around the world as judged by 
the editors of R&D 100 Mag-
azine and a jury of special-
ists in their respective fields. 
For their contributions to the 
development of a utility-scale 
power generator and their 
invention of an etching tech-
nique for silicon solar cells, 
researchers at the National 
Center for Photovoltaics 
(NCPV) earned NREL two places on this year’s list, bringing 
the laboratory’s total number of R&D 100 winners to 47.

Amonix 7700 Solar Power Generator
The Amonix 7700 Solar Power Generator was developed in a 
partnership between NREL and Amonix, a leading producer 
of concentrating photovoltaic (PV) systems. This invention is 
a highly efficient bulk power generator that can produce 40% 
more energy than conventional fixed PV panels. It is the first 
terrestrial PV system capable of converting one-fourth of the 
sun’s energy into usable electricity. The 52-kilowatt system 
was designed for utility-scale concentrator applications and is 
expected to sharply increase the opportunity for PV-generated 
electricity to reach grid parity with fossil fuels.

“ These two technologies will play an  
important part in advancing solar energy’s 
competitiveness and enhancing the 
availability of solar power in the United States 
and around the world.” Dan Arvizu

NREL Director

NREL’s wet-chemical etching technology demonstrates that “black 
silicon” solar cells can better absorb solar energy.

The Amonix 7700 concentrates the energy of the sun to generate bulk 
power — producing “more power per tower” than any of its competitors.
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NREL Researchers Shine at Photovoltaic 
Specialists Conference

NREL’s contributions to the photovoltaic (PV) industry 
were recognized at the 35th Annual Photovoltaic Special-
ists Conference, held earlier this year in Hawaii. Leading 
PV researchers from around the world participated in the 
conference’s presentations, lectures, and tutorials on the lat-
est advancements in the field. NREL attendees shared critical 
developments in their specialized areas of PV research and 
development, contributing 62 abstracts to the conference, 
all of which were accepted. Twenty-seven of these abstracts 
were selected for oral presentations — by far the most chosen 
from any single organization at the conference.
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 n Concentrating Solar Power, Best 
Practices Handbook for the Collection 
and Use of Solar Resource Data (PDF 
7.32 MB) 

n Solar Power and the Electric Grid, 
Energy Analysis (PDF 767 KB) (fact 
sheet)

n Solar Powering Your Community: A 
Guide for Local Governments, Solar 
Energy Technologies Program (PDF 751 
KB) (fact sheet)

Wind
n 2009 Wind Technologies Market Report 

(PDF 2.98 MB)
n Assessment of Offshore Wind Energy 

Resources for the United States (PDF 
9.59 MB)

n Environment and Siting: Supporting 
Research on Impacts to Birds, Bats and 
Habitats from Wind Development  
(PDF 580 KB) (fact sheet)

n National Wind Technology Center —  
Wind Resource Assessments and 
Mapping (PDF 580 KB)

n Wind Energy Ordinances (PDF 559 KB) 
(fact sheet) 

NREL research resulted in several signifi-
cant publications in the latter half of 2010.  
All of these publications are available on 
NREL’s Web site.

Advanced Vehicles and Fuels
n “Environmental and Sustainability 

Factors Associated With Next-
Generation Biofuels in the U.S.: What 
Do We Really Know?” (journal article) 

n NREL’s Hydrogen-Powered Bus  
Serves as Showcase for Advanced 
Vehicle Technologies (PDF 885 KB) 
(tri-fold brochure) 

Biomass
n Algal Biofuels R&D at NREL (PDF 918 

KB) (fact sheet) 
n BioEnergy Atlas (Web portal)
n Novel Biomass Conversion Process 

Results in Commercial Joint Venture 
(PDF 908 KB)

n Novel System for Recalcitrance 
Screening Will Reduce Biofuels 
Production Costs (PDF 904 KB)

 n Reducing Enzyme Costs Increases Market 
Potential of Biofuels (PDF 982 KB)

Buildings
n Advanced Energy Design Guide for 

Small Hospitals and Healthcare 
Facilities (PDF 906 KB) (journal article)   

 n Research Support Facility — A Model  
of Super Efficiency (PDF 461 KB)  
(fact sheet) 

n Technical Support Document: 
Strategies for 50% Energy Savings in 
Large Office Buildings (PDF 1.98 MB)

Energy Analysis
n NREL Helps Apply Renewable Energy 

and Energy Efficiency Technologies 
Worldwide (PDF 425 KB) (fact sheet)

n Policymaker’s Guide to Feed-in Tariff 
Policy Design (PDF 2.1 MB) 

Geothermal
n Geothermal Policymakers’ Guidebooks 

(NREL Web subsite) 
n Geothermal Energy Production from 

Co-Produced and Geopressured 
Resources (PDF 588 KB) (fact sheet) 

Solar
n Community Response to Concentrating 

Solar Power in the San Luis Valley 
(PDF 1 MB)  

NREL Releases High-Impact Publications

Renewable fuel from NREL’s wind and solar facilities.

Filling up at NREL’s Hydrogen Fueling Station
The hydrogen dispensed at the station is produced 
via water electrolysis as part of a wind-to-hydrogen 
demonstration project.  A partnership between NREL 
and Xcel Energy, this project integrates wind turbines 
and photovoltaic arrays to power electrolyzer stacks 
that split water into hydrogen and oxygen.  The 
hydrogen is then compressed and stored for later use.

NREL recently outfitted the station with cascading 
storage tanks, which decrease the time required for 
refueling.  This is particularly beneficial for vehicles  
with large onboard storage systems like the H

2ICE 
bus, which can take up to 30 kg of hydrogen in a single 
fueling.  The station has a 130 kg storage capacity at  
413 bar (6,000 psi), so filling the bus takes about  
20-30 minutes. 

Visitors to the National Renewable Energy 
Laboratory (NREL)—the nation’s primary laboratory 
for renewable energy and energy efficiency research  
and development—now have the opportunity to tour 
NREL in a hydrogen-powered shuttle bus.  Produced by 
Ford Motor Company, the 12-passenger bus is used for  
special events and new employee orientation.  

The U.S. Department of Energy funded the lease for 
NREL’s hydrogen-powered internal combustion engine 
(H

2ICE) bus, along with 12 other buses at federal 
facilities across the country, to demonstrate market-
ready advanced technology vehicles.

How do H2ICE vehicles work? 
Ford was one of the first automakers to develop 
commercially available H

2ICEs, which use the same 
basic technology as gasoline-powered engines but run 
on hydrogen fuel.  The bus has a 6.8-liter supercharged 
Triton V-10 engine.  Only modest design adjustments 
are needed to switch a basic gasoline-powered engine 
to a hydrogen-powered engine, such as using alternate 
materials for valve seats and other parts that may 
become brittle when exposed to hydrogen.  

Using H
2ICEs offer many advantages.  They are highly fuel 

efficient—up to 25% more efficient than gasoline-fueled 
ICEs.  NREL’s H

2ICE bus can run for about 175 miles per 
fill up.  In addition, NREL has its own hydrogen fueling 
station, which dispenses some of the greenest hydrogen 
in the world made using wind and solar energy.

H2ICE Advantages

• H
2ICE vehicles operate on hydrogen, which 

can be made from a wide variety of domestic, 
renewable resources such as solar, wind, and 
geothermal energy. 

• When fueled by renewable hydrogen, H
2ICE 

vehicles have near-zero lifecycle greenhouse 
gas emissions. 

• Compared to conventional gasoline  
vehicles, H

2ICE vehicles produce minimal 
tailpipe emissions. 

• H
2ICEs are fuel efficient—up to 25% 

more efficient than conventional spark  
ignition engines .

• Only modest design modifications to standard 
ICE technology are necessary, so the engine 
technology is familiar to mechanics and fleet 
personnel.

• With very few cost and technical issues  
limiting commercialization and deployment, 
H

2ICE vehicles can help create the demand 
needed to support the development of a 
hydrogen infrastructure.

NREL’s Hydrogen-Powered Bus Serves as Showcase for
Advanced Vehicle Technologies 

• Hydrogen is the simplest element on Earth.
• Hydrogen is rarely found in its pure form; instead, 

it’s found in compounds such as water, methane, 
and biomass.

• Hydrogen is the lightest gas; it rises and 
disperses rapidly.

• Hydrogen is odorless, colorless, and nontoxic.
• When hydrogen burns in air, it doesn’t  

produce smoke.

• 1 kg of hydrogen has the same energy content 
as 1 gallon (3.2 kg) of gasoline.

Fast Facts about Hydrogen

The RSF is expected to be the nation’s largest ultra-efficient building. 

(Courtesy of Frank Ooms, Frank Ooms Photography)

As employees of the U.S. Department 

of Energy (DOE) and the National 

Renewable Energy Laboratory (NREL) 

move into the new Research Support 

Facility (RSF) in Golden, Colorado, the 

idea of a highly energy efficient office 

space is becoming a real ity. The building 

is expected to use 50 percent less energy 

than if  it were built to current commer

cial code and to qualify for the U.S. 

Green Building Council’s Leadership 

in Energy and Environmental Design 

(LEED) Platinum rating.

With 19 percent of the primary energy 

in the United States consumed by 

commercial buildings, DOE’s goal for 

the RSF project is to help change the 

way commercial office buildings are 

designed and built.

Design-Build Approach
To meet stringent time and performance goals—while mitigating costs and risks— 

the RSF project team developed an innovative approach that relied on an integrated 

design and construction approach, extensive upfront planning, a national design com

petition, energy modeling, and a firm fixedprice contract. DOE and NREL invited 

nearly a dozen designbuild teams to submit proposals. Three teams were shortlisted 

to develop concept designs and submit proposals. The Haselden Construction and 

RNL team won the designbuild competition and began work in July 2008.

Renewable Energy and Energy Efficiency Features
The RSF building showcases numerous highperformance design features, passive 

energy strategies, and renewable energy technologies. It is a prototype for the future 

of largescale ultraefficient buildings. 

1. Building orientation: The relatively narrow floor plate (60' wide) enables daylighting 

and natural ventilation for all occupants. Building orientation and geometry 

minimizes east and west glazing. North and south glazing is optimally sized and 

shaded to provide daylighting while minimizing unwanted heat losses and gains.

2. Labyrinth thermal storage: A labyrinth of massive concrete structures is in the 

RSF crawl space. The labyrinth stores thermal energy and provides additional 

capacity for passive heating of the building. 

3. Transpired solar collectors: Outside ventilation air is passively preheated via a 

transpired solar collector (a technology developed by NREL) on the building’s 

southfacing wall before delivery to the labyrinth and occupied space.

4. Daylighting: 100 percent of the workstations are daylit. Daylight enters the upper 

portions of the southfacing windows and is reflected to the ceiling and deep into 

the space with lightreflecting devices. 

5. Triple glazed, operable windows with individual sunshades: Aggressive window 

shading is designed to address different orientations and positions of glazed 

openings. Occupants can open some windows to bring in fresh air and cool the 

building naturally.

6. Precast concrete insulated panels: A thermally massive exterior wall assembly using 

an insulated precast concrete panel system provides significant thermal mass to 

moderate the building’s internal temperature. 

7. Radiant heating and cooling: Approximately 42 miles of radiant piping runs 

through all floors of the building, using water as the cooling and heating medium 

in the majority of workspaces —instead of forced air. 

Research Support 
Facility—A Model 
of Super Efficiency 

Imagine an office building so 

energy efficient that its 800 

occupants consume only the 

amount of energy generated 

by renewable power on and 

near the building.

Fast Facts 

Size: Approximately 222,000 sq. ft.

Occupants: Approximately 800

Energy Use: 35 kBtu/sq. ft./year*

Energy Performance: 50 percent better 

than ASHRAE 90.1 2004 standard

LEED Rating: Platinum** (including 

the maximum points for energy)

Cost: $57.4 million (construction cost); 

$64 million, including furnishings 

*Includes high-performance data center

**Targeted

Solar Power and the Electric Grid
In today’s electricity generation system, different resources make different contributions to the electricity grid. This fact sheet illustrates the roles of distributed and centralized renewable energy technologies, particularly solar power, and how they will contribute to the future electricity system. The advantages of a diversified mix of power generation systems are highlighted.

Grid 101: How does the electric grid work?The electric grid—an interconnected system illustrated in Figure 1—maintains an instantaneous balance between supply and demand (generation and load) while moving electricity from generation source to customer. Because large amounts of electricity are difficult to store, the amount generated and fed into the system must be care-fully matched to the load to keep the system operating.

Figure 1. The electric grid

The Electric Grid
Centralized generation can be 
located far from areas of high 
population and feeds large amounts of electricity into the transmission lines.

Transmission lines carry high voltage electricity from centralized power 
plants to a substation.

The electricity is converted to lower voltage at the substation.

Distribution lines carry lower voltage electricity to the  load.

Distributed generation is any source of electricity that is at or near the 
point of load. It can be connected to the utility’s distribution lines, or just provide power to a stand-alone load.

Generation

Substation

Load

Energy Analysis
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The U.S. Department of Energy’s (DOE) Geothermal 

Technologies Program (GTP), with support from DOE’s national 

laboratories, conducts research, development, and demonstration 

projects throughout the United States on co-produced and 

geopressured geothermal energy resources. 

The American Recovery and Reinvestment Act of 2009 

expanded GTP’s demonstration work into geopressured fields 

and geothermal co-production from oil and natural gas fields. 

GTP supports demonstrations of these innovative technologies  

to advance geothermal energy use and production.  

Co-Produced Resources 

An average of 25 billion barrels of hot water are produced 

annually from oil and gas wells within the United States. 

Historically this hot water has been an inconvenience and has 

required costly disposal; however, it is now being looked at 

as a resource that can be used to produce electricity for field 

operations or sold to the grid. Co-produced geothermal resources 

can deliver near-term energy savings, diminish greenhouse gas 

emissions, extend the economic life of oil and gas fields, and 

profitably utilize abandoned oil and gas field infrastructure.

Innovative technologies are expanding the geothermal resource 

base by utilizing lower-temperature fluids. These technologies 

Geothermal Energy 

Production with Co-produced 

and Geopressured Resources 

currently use a binary Organic Rankine Cycle (ORC), which 

transfers the heat from geothermal fluid (mostly water) to a 

second fluid that vaporizes at a lower temperature and higher 

pressure than water. This vapor is then used to drive a turbine 

to produce electricity. This type of system is closed-loop with 

minimal emissions. 

Demonstration Projects 

A major early success story validating co-production was the 

Ormat Technologies and Rocky Mountain Oilfield Testing 

Center project, which, in September 2008, achieved the first 

successful generation of electricity from binary geothermal 

technologies integrated into existing oil and gas field 

infrastructure. Since its inception, the Ormat power generating 

The Rocky Mountain Oilfield Testing Center in Wyoming was one of 

the first projects to validate the use of co-produced geothermal fluids 

from oil and gas wells for power generation. The binary cycle plant, 

shown here, produces approximately 200 kW of electricity. 

Technology Benefits

■ Capacity ranges from 200-280 kW to more than 100 MW 

■ Design flexibility and reduced construction lead times

■ Scalable plant sizes based on local geothermal resource 

and demand

■ Ability to utilize off-the-shelf units, easily added to when 

more generation potential is identified. 

Chena Power, LLC’s mobile geothermal power plant unit will 

use co-produced fluids from oil and gas wells to generate 

electricity. The unit, shown here, traveled from Alaska to 

Nevada, for the Geothermal Resources Council Annual Meeting 

in the fall of 2009. Today, the unit is installed at a remote site 

in Utah for testing. 
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NREL is a national laboratory of the U.S. Department of Energy,Office of Energy Efficiency and Renewable Energy, operatedby the Alliance for Sustainable Energy, LLC.

A Policymaker’s Guide
to Feed-in Tariff 
Policy Design

With increasing energy demands in the United States and more installed wind projects, rural communities and local governments with limited or no experi-ence with wind energy are now becom-ing involved. Communities with good wind resources are increasingly likely to be approached by entities with plans to develop wind projects.
These opportunities can create new revenue in the form of construction jobs and land lease payments. They also create a new responsibility on the part of local governments to regulate wind turbine installations through ordinances. Ordinances, often found within munici-pal codes, provide various degrees of control to local governments. These laws cover issues such as zoning, traffic, con-sumer protection, and building codes. Wind energy ordinances reflect local needs and preferences regarding wind turbines within county or city limits and affect the development of safe facilities acceptable to the community.

Since the U.S. Department of Energy’s National Renewable Energy Laboratory released its report An Overview of Existing Wind Energy Ordinances*in 2008, many more wind energy ordi-nances have been established throughout the United States. This trend is likely to continue as wind energy deployment increases. This fact sheet provides state and local government officials, policy-makers, and members of the public an overview of elements found in existing wind energy ordinances. It provides a general summary and is not meant to comprehensively detail all elements found in typical wind energy ordinances.

How Are Wind Energy Ordinances Established?The process of establishing ordinances differs among communities. The most common approach is to research exist-ing wind ordinances, develop a draft ordinance, and present it at a town or city council meeting. Various states have developed model wind turbine ordinances that municipal and county officials can use as examples when developing their own regulations. An overview of ordinance elements follows. Once changes are incorporated to the draft ordinance, a final draft is presented for vote by the governing council or the citizens. In some cases, committees of citizens or council members develop the ordinance and then present it to the general public for a vote.
Communities should consider establish-ing ordinances that address different system sizes within their jurisdictions: for example, small turbines (400 watts to 100 kilowatts) as well as utility-scale turbines (larger than 100 kilowatts).

Wind Energy 
Ordinances

WIND AND WATER POWER PROGRAM

Elements of Wind Energy Ordinances
The following are typically included in wind energy ordinances:
Access
Defined access standards help towns or counties ensure safety by limiting contact with the interior of the wind turbine tower, electrical equipment, climbing apparatus, and transmission infrastructure.

Appearance, Color, and FinishBy defining the appearance, color, and finish of wind turbines, local govern-ments can reduce citizen complaints about aesthetics and promote design uniformity.

Clearance
Normally measured between the bottom point of the arc created by rotating blades and the ground, a defined clear-ance height serves public safety.

Wind energy ordinances reflect local needs and preferences regarding wind turbines 
within county or city limits and aid the development of safe facilities that will be embraced 

by the community. Courtesy of Iberdrola Renewables, Inc.
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———————
* Available at www.windpowerin-gamerica.gov/pdfs/policy/2008/ordinances_overview.pdf

continued >

Energy Efficiency &
Renewable Energy

2009 WIND  
TECHNOLOGIES 
MARKET REPORT 

AUGUST 2010
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Scientific Innovation Without Borders

Theory probes the truth, while experiment 
tests the truth. Taking this concept to heart, 
scientists in the NREL-led Center for 
Inverse Design are addressing the crucial 
grand challenge of materials by design 
with an approach that integrates theoreti-
cal and experimental pursuits — essentially, 
innovation without borders.

The center’s approach to materials science 
reverses the direction of the conventional 
paradigm to get the following: “Given the 
desired property of a material, find the 
structure of that material.” Operationally, 
the center seeks to make significant prog-
ress with this approach by uniting theo-
rists and experimentalists into a single 
band of allies.

Earlier this year, researchers within the 
center gathered at Northwestern University 
to review first-year accomplishments in 
four “entry-point” projects. Alex Zunger, 
director of the center, asked the researchers 
to provide “integrated experiment/theory 
presentations on each project, rather than 
two monologues.” The resulting presenta-
tions reflected an impres-
sive collaboration of theory 
and experiment — provid-
ing one story line, not two, 
on scientific advances in 
materials by design.

The first project focuses  
on so-called A2BO4 (or 
spinel) materials, which are p-type trans-
parent conducting oxides (TCOs). The 
motivation for studying these materials 
is especially for greater design flexibility 
and higher efficiency of inorganic/organic 
solar cells, but also for their use in func-
tional windows and transparent electron-
ics. To many scientists, highly transparent 

conductive p-type TCOs 
are considered the “holy 
grail of TCOs.”

Exemplifying this “bor-
derless” approach, the 
review for this project 
wove together the results 
of seven presenters. 
Typically alternating a 
theorist and experimen-
talist, the presentation 
represented the work 
being conducted at three 
different institutions — 
Northwestern University, 
Stanford Synchrotron 
Research Laboratory, 
and NREL.

In the first section of the 
presentation, NREL sci-
entists detailed work to identify regions of 
thermodynamic stability for desired mate-
rial phases and which materials could be 
eliminated from further consideration for 
failing to have desired properties. A con-

clusion of this initial theoretical study was 
that self doping in cobalt zinc oxide spinel 
is not effective.

The next section focused on thin-film 
combinatorial exploration, with stud-
ies by experimentalists from NREL and 
Northwestern corroborating the theoreti-
cal conclusion that self-doping indeed 

does not work well. Instead, one must 
consider extrinsic dopants to produce 
suitable spinels.

The final section covered work by sci-
entists involved in materials character-
ization, who described the fundamental 
properties of bulk materials. They con-
cluded that a solid solution exists between 
Co3O4 and Co2ZnO4; furthermore, only 
zinc-poor compositions are stable at high 
temperature.

A similar approach, for study and presen-
tation, is being followed within the other 
three “entry-point” projects. And the theo-
retical and experimental scientists in the 
Center for Inverse Design — at the partner 
institutions of NREL, Northwestern, Ore-
gon State University, and Stanford — are 
confident that this “borderless” approach 
to operations will help lead to success in 
developing materials by design.

Visualizing one form of an A2BO4 spinel structure.

Scientists are addressing the crucial grand 
challenge of materials by design with an 
approach that integrates theoretical and 
experimental pursuits.
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