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CONCEPT PAPER – DE-FOA-0001632 
BUILDINGS ENERGY EFFICIENCY FRONTIERS & INNOVATION 

TECHNOLOGIES (BENEFIT) – 2017 

Topic Area Number: Topic 4: Open Topic for Energy Efficiency Solutions for Residential and 
Commercial Buildings – Pre-Commercial Stage 

Project Title: Energy Transmittance Monitoring Platform for Commercial Buildings 
Lead Organization: GDS Associates, Inc. (GDS) 

Organization Type: Energy Management Consulting Business < 500 employees 
Anticipated Project Budget (Federal and Cost Share): $1,302,000  

Anticipated Project Duration: GDS anticipates a project duration of 30 months.  
Principal Investigator, Team Members, and Key Participants: GDS Associates (Rich 
Hackner - PI), Molex, University of Wisconsin-Madison, and the Massachusetts Institute of 
Technology 

International Collaboration for HVAC&R Topic 2: No.  GDS Associates, Inc. is not 
responding to Topic 2.  

ABSTRACT 
GDS with its technology partners has developed an energy-loss monitoring platform and process to 
speed energy auditing and performance verification for commercial buildings. 

The technology platform features non-contact infrared sensors to measure energy transmittance and 
dew point between external and internal wall and window surfaces. The system enables a non-
technical operator to place sensors in a room, and through a communication hub automatically map 
mesh network topology to record real-time temperature, humidity, barometric pressure, and other 
data shared via secure HTTP protocol and integrated into facility/energy management software.  

The system includes thermal bridge and ambient sensors, microprocessor controlled Wi Fi mesh 
network and a programmable communications hub. The web portal server includes decision support 
framework for cost justification analytics that cross-reference solution options, providing both 
investment and validation metrics.  

The sensors are configured as printed electronics onto a clearcoat substrate that acts as an emissivity 
calibration layer. Sensors can be temporarily or permanently affixed to any surface material with 
pressure sensitive adhesive, enabling quick set-up demonstrations or scheduled monitoring in any 
building or room, reducing energy auditing time and costs. The printed electronics manufacturing 
process creates a low-cost, global platform for advanced HVAC, lighting, smart metering, and 
micro grid automation.  
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TECHNOLOGY DESCRIPTION 
The proposed technology features a fully-integrated microelectromechanical system (MEMS) 
thermopile sensor (TI TMP007) that measures the Field of View (FOV) energy transmittance and 
dew point between external and internal wall and window surfaces.  

Each sensor has an individual ID with Wi Fi enabled microprocessor (ESP8266) and a math engine 
calibrated to output spectral data which is communicated and orchestrated onto a web-connected 
Raspberry Pi base-station via mesh network. Our technology partner is a global manufacturer, 
Molex, which can configure layered components as printed electronics onto a clearcoat substrate 
that acts as an emissivity black body calibration layer. This configuration is potentially patentable 
on a global scale. 

The system enables a non-technical operator to place sensors in a room, turn on a communication 
hub and automatically map mesh network topology to record real-time temperature, humidity, 
barometric pressure, and other data to share via secure HTTP protocol and integrate into 
facility/energy management software. Pressure sensitive adhesives enable sensors to be 
temporarily or permanently affixed to any surface material. This allows quick set-up 
demonstrations or scheduled monitoring in any building or room, making energy use auditing 
less costly and time-consuming.  

Current State-of-the-Art in the Relevant Field: Thermographic cameras are currently used to 
demonstrate energy loss from residential and commercial buildings only on the specific day and 
time in which a person captures the photo image. While a building owner can use thermal images 
to make judgments about how a wall is constructed, the thermal image will only show where 
energy is escaping based on the weather conditions of one specific date and time. This reduces the 
urgency that real-time information provides. In addition, third party verification of the capabilities 
of insulating material (wall, window and roof systems) is currently lacking, and the inability to 
provide specific, timely energy loss data impedes the development of efficient insulating material. 

FOV 

Heat Flux Sensor Innovation 
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Highlighting real-time energy-loss using the proposed technology will encourage decisions to 
invest in energy saving retrofits. This project will also build upon an existing Molex project, 
“Energy-harvesting, Self-calibrating Wireless Sensors for Improving Energy Efficiency in 
Buildings,” and will expand the use of “peel and stick” sensor technology and functionality.  

Overcoming shortcomings, limitations, and challenges in the relevant field and application: 
Constructing a building shell requires that the contracting staff assemble a series of products into 
a single final product. Both the product manufacturing and the assembly into the building systems 
have quality assurance protocols designed to ensure that the building operates as intended in the 
initial design.  
As buildings are occupied and age, the building’s systems will settle and change. The speed of that 
change, along with identification of sudden failures which occur after occupancy, are critical to 
determining if the facility meets the warranty requirements of the performance specification. 
Typically, a single point test before occupancy is used to define the point where it is determined if 
the building meets the intent of the design. Incorporating the proposed sensor technology into the 
building performance specification allows for changes to the building systems warranty over time 
based on real conditions. Creating both a better product for the building owner and a more 
predictable warranty system for the contractor will reduce warranty risks and costs. 
Potential Impact: According to DOE sources, the building sector accounts for 76% of electricity 
use and 40% of all U.S. primary energy use and associated greenhouse gas emissions. Further, 60% 
of heating loads in commercial buildings is the result of heat flows through the building envelope 
(walls, windows, roof, and foundation). Most of the cooling load in commercial buildings 
attributable to the building shell occurs as solar heat gain through windows. 

The DOE’s Quadrennial Technical Review (DOE, September, 2015) estimates that applying the 
most efficient windows could reduce commercial cooling loads by about 20%, and using the most 
efficient wall/window/roof/floor systems could reduce heating loads by approximately 50%. 
However, before these savings can be fully realized the report notes the need for “Improved tools 
for diagnosing heat flows over the life of the building” and “Clear metrics for the performance of 
building shells in heat management and air flows.”  The results of the proposed work will directly 
contribute to better understanding and managing energy flows through the building envelope, help 
detect building system degradation and failures, and provide better information on which to base 
energy retrofit decision.  
Key Technical Risks: The first key technology risk associated with this product is that the materials 
will not be able to withstand long term stresses (durability) as well as the building shell., The second 
risk is that the information provided will be analyzed to create solutions which do not provide value 
decision quality). And third, the security of wireless communication systems must be addressed at 
each installation. 

The durability risk impacts both the actual sensor and the wireless communication system. The 
sensors are expected to be a minimal cost, although may be installed in locations where they will 
be inaccessible. The risk is that the sensors will either fail to sense or fail to communicate the 
readings and once that occurs, it may require replacement.  

The decision quality risk is a function of providing data points across a facility that is available for 
independent analysis. Since the information is new to the marketplace, it is critical that the GDS 
team create proper analysis framework and actions associated with the data provided to customers 
and continue to evolve this framework as the product moves to full commercialization.  
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ADDENDUM 
Team Qualifications, Experience, and Capabilities: GDS is a multi-service consulting and 
engineering firm formed in 1986 with over 170 employees located across the U.S. GDS’ past 
projects for DOE include the management and implementation of a grant to support residential 
energy codes in the Northeast States. The sensor innovation is built around the unique advantages 
of Texas Instruments new generation of microelectromechanical system (MEMS) thermopile 
sensors. The system’s approach to implementation is uniquely suited to an established energy 
efficiency consulting organization. 
Principal Investigator, Rich Hackner, is a Professional Engineer with over 30 years of experience 
in energy efficiency. He has been an active member of the American Society of Heating, 
Refrigeration, and Air Conditioning Engineers since 1982 and is currently the chair of the 
ASHRAE TC 7.5 Smart Building Systems.  
Molex is a manufacturer of electronic, electrical and fiber optic interconnection systems. Molex 
offers over 100,000 products, across a variety of industries. Molex is currently conducting a 
project for DOE as a subcontractor to Oak Ridge National Lab. The Energy-harvesting, Self-
calibrating Wireless Sensors for Improving Energy Efficiency in Buildings project includes peel 
and stick sensor technology that can be leveraged for this project. 
Additionally, GDS has a preliminary agreement with a Wisconsin-based business consultant that 
has experience moving devices from inventor to commercialization to guide the evolution of the 
business strategy to commercialization. 
Teaming Partners on Prior Projects or Programs: Over the past decade, GDS Associates and 
the University of Wisconsin-Madison (UW-Madison) have worked together on several projects, 
including two Conservation Innovation Grants with combined budget of $1,997,375. GDS 
Associates also worked with UW-Madison to develop an online energy self-assessment calculator 
tool. This project evaluated the application of both self-assessment and detailed professional audit 
tools. The project received a second round of grant funding that continued field testing of the 
tools and also added new modules and renewable energy self-assessment tools. Additionally, 
UW-Madison was a subcontractor to GDS on a contract for the Focus on Energy Program. The 
Focus on Energy budget was over $1,500,000 annually. Collaboration on this project lasted over 
four years.  
Equipment and Facilities: MIT and the UW-Madison College of Engineering maintain several 
core user facilities that offer a suite of world-class specialized instrumentation and capabilities on 
the university campuses and real world on-site testing with GDS instrumentation. This will 
provide the opportunity to provide results from a laboratory for controlled environment testing 
and implementation data to apply statistical and big data techniques to calibrate product 
development. Molex will provide engineering facilities and design. Together, team members 
possess all of necessary equipment and facilities to successfully complete the Energy 
Transmittance Monitoring Platform for commercial buildings. 
The laboratory experience has an opportunity to utilize the UW Madison Materials Science Center, 
which contains sophisticated microscopy and analysis instruments for characterizing materials and 
nanostructures. The Soft Materials Lab specializes in polymer synthesis and characterization of 
physical and mechanical properties of polymers and other materials. The techniques it offers include 
differential scanning calorimetry, thermo gravimetric analysis, rheometry, dynamic mechanical 
analysis, gel permeation chromatography, ellipsometry, contact angle measurement, and zetasizer. 
The Wisconsin Center for Applied Microelectronics is a materials micro- and nano-fabrication 
facility offering 60 advanced instruments and 10,000 square feet of cleanroom space.  


