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C A S E  S T U D Y

policy have led to their success and 
$4 million in energy savings.

Plano Elementary School uses 
16.2% less energy than the next 
most efficient new ENERGY STAR 
school in Kentucky. Its opera-
tion has attracted much attention, 
including the notice of John 
Davies, deputy commissioner of the 
Kentucky Department for Energy 
Development and Independence. 

“Going forward, if we build our 
new schools to these standards, we 
will save tens of millions of dollars, 
dollars that can be used to help our 
students achieve their fullest poten-
tial,” Davies said.

HVAC System
Plano’s new, enhanced geother-
mal HVAC system consists of dual 
compressor heat pump units and 
decentralized pumping. Emphasis 
was placed on “right sizing” the 
heat pump units during the design 
phase. One heat pump unit serves 
two classrooms to maximize effi-
ciency and reduce construction cost 
and maintenance (Figure 1). A typi-
cal unit serving two classrooms has 
4 tons of cooling capacity.

T
he Kentucky school dis-
trict started with small 
steps, such as encourag-
ing schools to turn off 

lights in unoccupied gymnasiums 
and classrooms. Soon, the district 
began looking for more opportunities 
to improve efficiency and commit-
ted to designing energy-efficient 
buildings when new construction or 
renovations were needed. The school 
board hired an energy manager to 
ensure that energy was used wisely 
and comfort levels in the schools 
were maintained. Architects and 
engineers have built upon lessons 
learned from each previous project 
to improve energy efficiency. 

Plano Elementary School is the 
district’s latest success in the 
design and operation of energy-
efficient buildings. Plano received 
its first EPA ENERGY STAR label 
in April. The building’s energy 
consumption was determined to be 
26.8 kBtu/ ft2 · yr, which ranked it 
in the 99th percentile in ENERGY 
STAR program. This achievement is 
even more significant because Plano 
is an all electric building. 

Warren County Public Schools 
has 20 schools in the district, and 
five of those schools have received 
ENERGY STAR labels. The dis-
trict leads Kentucky with the most 
ENERGY STAR schools. 

The WCPS board has supported 
efforts to continually improve the 
energy performance of its schools. 
The district’s use of geothermal heat 
pump systems, improved thermal 
envelopes and an established energy 

SMALL STEPS,
BIG SAVINGS B U I L D I N G  AT  A  G L A N C E

B U I L D I N G  T E A M

Owner Warren County (Ky.) Public Schools: 
Dale Brown, Superintendent; Charles Rector, 
Director of Facilities

Architect Sherman-Carter-Barnhart: Kenny 
Stanfield, Principal Architect

General Contractor Alliance Corporation; 
Mechanical: Ernie Davis and Sons Mechanical; 
Electrical: Division 16

MEP Engineer CMTA: Mark Seibert, P. E., 
LEED AP; Project Manager: Ken Seibert, P. E., 
LEED AP, Principal in Charge

Energy Modeler CMTA: Mark Seibert, P. E., 
LEED AP

Structural Engineer Structural Design Group

Civil Engineer Sherman-Carter-Barnhart

Landscape Architect Sherman-Carter-Barnhart

Name Plano Elementary School

Location Bowling Green, Ky.

Owner Warren County Public Schools

Principal Use Elementary School 

Includes 32 classrooms, 14 offices/
administrative support areas, six resource 
centers, media center, gym, server room, 
cafeteria with kitchen

Employees/Occupants 435 students 
plus teachers and staff

Gross Square Footage 81,147 ft2

Total Cost $11.4 million

Cost Per Square Foot $140

Substantial Completion/Occupancy 
August 2007

Occupancy 80% 

Distinctions/Awards ENERGY STAR label; 
Andromeda Star of Energy Efficiency, 
Alliance to Save Energy

Warren County Public Schools set a goal in 2003  
of saving $3 million in energy costs over eight years. 
The district surpassed its goal in less than six years, 
saving more than $4 million in energy costs.

P L A N O  E L E M E N T A R Y  S C H O O L

B Y  K E N N E T H  L .  S E I B E R T,  P. E . ,  M E M B E R  A S H R A E
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Plano Elementary is one of five 
schools in the Warren County Public 
Schools District that has received an 
ENERGY STAR label. It is the most 
efficient, using 26.8 kBtu/ft2 · yr.
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 Dual compressor heat pumps serve the media center and the rest of Plano Elementary. The enhanced geothermal heat pump system 

had the most impact on the increased energy efficiency of the school. 

This article was published in High Performing Buildings, Fall 2009. Copyright 2009 American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. Posted at www.hpbmagazine.org. This article may not be copied and/or distributed electronically or in paper form without permission of 
ASHRAE.  For more information about High Performing Buildings, visit www.hpbmagazine.org.
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temperatures and found that when 
both compressors operate, the 
1.5 ton compressor has an energy 
efficiency ratio rating of 11. The 
compressor efficiency increases to 
18 when running solely in the first 
stage (Figure 2). This results in a 
64% efficiency boost when the dual 
compressor heat pump unit operates 
in stage one.

Distributed Water Pumping
The next significant system change 
in the Plano design was distrib-
uted water pumping. One of the 
significant benefits of geothermal 
HVAC for a school district is the 

WCPS and CMTA Consulting 
Engineers chose dual compressor 
heat pump units to increase system 
efficiency. During part-load operat-
ing conditions, a dual-compressor 
unit will operate more efficiently 
than a single-compressor unit. Full 
load operating efficiencies occur 
infrequently. 

CMTA trended the first and second 
stage operating hours for one year 
after the building was occupied using 
Plano’s direct digital controls system. 
CMTA determined that 87% of all 
operating hours were in the first stage.

A 3.5 ton unit was field tested to 
determine the efficiency improve-
ments. The heat pump unit con-
sisted of a 1.5 ton and 2.0 ton 
compressor connected to a single 
3.5 ton refrigerant circuit. Stage 
one efficiency is significantly higher 
than full load condition because the 
1.5 ton compressor has 3.5 tons of 
evaporator and condenser coil sur-
face area for heat exchange.

A field test measured the con-
denser and evaporator pressures/

KEY SUSTAINABLE FEATURES

Geothermal HVAC: dual compressor units 
with distributive water pumping

Geothermal domestic water heating

Occupancy controls

District energy management program

 

The mezzanine location of the heat 
pumps allows the units to be serviced 
without disrupting classes.

 
Approximately 435 students attend 
Plano Elementary School. Warren 
County is one of Kentucky’s fastest 
growing counties. 
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elimination of large central equip-
ment such as boilers, chillers and 
cooling towers. This reduces main-
tenance costs in addition to improv-
ing efficiency. Distributed pumping 
eliminated the last remnants of 
central plant equipment—the main 
recirculating water pumps and the 
associated speed control system.

WCPS previously tried various 
geothermal pumping systems. These 
included constant flow/single pump, 
variable flow/single pump and pri-
mary/secondary pumping with vari-
able flow. The performance of the 
variable flow system was not suc-
cessful in reducing the water flow of 
the central recirculating pumps to 
match loads.

CMTA and WCPS worked together 
on Plano Elementary to eliminate 
the central pumps and associated 
variable-frequency drive units, 

attempting a new pumping concept. 
Each heat pump unit has an indi-
vidual water pump to recirculate the 
water through the entire geothermal 
water loop, including the well field. 
The water pump will not operate 
unless its respective heat pump 
unit is in operation. This ensures 
variable water flow, which only 
responds to demand. 

The closed loop piping system 
was designed to minimize the water 
pressure drop in the geothermal 
piping system. Previous projects 
had a typical loop pressure drop of 
75 ft total developed head (TDH), 
while Plano’s loop pressure drop 
was 35 ft TDH. The “installed” total 
horsepower of pumping capacity 
was reduced by half compared to 
the district’s previous school. 

Most pipe mains in the building 
were increased one pipe size to 

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

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

Energy Use Intensity (Site) 26.8 kBtu/ft2

Electricity 26.8 kBtu/ft2

Annual Source Energy 89.51 kBtu/ft2

Annual Energy Cost Index (ECI) $0.87/ft2 · yr

ENERGY STAR Rating 99

Roof 1

Type Standing seam metal with 3 in. rigid 
insulation on metal decking

Overall R-value R-22

Reflectivity 30.3, SRI 31

Roof 2

Type Single-ply membrane, 3 in. rigid 
insulation, metal decking

Overall R-value R-24.85

Reflectivity 85, SRI 108

Walls 

Type Brick, 1.5 in. insulation, 8 or 12 in. 
concrete masonry unit (CMU) 

Overall R-value 11.6 (average between 8 
and 12 in. CMU assembly)

Glazing percentage 8% (43,327 ft2 of 
wall, 3,841 ft2 of glazing/storefront)

Basement/Foundation

Slab edge insulation R-value: R-6 
(horizontal and vertical insulation)

Windows 

U-value 0.41

Solar Heat Gain Coefficient (SHGC) 0.66

Visual Transmittance 49%

Location

Latitude 36° 53' 13.34" N

Orientation East/West

F I G U R E  2   1 . 5  T O N  PA R T I A L  C O M P R E S S O R 

T E M P E R AT U R E

Note: These are reciprocating compressors that use R-410A.

  Both Stages Stage 1 Only

  142 psi/50°F 157 psi/55°F 
 360 psi/110°F Condenser Evaporator Evaporator

 Capacity (Btu/h)  29,488

 Power (W)  1,608

 Current (Amps)  7.1

 Mass Flow (lb/h)  378.9

 Energy Efficiency Ratio (Btu/W · h)  18.34

 Efficiency (%)  67.7 

 475 psi/130°F Condenser

 Capacity (Btu/h) 20,330

 Power (W) 1,868

 Current (Amps) 8.2

 Mass Flow (lb/h) 296.1

 Energy Efficiency Ratio (Btu/W · h) 10.88

 Efficiency (%) 66.4

geothermal heat pump chillers now 
operate in the winter months only.

WCPS tested operation of the sys-
tem during the hot and humid sum-
mer months and found that building 
humidity is controlled without sup-
plemental cooling of the outdoor air. 
This is attributed to the classroom 
heat pump’s excellent dehumidifica-
tion capabilities in the first stage 
cooling, the desiccant heat recovery 
wheel in the outdoor air unit and a 
tight building thermal envelope.

Domestic Water Heating
The building’s domestic water heat-
ing system is unusual. The entire 
building’s 110°F domestic water 
is heated by one geothermal unit 
serving the gym. The gym’s air-
conditioning system consists of two 
15 ton heat pump units.

Because cooling requirements for 
the gymnasium are much greater 
than the heating requirements, one 
of the units is equipped with a dou-
ble wall type domestic water/refrig-
erant heat exchanger as required by 
code. The building’s domestic hot 
water is stored in two tanks with no 
back-up heat source. 

When the gym heat pump is in the 
cooling mode, the heat is rejected to 
the domestic water in lieu of the well 
field. All domestic water is heated 

exhaust air path for building pres-
surization control. This allows the 
use of a desiccant heat recovery 
wheel in each outdoor air unit.

A supplemental two-pipe coil 
is located in the outdoor air path 
downstream of the heat recovery 
wheel. The original purpose of 
this coil was to provide additional 
heat to the airstream in the winter 
months and supplemental dehumid-
ification during the summer months. 

Centrally located geothermal heat 
pump chillers provide a source of 
heating hot water in the winter and 
chilled water in the summer. The 

reduce the system pressure drop. 
CMTA generally specified schedule 
40 black steel with mechanical 
joints for loop piping materials in 
the past. Plano used uninsulated 
schedule 80 PVC piping for all 
interior piping to keep construction 
costs from rising. Warren County 
Public Schools has used schedule 
80 PVC for many years and has had 
no problems with leaks.

Outdoor air is introduced to the 
school through the use of central 
equipment. Three dedicated outdoor 
air-handling units provide fresh 
air to the building and provide an 

 
Warren County Public Schools’ energy savings total more than $4 million since 2003. The savings started with changes in 
existing schools, such as turning out lights in unoccupied rooms. The district identified more opportunities to improve school 
energy efficiency during renovation and construction projects.
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WA R R E N  C O U N T Y  E N E R G Y  S TA R  S C H O O L S  E U I

Plano Elementary 2007 26 

Alvaton Elementary 2005 35 

Henry Moss Middle 2002 42 

Drakes Creek Middle 2002 43 

Warren East Middle 2002 43 

Climate Zone 4* 73

kBtu/ft2 · yr

 10 20 30 40 50 60 70 80

*Advanced Energy Design Guide for K – 12 Schools

Note: Years denote new construction or renovation. Energy use intensity was measured in the year that 
each school received the ENERGY STAR label.
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issues such as computers in opera-
tion when the school is unoccupied. 
The availability of accurate bench-
marking data gives the school real-
time knowledge of the effectiveness 
of their programs. These data can 
highlight conservation success or 
pinpoint a system operation mal-
function before it costs the system 
thousands of dollars.

computer system; and a solar 
photovoltaic panel array with a 
capacity of 350 kW.

A net zero energy public school 
would not be possible without 
WCPS’s commitment to innovation 
in school design, construction and 
the energy policy that the district 
adopted. The policy includes top-
down leadership, benchmarking, 
custodial training and the realization 
that each person in the school is an 
energy consumer and energy saver. 

It also holds each principal account-
able for energy management on his 
or her campus. Effective energy man-
agement of the campus is included in 
each principal’s annual evaluation. 

A district-provided energy man-
ager supports the principals. This 
person provides training to the prin-
cipals, teachers, custodial staff and 
students; benchmarks energy use 
and cost; creates monthly reports for 
each school; and provides weekly 
walk-through audits of each school. 
The audits are unannounced and 
may occur at any time during occu-
pied or unoccupied hours. 

The audit is designed to review 
HVAC system operation, thermal 
envelope failures, lighting status, 
water use and miscellaneous other 

with virtually no additional energy 
used. When the domestic water 
requires heat and gym cooling is not 
required, the heat pump operates 
in the heating mode as required to 
maintain the tank water temperature. 

The geothermal system heats 
water efficiently. During the build-
ing’s unoccupied mode, the heater 
and domestic water pump operation 
are disabled.

Learning From Plano
Everyone associated with the 
construction and operation of the 
new Plano Elementary School is 
proud of its 26.8 kBtu/ft2 · yr energy 
performance. The school district, 
architect and engineer all agree that 
the next project will be even more 
efficiently designed and operated. 
The lessons learned from Plano give 
the design team confidence that 
even more efficient schools can be 
designed and operated. 

To put this to the test, the next 
WCPS school, Richardsville 
Elementary School, is designed 
to be a net zero energy school. 
The school is under construc-
tion and will open for fall 2010 
classes. The energy model predicts 
Richardsville’s energy consumption 
will be 18 kBtu/ft2 · yr. 

The significant changes to the 
Richardsville design compared to 
Plano’s include: a better thermal 
envelope with insulated concrete 
form (ICF) walls; a more efficient 
footprint, which has less exterior 
wall surface area per building 
square foot; daylight harvesting 
with light dimming controls in 
all classrooms; a demand-based 
variable flow outside air system; 
kitchen redesign with type II com-
mercial cooking hoods; a wireless 

Until Plano opened, WCPS’s Alvaton 
Elementary School was the best perform-
ing school in Kentucky at 35 kBtu/ft2 · yr. 
It was built to accommodate 840 occu-
pants and is 79,500 ft2. 

As with Plano, Alvaton uses a geother-
mal heat pump system. It was the first 
school in Kentucky to use insulated con-
crete form (ICF) walls. The success of ICF 
on this project led to ICF being adopted 

as a typical construction technique in 
Kentucky.

ICF walls decrease construction time, 
are cost competitive and improve energy 
performance. CMTA trended operation 
of the heat pump units at Alvaton during 
unoccupied hours and found minimal 
operation of the heat pumps because 
the ICF walls maintain the indoor air 
temperature.

I N S U L AT E D  C O N C R E T E  F O R M  W A L L S

P L A N O  E L E M E N TA R Y 

E N E R G Y  U S E  2 0 0 8

  Use (kWh) Cost

January 72,400 $5,674.55 

February 65,600 $5,176.41 

March 50,800 $5,143.00 

April 55,600 $4,949.46 

May 44,400 $5,355.05 

June 30,400 $4,385.06 

July 38,000 $4,075.32 

August 64,400 $5,869.47 

September 64,000 $6,589.33 

October 48,800 $5,434.99 

November 54,400 $6,339.65 

December 47,600 $5,868.09 

2008 636,400 $64,860.38

715.359.6171 • greenheck.com

Heck, we were green 
before green was cool.
For decades, Greenheck has focused on
the environmental side of the building
industry—developing reliable, energy-

efficient products and 
systems to promote 
occupants’ health and 
comfort. As one of the 
first manufacturers of air
movement and control 

equipment to join the 
U.S. Green Building Council,

Greenheck is ready to provide products
that support sustainable-design projects
based on LEED certification guidelines. 
We help engineers, architects, 
contractors and owners succeed in 
their green initiatives, or any project. 

Going green? Go Greenheck—visit our 
Web site or contact our representative 
nearest you.

Greenheck products improve energy efficiency and air quality (many contribute to LEED credits).

Fresh                   ideas for green bui ldings.][ a i r

Prepared to Support 
Green Building Efforts

Centrifugal & Vane Axial Fans   Fans & Ventilators   Energy Recovery Ventilators   Make-up Air Units   Kitchen Ventilation Systems   Dampers   Louvers   Lab Exhaust Systems

Highly energy-efficient
Greenheck ERV products pro-
vide fresh outdoor air 
to meet the ASHRAE 62 
ventilation rate standard,
while recovering energy from
the exhaust air stream. 

Controlling airflow in 
commercial HVAC systems,
our dampers meet ASHRAE
62 or ASHRAE 90 energy
codes and International
Energy Conservation Code
low-leakage requirements.

The Sure-Aire™ Airflow
Monitoring Station provides
flow verification to ensure 
proper system balancing,
while improving air quality
and controlling industrial
processes.

Reducing operating costs by
operating at peak efficiency,
our variable-volume kitchen
system increases or 
decreases exhaust and 
supply air volume to match
the cooking load.

Energy Recovery Indoor Air Quality Dampers Airflow Monitoring Kitchen Ventilation

D55906asjl_811704.qxp  10/9/08  12:48 PM  Page 1
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In conclusion, the goal to reduce 
energy consumption can be accom-
plished if all parties involved in the 
facility (A/E team, occupants and 
owner) work together to achieve 

improve energy performance 
of schools throughout the 
Commonwealth of Kentucky,” noted 
Mark Ryles, director of facilities, 
Kentucky Department of Education. 

Kentucky’s Department of 
Education has applauded WCPS’s 
commitment to energy conservation. 

“[Warren County] is used as 
a resource for other districts to 

Plano’s low energy use and electrical 
demand attracted the attention of their 
electrical energy provider, Tennessee 
Valley Authority (TVA). In an effort to con-
tinue WCPS’s goal of reducing energy con-
sumption and understand where electrical 
consumption was actually occurring, TVA 
volunteered to install electrical meters in 
representative areas in the building. 

Ideally, the meters would have been 
installed for an entire year, but due to 
limited funding, the meters were con-
nected during January only. The building‘s 
electrical panels segregated the HVAC 
system, lighting, computers, kitchen and 
plug loads, which allowed these areas to 
be directly monitored. The results are illus-
trated in the pie chart. This data confirmed 
the performance of the new HVAC system 
while identifying potential areas to reduce 
energy consumption in future projects. 

Results of the metering study included:

HVAC — The measured data indicated 
that 38% of the energy was consumed by 
the HVAC system, which is lower than the 
48% predicted. This consumption drop 
confirms that the enhanced geothermal 
system was successful. 

When CMTA dissected the data further, 
it discovered that the outdoor air system 
was consuming half of the HVAC energy. 
The data led to changes in the outdoor 
air system to a variable flow, demand 
control ventilation system on the next 
WCPS project. 

Additionally, the project was built with 
a traditional block and mortar system, 
not ICF walls. The previous school proj-
ect, Alvaton Elementary, had ICF walls, 
and data from that building indicate that 
ICF walls with better thermal properties 
and mass hold the heat better. Alvaton’s 
heat pump units operate at night less 
frequently. 

 Lighting — was reduced below the maxi-
mum allowed by code. But the design 
failed to reduce the percentage of energy 
consumed by lighting at Plano compared 
to other recently constructed schools. 
Lighting efficiency will be more aggres-
sively pursued for WCPS’s net zero energy 
school. Changes from the Plano design 
will include reducing the installed lighting 
energy intensity and incorporating daylight 
harvesting with a dimming control system 
in each classroom.

Kitchen — The kitchen electrical consump-
tion was unexpected. The kitchen was 
consuming 21% of the building’s power, 
which included all-electric cooking equip-
ment, range hood exhaust/makeup air 
system, lighting and HVAC. (The kitchen 
meters did not include the cafeteria.)

This led to the conclusion that reduc-
ing total building energy consumption in 
future designs would require a reduction 
in kitchen energy consumption. To assist 
in designing the net zero energy school, 
the WCPS dietary staff and A/E design 
team participated in a three-day workshop 
to design a kitchen that prepared the 
same quality of food while reducing energy 
consumption. Changes for the net zero 
project include less hood area, changing 
from type I to type II hoods, and specifying 
food preparation equipment that is more 
energy efficient and can operate beneath 
type II hoods.

Computers — Another surprise was that 
the school’s IT systems were consuming 
7.5% of the building’s total energy. All 
Plano classrooms have seven desktop 
computers and the school has one dedi-
cated computer classroom for a total of 
256 computers in addition to two server 
rooms. The desktop computers individually 
consume between 150 to 175 W. 

The Kentucky Department of Education 
requires “wired” schools, so all computer 
stations have both data and power drops; 
however, for the net zero energy school, 
the state has allowed a completely wire-
less design. The computer classroom will 
be eliminated and six computer carts will 
be equipped with 30 laptop computers 
each (180 computers) instead of perma-
nent workstations. The laptop computers 
consume between 25 to 50 W depending 
on charging status.

To further reduce demand, TVA asked 
that laptop charging occur at night during 
off-peak hours. However, night charging of 
laptops did not result in financial savings 
for the school because Kentucky does not 
have an additional charge for peak hour 
energy use. The reduction in the number 
of computers as well as the decreased 
electrical consumption by each laptop 
will significantly decrease the energy con-
sumption at Richardsville.

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

The Tennessee Valley Authority metered Plano Elementary during January 2008.

that goal. To maximize the impact of 
the design and operational policies 
on energy consumption, thorough 
monitoring and evaluation of actual 
operation data is imperative. 

The ongoing monitoring and evalu-
ation process provides insight into 
opportunities to further improve the 
efficiency of any building. The whole 
team (architects, engineers, occu-
pants and owners) can learn from the 
successful strategies implemented in 
the past and build on those strategies 
for future success. •

Kenneth L. Seibert, P.E., LEED AP, is 
the president of CMTA, an 80-person 
MEP consulting engineering firm with 
offices in Louisville and Lexington,  
Ky., and Houston.

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

 

One heat pump serves every two classrooms at Plano Elementary. This design  
maximizes energy, reduces construction costs and reduces maintenance costs.  
The dual compressor heat pumps operate more efficiently during part-load operating 
conditions than a single compressor unit. The compressors operated in the first  
stage 87% of the time during the school’s first year.
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