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Case Study 
       Houston Advanced Research Center (HARC) 
                        Geothermal Wells and Heat Pumps 

 

The Houston Advanced Research Center (HARC) 
is an independent non-profit research organization 
located in The Woodlands, Texas, and houses the 
U.S. DOE Southcentral Technical Assistance 
Partnership (TAP). Completed in March 2017, 
after eleven months of construction, HARC’s two-
story, 18,600-square-foot headquarters building 
became the first LEED Platinum-certified building 
in Montgomery County. Features like a geothermal 
heating and cooling system, rooftop solar array, 
and innovative building envelope provide the 
foundation of a highly efficient building with low 
operating costs. The 3.5-acre site is landscaped 
with native plants and forest that require no 
irrigation. This fact, combined with the low-flow 
water fixtures, helps keep the building water 
demand under 20,000 gallons per year.  
The site exemplifies the many benefits of 
thoughtful site design and restorative landscaping, 
providing for a work environment that increases 
productivity and employee satisfaction.  
 

 
 
 
 
 
 

The HARC building is a living lab of optimized 
energy management practices and a paradigm for 
the effective deployment of onsite energy 
technologies. HARC’s goals align with a mission-
driven approach: cost savings, the aspiration to set 
replicable examples, a collaborative design 
process, and a commitment to continuous 
improvement of commercial buildings. Key steps 
such as identifying and conserving indigenous 
vegetation, establishing exclusion zones, building 
bioswales, and minimizing disruption to natural 
habitats were fundamental in HARC’s holistic 
approach. 

Project At-A-Glance 

 SITE 
Location: The Woodlands, Texas 
Building Type: Research facility 
Facility Size: 18,600 square feet 

 TECHNOLOGY SOLUTIONS 
15 water source heat pump units totaling  
35 tons 
36 geothermal wells 300′ deep each from  
the geothermal field 
R-50 thermal insulation building envelope 
LED lighting and presence sensors 
Solar PV: 88-kW DC rooftop solar array 

 IMPACT 
Cost Savings: $373,073 (cumulative over  
8.5 years) 
Energy Savings: 77% less energy 
consumption than an average office building 
Energy Costs: $800 in credits from the utility 
per year 

 FINANCIAL 
Total Cost: $7 million, including design, 
engineering, construction, and furnishings 

 
 Cost Savings: The building has achieved 

$373,073 in cumulative savings, including 
$257,133 from high-performance building 
design, $77,680 from the rooftop solar array, 
and $38,260 from operational efficiencies. As 
grid electricity costs continue to rise, the 
annual energy savings are expected to double 
in the next 10 years, with the potential to reach 
up to $80,000 per year. 

 Showcasing Replicability: By aligning with 
LEED Platinum standards, the goal is to 
present replicable models for construction 
locally and globally. The aim is to motivate 
others to embrace comparable strategies for 
saving money. 

Background 

Rationale 
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 Collaborative Design Process: An integrated 
design process facilitated incorporation of 
commercially available technologies into the 
building’s design. This cooperative strategy 
and the continuous flow of operational 
information between designers and HARC 
facilitate continuous improvement in operation. 
Together, these components contribute to a 
building that embodies high-performance 
technologies. 

 

 
Commercially available geothermal and solar 
energy technologies have been implemented in 
an innovative way. The geothermal energy 
system taps into the earth’s thermal mass for 
heating and cooling purposes.  
 

 
This system includes 36 geothermal wells drilled 
300 feet beneath the parking lot, leveraging the 
earth’s constant temperature of 70°F for efficient 
heat exchange. Fifteen heat pumps distributed 
throughout the building provide heating and 
cooling to 15 zones, which are independently 
controlled by a building automation system to 
minimize energy consumption. Each heat pump 
is equipped with its own circulation pump, so  

water only circulates through the geothermal loop 
when there is demand for cooling or heating in the 
building. The HVAC system operates at relaxed 
temperature setpoints during evenings, weekends, 
and holidays to conserve energy and prevent long-
term thermal saturation of the geothermal field. 
The exception to this rule is the data server room, 
which is maintained at 72°F year-round. 
In addition to geothermal energy, the building was 
designed to host a rooftop PV solar system. The 
strategic north/south orientation and roof slope 
maximize the cost savings from the solar panel 
installation. Initially equipped with 11.5 kW of 
rooftop PV solar capacity, the system was 
expanded to 88 kW with the addition of 77 kW in 
December 2018. Since then, the 252 rooftop solar 
panels have produced an average of 105,000 kWh 
per year, delivering approximately $10,500 in 
yearly energy cost savings. 
 

 
Furthermore, the commitment to increased energy 
savings extends to the building envelope and 
design. An innovative approach includes a thermally 
vented cladding assembly and rain screen combined 
with an airtight enclosure, resulting in an energy 
consumption reduction of approximately 77%—
compared to a baseline project—and a cumulative 
savings of $257,133.  
HARC remains committed to ongoing research and 
innovation, continually exploring new technologies, 
strategies, and partnerships. This fully electric 
building hosts a continuous commissioning system 
able to collect data at the circuit breaker level every 
five minutes and turn plug loads on and off on a 
schedule.  

Approach and Implementation 

36 geothermal wells beneath HARC’s parking lot 

A bird’s-eye view of the HARC building, highlighting its 
eco-friendly design and harmonious integration with the 
surrounding natural landscape 
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The implementation of geothermal and solar 
technologies at the HARC building has resulted in 
a positive return on investment. 
 Geothermal Heating and Cooling: The 

building utilizes a closed-loop geothermal 
system comprising 36 wells to provide the 
required heating and cooling. Water is the 
primary heat transfer fluid circulated through 
the geothermal field. This high-performing 
system is powered by the onsite energy 
generated by the rooftop solar plant during 
most business hours and days.  

 Solar Power Generation: The rooftop solar 
array at HARC is capable of generating  
88 kW of onsite energy. 

 Cost Savings: The efficient utilization of 
geothermal energy and solar power has 
resulted in significant cost savings for HARC. 
The building’s thoughtful design and 
integration of onsite energy technologies 
contribute to lower operational costs. 

 Innovative Design: Incorporating geothermal 
and solar technologies showcases HARC’s 
innovative approach to building design. These 
technologies, combined with a high-
performance building envelope, reduce 
operational costs through lower energy use. 

 
 
 
 
 

 
All these features have resulted in the HARC 
building operating as ENERGY STAR® 99/100 since 
November 2019. These integrated efforts have 
achieved significant benefits, according to the U.S. 
Environmental Protection Agency’s (EPA’s) Portfolio 
Manager: 
 Energy Consumption: Under 16 kBTUs per sq. 

ft. since July 2020—76.9% lower than that of a 
comparable office building in the United States. 

 Operational Costs: A credit of $800 per year is 
received from the local utility (no electricity 
costs). The monthly water bill is less than $50 
per month. 

HARC’s mission propels it to explore innovative 
solutions. These are some of the benefits derived 
from HARC’s geothermal and solar initiatives. 
 Technology Showcase: The facility is operated 

as a living lab, piloting hardware and software 
technologies and modeling the future of 
buildings. The organization offers no-cost 
educational tours to students, teachers, and 
other interested parties. The design and 
construction partners continue touring the 
building with prospective clients, and 
professional associations have held meetings in 
the facility.  

 A Beacon for Learning: The facility has 
received numerous national and local design 
awards and operational certifications and has 
also been highlighted by various entities 
including DOE and media, like The New York 
Times.  

R-50 building envelope design at HARC 

Results Heat pumps provide heating and cooling at HARC. 
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 Workforce Development: HARC’s 
geothermal and solar initiatives offer valuable 
educational opportunities. Workshops, tours, 
and outreach programs provide insights into 
onsite energy technologies and cost/energy 
practices. 

 

 

 Investing Resources: Investments in onsite 
energy technologies, combined with 
targeted operational strategies, translate into 
high building performance and long-term 
cost savings for HARC. These savings 
enable the organization to invest resources 
in further building optimization and 
educational endeavors.  

 

The HARC building demonstrates what is 
possible in high-performance design, inspiring 
organizations like the Houston Endowment to 
support the adoption of onsite energy 
technologies and optimized energy management 
in both existing and new buildings.  
 
 
 
 
 
 
 
 
 
 

The onsite generation systems produce results 
that are aligned with the organization’s operational 
mission and promote onsite energy adoption, 
increased performance, cost-effectiveness, and 
educational resources. 
Through the combination of a geothermal field and 
high-performing heat pumps, the building 
maximizes the use of energy generated onsite by 
the rooftop solar plant. This approach effectively 
harnesses natural resources for heating and 
cooling, showcasing a replicable mix of 
commercially available technologies that reduce 
energy operational costs to zero while maintaining 
indoor comfort. This focus on onsite energy 
generation and usage, coupled with continuous 
monitoring and improvement work, positions the 
facility as a model for building practices. 
 

The 10 U.S. Department of Energy Onsite Energy 
Technical Assistance Partnerships (TAPs) help 
industrial facilities and other large energy users 
integrate the latest onsite energy technologies. 
For more information on this project 
and/or the services of the Onsite 
Energy TAPs, use the QR code or 
visit our website at: 
betterbuildingssolutioncenter.energy.gov/onsite-
energy/taps. 

Contact Information 

Lessons Learned 
 

HARC added beehives to support the biodiversity of the 
property through pollination. They also give visitors and 
staff a safe way to see bees up close and provide a small 
amount of honey for each employee. 
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