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analyzed to ensure it offered high 
insulating and low heat gain coef-
ficients while also providing natural 
light needed to assist with daylight-
ing strategies. 

T
his facility, which opened 
in May 2012 at the 
University of Kentucky 
in Lexington, promotes 

and develops new energy efficiency 
strategies by focusing on three 
research areas: biomass and biofu-
els, solar energy and electrochemi-
cal power sources (like capacitors 
and batteries). In addition to these 
research laboratories, the building 
also has two Class 10,000 and one 
Class 1,000 cleanrooms and a 0.5% 
relative humidity (RH) dry lab for 
lithium battery manufacturing. 

One of the goals for the building, 
which is expected to receive LEED 
Gold certification, involves using the 
lab as an educational facility without 
disrupting the research. 

Large windows looking into the 
laboratories, as well as wall monitors 
displaying the work taking place in 
the labs, give guests the opportunity 
to view ongoing research. In turn, the 
large windows give the researchers 
a vibrant and open place in which to 
perform their work.

The building’s first year annual 
energy use intensity (EUI) is 138.7 
kBtu/ft2 · yr. Using the International 
Institute for Sustainable Laboratories 
(I2SL) benchmarking tool (http://
www.labs21century.gov/) for com-
parison, the average energy use for 

a similar facility is 321 kBtu/ft2 · yr. 
A lobby dashboard allows visitors to 
directly compare the building’s real 
time energy use with CAER’s other 
energy research laboratory building 
on campus, which was constructed in 
1978 and renovated in 2000. 

Envelope
The entire design team focused on 
energy efficiency for this design. The 
first factor considered was the ori-
entation of the building on the site. 
Because of the vast open campus, 
the design team had a great deal of 
flexibility with building orientation. 

To decrease solar heat gain and 
enhance the use of daylight harvest-
ing, the building is oriented on an 
east/west axis. This provides natural 
lighting, further reducing the need 
for artificial light and reducing 
lighting energy and HVAC energy. 
In the majority of the offices lights 
never turned on during the day.

The design team used energy mod-
eling software to determine the proper 
amount of insulation on high perfor-
mance glazing, while simultaneously 
evaluating the impact on the budget. 

It was determined through the 
model that the most cost effec-
tive thermal envelope used R-22.5 
wall insulation with an R-35 high 
albedo white roof. The glazing was 

Above left In the course of designing the 
building to reduce environmental impact, 
maintaining occupant safety remained the 
number one goal. 

Above right The building’s orientation was 
rotated during design to situate it along an 
east-west axis. 

Opposite The energy-efficient Center for 
Applied Energy Research Renewable Energy 
Laboratory at the University of Kentucky in 
Lexington uses 57% less energy than similar 
facilities. An efficient envelope, including 
shading elements such as this canopy, con-
tribute to the building’s low energy use.
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B U I L D I N G  AT  A  G L A N C E

Name Center for Applied Energy 
Research Renewable Energy Laboratory

Location Lexington, Ky.

Owner University of Kentucky Center 
for Applied Energy Research

Principal Use Biomass and biofuels, 
solar energy and electrochemical power 
sources research 
  Includes Eleven labs with support 

space, a 0.5% RH dry lab, three 
cleanrooms, and four controlled envi-
ronment rooms

Employees/Occupants 35

Occupancy 100%

Gross Square Footage 43,156 
  Conditioned Space 100%

Total Construction Cost $17,086,000 
  Cost per Square Foot $397

Substantial Completion/Occupancy  
May 2012

TEST CASE
Researchers at the University of Kentucky’s Center for Applied Energy Research 
(CAER) Renewable Energy Laboratory investigate energy technologies to 
improve the environment. But, they aren’t the only ones who use the building 
to learn. The building, on the leading edge of laboratory design, serves as a test 
case for envelope, lighting and HVAC energy efficiency strategies that may be 
implemented in future university buildings.

B Y  K E V I N  D .  M U S S L E R ,  P. E .
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level. Tuning the lights reduced light-
ing levels up to 30% in the offices. 

Designed to provide 50 foot-
candles at full output, the ambient 
lighting levels were trimmed to 
25–35 footcandles in each office 
and work area in normal operation. 
Daylight sensors in the offices adjust 
lighting levels from the upper limit to 
zero, depending on occupant prefer-
ence and the daylight requirement.

Additional task lighting provides 
more direct light when needed. Due 
to proper building orientation and 
lightshelf design, lights are off in 
the offices the majority of the time. 

The laboratory spaces are 
designed with a zoned lighting 
system, which allows for reduced 
lighting levels in the spaces 
depending on use of the labs. The 
labs range from 1,650 ft2 to 3,400 
ft2 with lighting levels between 
75–80 footcandles. By zoning the 
lighting system in accordance with 

A new gel filled glazing technique 
is incorporated into the exterior 
envelope at certain locations. This 
technology allows for 28% of light 
transmission while providing the 
same thermal insulation as an R-10 
wall. These windows are used pri-
marily in the stairwells to allow the 
natural light to pass through the 
building in an open stairwell design 
while maintaining the integrity of 
insulation in the building. 

Lighting
Reducing lighting power use in a 
research laboratory is especially 
challenging. To achieve this goal 
the design team determined lighting 
requirements in the offices and the 
laboratories separately. Dimmable 
T-5 light fixtures in the offices allow 
for light level tuning. A central con-
trol system and ambient light level 
sensors help prevent unnecessary 
artificial illumination. 

Prior to occupancy, the design team 
worked with building users to tune the 
lighting in each individual office and 
set the maximum artificial lighting 

The lobby is a large two-story 
atrium with floor-to-ceiling glass to 
facilitate the hosting of large-scale 
events. The design team located the 
lobby on the east wall instead of 
the west wall to reduce heat gain. 
A canopy window wall shading ele-
ment also helps reduce the amount 
of solar heat gain.

Annual Water Use  1,605,168 gallons 

W AT E R  AT  A  G L A N C E

E N E R G Y  AT  A  G L A N C E

Annual Energy Use Intensity (EUI) (Site)  
138.7 kBtu/ft2 
  Natural Gas (Process/HVAC)  

27.8 kBtu/ft2 
Electricity (From Grid) 110.9 kBtu/ft2

Annual Source Energy 400 kBtu/ft2

Annual Energy Cost Index (ECI) $2.57/ft2

Savings vs. Standard 90.1-2004 
Design Building 54.3%

Carbon Footprint 37.5 lb CO2e/ft2 · yr

Heating Degree Days (base 65°F) 4,783

Cooling Degree Days (base 65°F) 3,754

Average Operating Hours per Week 55

Above Aluminum sunshades limit the 
thermal impact of the direct sunlight. The 
gel-filled glazing provides light transmittance 
while reducing the heat losses by 80% over 
code minimum glazing.

Below Conference rooms feature write-on 
walls and video conferencing infrastructure. 
The large windows facilitate daylighting for 
the building interior. 
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maintaining a slightly negative pres-
sure in each lab.

By implementing proper fume 
hood sash management control, the 
hoods remain closed the major-
ity of the time. The design team’s 
approach involves reducing the 
amount of normal ventilation in the 
lab and overventilating at a higher 
rate whenever a lab spill occurs. 
This results in a lab ventilation rate 
between 6–8 ach in the occupied 
mode and between 4–6 ach in the 
unoccupied mode. 

around 300% more efficient than a 
high efficiency hot water boiler. 

A heat recovery chiller captures 
the heat rejected from the chilled 
water system and uses it for reheat 

An air particulate sampling sys-
tem tests the air every 15 minutes. 
Whenever it senses a chemical 
occurrence, the system reacts and 
overventilates the space at 16 ach, 
providing a safer lab and a much 
more energy-efficient building. 

Geothermal ground source heat 
pumps are very energy efficient in 
Kentucky due to the limestone geol-
ogy throughout the state. Traditional 
geothermal design uses a ground loop 
condenser system (vertical geothermal 
wells 300 ft deep) with water source 
heat pumps located in the building to 
maintain space temperature. 

In this application the team 
designed a geothermal central util-
ity plant, which produces chilled 
and hot water year-round to be used 
as a heating and cooling source for 
the traditional 100% outside air 
system required to maintain a safe 
environment. Significant savings 
came on the heating side with a 
heat pump design that is typically 

The traditional method to heat and 
cool labs while providing a safe envi-
ronment is to overventilate all spaces 
with 100% outside air and use reheat 
coils to maintain adequate space 
temperature. This is a very expensive 
way to heat and cool the building. 

For example, the CAER’s older 
research building, built in 1978, has 
an annual per square foot energy 
cost that is nearly double that of the 
new building. Providing safe labora-
tory space and reducing energy use 
were key priorities throughout the 
project. The traditional methodology 
for laboratory design uses 8–10 ach 
(air changes per hour) using 100% 
outside air, which would be 
exhausted through the fume hoods, 

Lighting for support spaces is 
adjusted to provide levels necessary 
for safety and functionality, without 
consuming unneeded energy. The 
building is equipped with a cen-
tral control system, which ensures 
lighting is turned off after business 
hours. However, local overrides are 
provided in each space so staff can 
delay the shutoff if the areas are 
occupied. Occupancy sensors are 
also installed in select spaces.

The designed lighting energy 
of installed lights is 13% below 
ASHRAE/IESNA Standard 90.1-
2007. Light level tuning and zone 
level occupancy control further 
reduce lighting energy use. 

HVAC
Laboratories are heavy energy users 
due to the need to properly venti-
late the building while maintaining 
proper pressurization in the labs. 
Figure 1 shows HVAC compris-
ing 68% of the overall building 
energy use. 

the bench layouts, researchers can 
turn on only the lights they need 
without lighting the entire lab. 

Top Articulating exhaust snorkels provide 
localized benchtop exhaust. The small 
localized exhaust option reduces the need 
for additional fume hoods, which are more 
energy intensive. 

Above Lab demand-control ventilation mod-
ulates the air change rate per lab based on 
the air contaminant levels within the space. 
Each bay of lighting is switched indepen-
dently to provide light only where needed.

Right The large exterior windows in the 
break room further illustrate the use of day-
lighting to create open, collaborative spaces.

The Center for Applied Energy Research 
Renewable Energy Laboratory was 
funded by a competitive grant from 
the U.S. Department of Commerce’s 
National Institute of Standards and 
Technology (NIST) under the American 
Recovery and Reinvestment Act’s 
(ARRA) NIST Construction Grant 
Program with cost share provided by the 
Commonwealth of Kentucky. A key driver 
to securing the ARRA grant was the 
laboratory/office ratio of 51%, meaning 
the facility has more lab space than 
typically found in similar facilities.

The $17 million project had to be 
built with U.S. manufactured materials 
to meet the strict requirements of the 
ARRA grant. And, the building had to be 
opened by June 2012, which required 
the building to be programmed, designed 
and built in less than 2.5 years.

F U N D I N G  S O U R C E S , 
R E Q U I R E M E N T S
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Above The two story atrium space includes 
floor-to-ceiling glazing and provides a 
gathering space for large groups outside 
of the lab environment. The large volume, 
low velocity fan adjusts speed based on 
outdoor air temperatures to assist with 
cooling needs and to prevent stratification 
in heating mode. 

Below Open informal meeting areas 
encourage cross-departmental dialogue. 
The lobby space also provides CAER the 
ability to host events without interfering 
with ongoing research. 

F I G U R E  1  
E L E C T R I C I T Y  B Y  E N D  U S E ,  
A U G .  2 0 1 2  –  A U G .  2 0 1 3

Geothermal HVAC

Heat Recovery Chiller

Energy Recovery Wheel

Solar Thermal Domestic Hot Water

Laboratory Demand-Control Ventilation

Daylighting

Process Water Loop

Low Flow Fixtures

KEY SUSTAINABLE FEATURES
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in the building. Due to the require-
ment of simultaneous heating and 
cooling, which occurs in this type 
of design, the heat recovery chiller 
has been a very efficient and cost-
effective system.

Multiple meters are installed in the 
new building and the original 1978 
building to demonstrate the effects 
of high performance design. They 
measure in real time the system’s 
overall coefficient of performance 
(COP), the ratio of total output 
energy compared with the energy Other Sustainable Strategies

Water. In addition to the selection 
of low flow fixtures, which reduces 
restroom water use by 24%, a pro-
cess water loop uses the geothermal 
system for water-cooled equipment. 
This equipment had previously 
been cooled by domestic water that 
was spilled directly to the drain 
after a single pass. The estimated 
water savings from the process loop 
is 60,600 gallons per year.

Site. CAER manages the property 
where its buildings are housed. The 
site includes a five-acre lake, the 
Cane Run Creek watershed, and a 
12-mile walking and biking trail, 
which begins in downtown Lexington 
and runs through the research park 
to the Kentucky Horse Park.

with water source heat pump units. 
This is much more cost effective 
than heating and cooling with 100% 
outside air, as occurs in many high 
density laboratories. 

In addition to these energy-
saving strategies, the design team 
proposed the use of a 3 angstrom 
enthalpy energy recovery wheel 
in lieu of traditional sensible-only 
energy recovery. The air particulate 
sampling system was incorporated 
into the system so if any chemicals 
migrate through the wheel, the 
system would react and bypass the 
wheel in its entirety. This device 
allowed the design team to cut over-
all installed tonnage in the build-
ing by 30%, which reduced initial 
building costs and provides ongoing 
energy savings. 

Another advantage of installing a 
geothermal infrastructure is the abil-
ity to heat and cool nonlaboratory 
spaces with low cost, high efficiency 
geothermal water source heat pumps. 
The infrastructure used for the dedi-
cated outdoor air system provides the 
necessary code ventilation in offices, 
conference rooms and other nonlab 
spaces, but can be heated and cooled 

put into the system. The results have 
been better than expected. 

The COP of the new building has 
been as high as four times greater 
than the 1978 building. The new 
building is operating at $2.57/ft2, 
while the original building is operat-
ing at $4.88/ft2 (Figure 3), resulting 
in over $120,000 in annual utility 
cost savings. It should be noted 
that both labs have similar hood-to-
square foot ratios; however, the new 
lab building also has three clean-
rooms and the 0.5% RH dry lab, 
which are all high-energy users. 

Building Owner/Representative  
Courtney Fisk, University of Kentucky/
Center for Applied Energy Research

Architect of Record  
Timothy Murphy, AIA, LEED AP, Murphy + 
Graves + Trimble, PLLC

Design Consultant Jim Gabel, AIA, 
LEED AP, Hastings+Chivetta

Laboratory Consultant John Lewis, LEED 
AP BD+C, Research Facilities Design

Construction Manager  
Turner Construction Company

MEP Engineer CMTA, Inc.: Kevin Mussler, 
P.E., LEED AP, principal in charge; Chris 
Reeves, P.E., LEED AP,  project manager 
and mechanical engineer; Alan Kellum, 
P.E., LEED AP, electrical engineer; Carrie 
Kelty, P.E., LEED AP, energy modeler

Structural Engineer S. Craig Brown, P.E., 
SECB, Brown + Kubican, PSC

Civil Engineer Jihad Hallany, P.E., Vision 
Engineering, LLC

Landscape Architect Anthony Barrett, 
ASLA, LEED AP, Barrett Partners, Inc.

Commissioning Agent Richard T. Burks, 
P.E., Paladin, Inc.

BUILDING TEAM

Above To reduce runoff, site rainwater is 
directed to a bioswale landscaped with 
native plants and grasses.

FIGURE 2  ELECTRICITY USE (KWH) AUG. 2012 – AUG 2013

Note: The building also consumed 27.8 kBtu/ft2 of natural gas during this time period for mostly process use and 
some HVAC use.
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FIGURE 3  ENERGY COST COMPARISON, AUG. 2012 – JULY 2013 
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Note: Data compares energy cost of the 1978 Center for Applied Energy Research building (purple line) and the new 
CAER building (green line). Energy cost includes electricity and natural gas.
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Roof
Roof Type High albedo white roof 
Overall R-value R-35 
Reflectivity/Emittance 0.1

Walls
Type Mass wall (steel framed with mass 
wall, but not insulated concrete forms)
Overall R-value R-22.5
Glazing Percentage 15.6%

Basement/Foundation
Slab Edge Insulation F-factor 0.73

Windows
Effective U-factor for Assembly 0.4
Solar Heat Gain Coefficient (SHGC) 0.34
Visual Transmittance 0.35
Gel Filled Windows U-factor 0.10
Gel Filled Windows Visual 
Transmittance 0.58

Location
Latitude 38° North
Orientation East/west

B U I L D I N G  E N V E L O P E

Above A six-screen dashboard system in 
the lobby provides graphical representation 
of the building’s water use, chilled water 
system, geothermal system, system effi-
ciencies and renewable energy systems. 
Live energy data compares the building’s 
energy use to ongoing energy used by 
CAER’s existing 1970s-era building, also 
located on campus.

Below left The dry lab has allowed the 
University of Kentucky to partner with  
outside entities to create a small scale  
battery production lab for research pur-
poses. The lab maintains 0.5% relative 
humidity at 72°F.

Below right HEPA filtered recirculating 
hoods provide hood space for select 
experiments to be completed without the 
exhaust or make-up air requirements, thus 
greatly reducing utility costs. The hoods 
recirculate HEPA filtered room air.
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ash, which is a by-product of local 
power plants. During construction, 
77% of waste was recycled and 
diverted from landfills.

The geothermal well field for 
the CAER lab is located beneath 
an existing parking lot to prevent 
further site disturbance. The rain-
water from the site is diverted to a 
bioswale. The landscaping chosen 
for the bioswale consists of native 
species that eliminate the need 
for irrigation.

Materials. The project funding 
source required all materials to be 
U.S.-assembled goods. Finishes such 
as flooring, paints and adhesives 
were selected for their compliance 
with LEED low emitting limitations 
for total volatile organic compounds. 

The concrete used for the building 
slab and sidewalks includes 20% fly 

Conclusion
This building is on the leading 
edge of laboratory design, imple-
menting multiple strategies never 
before used at the university or 
any other U.S. laboratories. While 
being at the forefront of design 
is challenging, the results have 
exceeded expectations. 

The building was commissioned 
successfully, and all systems are 
fully operational. The annual util-
ity savings of over $120,000 will be 
used for future energy research, ful-
filling the mission of the Center for 
Applied Energy Research to develop 
new and innovative technologies. •

L E S S O N S  L E A R N E D

Energy Recovery Wheel. The type of experi-
ments that occur in research laboratories 
can change very quickly. During the design 
phase, discussions were held about the 
energy recovery wheel and its susceptibil-
ity to ammonia, which is smaller than a 
water molecule and can pass through the 
wheel. The experiments that were being 
conducted at that time did not involve 
ammonia. However, the process for one of 
the experiments changed and ammonia 
was used, bypassing the wheel. The uni-
versity was able to modify the experiment 
by using an ammonia scrubber to prevent 
this from being an issue. In any research 
lab using an energy recovery wheel, one of 
the hoods should bypass the wheel. This 
measure provides dedicated space for 
experiments that can change over time.  

Gel Filled Glazing Needs Vents in Some 
Areas. The gel filled glazing is used 
primarily in the open stairwells. It is also 
used as spandrel glass near ground-level 
where drywall was installed behind the 
glazing to provide a location for power 
and communication outlets in the offices. 
This technology needs to be vented. If 
no vent path is provided, the gel can 
overheat, causing potential issues within 
the glazing. Vents were added in the 

baseboard and beneath the window sill to 
provide adequate air movement. 

Meeting “Buy American” Requirements. 
This project was funded in part by a U.S. 
government grant, which required the 
project to be built with U.S. manufac-
tured materials (see Funding Sources, 
Requirements, P. 11). When working on a 
project with a Buy American clause, it is 
important to understand whether certain 
treaties such as NAFTA are recognized on 
the project and exempt products made 
within North America. This becomes 
critical when considering fire alarm sys-
tems. Multiple manufacturers claim their 
systems comply with the requirements 
because although individual components 
such as audio/visual alarms may be 
manufactured in Mexico, their system as a 
whole is assembled on the jobsite. 

However, the funding agency project rep-
resentative’s ruling on the CAER project 
was that any box arriving on site must be 
a product that was, at minimum, assem-
bled in the U.S. A variance was issued 
for the fire alarm system as the owner 
wished to expand the existing campus 
system to include this building. Several 
components in this existing system were 
manufactured elsewhere. 

A B O U T  T H E  A U T H O R

Kevin D. Mussler, P.E., LEED AP; is 
the managing partner of CMTA, Inc.’s 
Lexington, Ky. office. He was the princi-
pal-in-charge for this project.

As night falls, the building management 
system adjusts temperature setpoints, 
minimizes light levels and reduces 
cleanroom air change rates. During the 
day, most lighting needs are met through 
daylighting, which is maximized via proper 
building orientation and lightshelf design.
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