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Legal Notice 
 

This report was prepared by Utilization Technology Development, NFP (UTD). Neither UTD, the 
members of UTD, nor any person acting on behalf of any of them: 
 

• Makes any warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any infor-
mation, apparatus, method, or process disclosed in this report may not infringe privately-owned 
rights. Inasmuch as many projects are experimental in nature, the technical information, results, 
or conclusions cannot be predicted. Conclusions and analysis of results by UTD represent 
UTD’s opinion based on inferences from measurements and empirical relationships, which infer-
ences and assumptions are not infallible, and with respect to which competent specialists may 
differ. 

 

• Assumes any liability with respect to the use of, or for any and all damages resulting from the 
use of, any information, apparatus, method, or process disclosed in this report; any other use of, 
or reliance on, this report by any third party is at the third party’s sole risk. 
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Letter to Our Stakeholders 
  

The need for significant innovations in energy-efficient equipment, systems, and practices became more evident during 

the past year, as many governments, utilities, corporations, and other entities set ambitious environmental goals despite 

the challenges of COVID-19.  But at the same time, the International Energy Agency in its Energy Efficiency 2020 report 

highlighted that energy efficiency progress was already lagging and faced further setbacks from the pandemic, when 

compared to goals to reduce greenhouse gas emissions by 2040. And new indoor air quality guidelines arising from 

COVID-19 may increase heating, cooling, and dehumidification energy demands. Events during the past year in Texas, 

the U.S. Gulf Coast, and elsewhere also continued to highlight the need for energy resiliency while addressing these 

ambitious goals.  

North American utilities are addressing these critical needs in part through  

Utilization Technology Development NFP (UTD), a non-profit applied research 

organization of 20 member companies who serve 37+ million gas customers  

in North America. UTD is partnering with many entities to create, develop, and 

demonstrate many affordable products to operate at far higher energy-efficiency 

levels than existing equipment. This report summarizes 70+ UTD research  

projects that focus on increasing efficiency, integrating more renewable energy, 

reducing emissions, and enhancing reliability and safety for the members’  

residential, commercial, industrial, and transportation customers.  

UTD’s efforts continue to provide a key strategic foundation for utility-led energy-

efficiency or emerging-technology programs, by advancing, demonstrating, and 

validating new technologies to an inflection point where those programs can  

incentivize customers to apply technologies that have been proven to perform. 

We continue to develop and advance resilient integrated energy systems that 

couple renewable energy with a gaseous infrastructure that offers immense  

seasonal energy storage. These options retain customer choice, allow increased 

use of renewable natural gas or hydrogen produced from renewable energy,  

and provide a resilient, reliable foundation while consumers cope with bitterly 

cold winters, hurricanes, and other weather events.  

UTD leverages its resources by co-funding research grants with funding provided 

by the U.S. Department of Energy, California Energy Commission, and other 

leading governmental agencies, and by collaborating with national laboratories, 

university researchers, leading manufacturers, and innovative entrepreneurs. 

We thank those who support applied research in the end use of gaseous fuels  

in order to economically address the great needs facing utility customers and 

society. This includes our thanks to researchers, innovators, and funding co-

sponsors from industry, university, and government who partner with UTD. 

                     
                      Jim Jerozal           
                      Chairman                                                                          

UTD Members 

> APGA Research Foundation 

> Atmos Energy Corporation 

> Dominion Energy  

> DTE Energy 

> Duke Energy 

> Enbridge Gas 

> Intermountain Gas Company 

> Louisiana R&D Committee 

   - Atmos Energy Corporation 

- CenterPoint Energy, Inc. 

- Entergy Corporation 

> National Fuel Gas Distribution Corp. 

> National Grid 

> New York State Electric & Gas Corp./ 

Rochester Gas and Electric Corp. 

> NW Natural 

> Nicor Gas 

> Oklahoma Natural Gas Company 

> Pacific Gas and Electric Company 

> Peoples Gas, a WEC Energy Group Co. 

> Southern California Gas Co.,  

a Sempra Energy Utility  

> Southwest Gas Corporation 

> Spire Energy 

> TECO Peoples Gas  

Ron Snedic 
President 



UTD IMPACT 
October 2021 

UTD develops and advances economical new products, systems and 
technologies to save energy, save customers money, integrate renewable 
energy and renewable natural gas, and help customers maintain safe,  
reliable, resilient operation with superior environmental performance.  

UTD thanks the leading researchers, entrepreneurs, universities,  
governmental agencies, manufacturers and others that partner with UTD 
as a 501(c)(6) not-for-profit organization of North American gas utilities to 
develop and demonstrate affordable new energy-efficient solutions for end 
users - - accelerating the transition to a lower-carbon future. 

Please contact us if you have any questions about UTD. 

Ron Snedic (1.847.768.0572) Rich Kooy (1.847.768.0512) 

UTD’s 20 member companies serve 

more than 37 million natural gas cus-

tomers in North America. 

UTD helps utilities create exciting new 

products for their customers and max-

imize the impact of their energy-

efficiency programs. 

Together we’re shaping the energy 

future with clean, efficient end-use 

technologies.  

Visit www.utd-co.org for more  

information. 

COMMERCIALIZED PRODUCTS 

  

Dedicated Outside Air System/Rooftop Unit 

Condensing heating versions of Munters Dedicated Outside Air 
System (DOAS) and other rooftop unit (RTU) products increase 
heating efficiency from 80%-81% to 90%-93%. Multiple RTU 
manufacturers are now offering DOAS with 90+% efficiencies, 
facilitated by the availability of condensing duct furnace  
modules first developed with UTD support. 
  

Munters Corporation 
Larry Klekar 
210-249-3883 
larry.klekar@munters.com 
www.munters.com 

 

Condensing Duct Furnace Modules 

High-efficiency condensing heating modules developed with 
UTD support are now available from Beckett Gas and other 
OEMs, including Heatco, and are being applied to DOAS and 
other products including Make-Up Air Units available from  
multiple manufacturers including Aaon, Daikin, and RuppAir. 

Beckett Gas, Inc. 
Joel Mohar 
440-783-7610 
jmohar@beckettcorp.com 
www.beckettgas.com 
  



COMMERCIALIZED PRODUCTS (continued) 

  GRIDIRON PowerPlant™ H24 and HA65 

The PowerPlant HA65 from GRIDIRON (formerly M-Trigen)  
provides high-efficiency microCHP with integrated cooling to 
homeowners, small businesses, and other users. UTD is providing 
technical support for a notable demonstration by partnering with 
NYSERDA, National Grid, NJNG, and PERC to independently  
validate performance. UTD is also supporting GRIDIRON in its 
optimization of PowerPlant HA65 to minimize emissions, and its 
development of PowerPlant H24. 
  

GRIDIRON 

Alan Thomas 

713-574-4506 
alant@gridironenergy.com 
www.gridironenergy.com  

 

Yanmar 3-Pipe Engine-Driven Gas Heat Pump  

Yanmar’s 3-pipe, 14-ton Gas Heat Pump (GHP) with variable  
refrigerant flow (VRF) offers an important new energy-efficiency 
option for the North American market by combining heat recovery 
with simultaneous heating and cooling. In a 2018-20 field test, 
UTD validated equipment performance and produced a public 
summary of results. Additional tests are underway.  

YANMAR America Corp. 

Eddie Caton 

770-877-7733 

eddie_caton@yanmar-es.com 
www.yanmar-es.com  

  

 

Heat Sponge Economizer for Industrial/Commercial Boilers 

In either condensing or non-condensing configurations, this heat 
recovery system for commercial and industrial boilers (over 
140,000-unit market in U.S.) increases boiler efficiency from 80% 
to a range of 85%-93% (validated by UTD lab testing). It also 
saves customers 5%-15% in annual energy costs. UTD completed 
a field test in Utah to validate energy savings.  

Boilerroom Equipment, Inc.  

866-666-8977 
www.heatsponge.com 

 

Sierra
TM

 Engine-Driven Gas Heat Pump 

Sierra’s (formerly NextAire™) 11-ton packaged GHP can efficiently 
heat and cool commercial buildings (up to 1.4 COP) while reducing 
electric demand. Also available are 8- and 15-ton GHPs with VRF 
multizone capabilities. UTD’s field studies are supporting best 
practices for siting. UTD is partnering with NYSERDA and National 
Fuel in a field test in NY state. 

Blue Mountain Energy  

Tom Young 

702-339-7395 
tyoung@bluemountainenergy.com 

www.bluemountainenergy.com  

 

Cannon Boiler Works Ultramizer
®
  

The Ultramizer is an advanced heat-and-water recovery system for 
larger commercial and industrial boilers, of which there are more 
than 140,000 in the U.S. It increases boiler efficiency from 80% to 
93% – saving customers 15% in energy while also reducing water 
demand.  

Cannon Boiler Works, Inc. 

Chris Giron 

724-335-8541 x414 

sales@cannonboilerworks.com 

www.cannonboilerworks.com  

 

S.U.N. Equinox Solar-Assisted Heating System 

The Equinox system is a combination solar/natural gas water  
heating system that uses an efficient evacuated tube design. It  
can be used in residential, commercial, or industrial locations and 
is capable of meeting 100% of domestic hot-water and space  
heating needs. UTD validated its energy performance in a field 
demonstration.  

Solar Usage Now, LLC  

Thom Blake 

260-657-5605 

tblake@solarusagenow.com 

www.solarusagenow.com  



COMMERCIALIZED PRODUCTS (continued) 

  ENERGY STAR
®
 Fryers 

 
Royal Range introduced the high-efficiency RHEF-75 fryer in 
2019 - building on the success of the smaller-capacity, high-
efficiency RHEF-45 fryer that received the National Restaurant 
Association’s Kitchen Innovation Award and GFEN’s Blue 
Flame Product of the Year Award. Independent testing showed 
63% heavy-load cooking energy efficiency.  

Royal Range of California  

Robert Lutz 

951-360-1600 

robert@royalranges.com 
www.royalranges.com  

 

Low-Oil-Volume Fryers 

Marketed by Frymaster as Protector
®
 fryers, this equipment 

increases energy efficiency while also extending cooking-oil 
quality and life to provide significant customer savings. Field 
demonstrations completed by UTD have shown an average 
savings of $4,800 per year per fryer.  

Frymaster  

Linda Brugler 

318-866-2488 

lbrugler@frymaster.com 

www.frymaster.com  

 

ENERGY STAR Conveyor Oven 

ENERGY STAR rated conveyor ovens from Lincoln include  
an advanced energy-management system to reduce energy 
consumption up to 38%.  

Lincoln, a division of  
Manitowoc Foodservice  

260-459-8200 
www.lincolnfp.com  

 

ENERGY STAR Convection Oven  

This unit showed improved efficiency and 40% energy savings 
compared to a standard oven during field testing and achieved 
an ENERGY STAR rating.  

Garland 

905-624-0260 

www.garland-group.com  

 

High-Efficiency Broiler  

This broiler features infrared burners and an energy-saving 
hood that showed an average of 23% energy savings during 
field testing. It offers more efficient cooking as well as reducing 
heat gain to the kitchen.  

Royal Range of California 

800-769-2414 

www.royalranges.com  

 

ENERGY STAR Countertop Steamer 

A compact, gas-fired countertop steamer for commercial food-
service offers enhanced cooking rates while providing energy 
savings and reduced water consumption. It was the first gas-
fired boilerless steamer on the market and received an ENER-
GY STAR rating.  

Market Forge Industries Inc. 

617-387-4100  

866-698-3188 

custserv@mfii.com 

www.mfii.com  

 

Gas Quality Sensor 

The Gas Quality Sensor (GQS) uses solid-state infrared light 
absorption spectroscopy to measure Btu content and composi-
tion of natural gas and bio-methane fuels. It provides faster re-
sponse at much lower cost than a gas chromatograph.  It was 
developed with UTD support and was commercially introduced 
by CMR Group in 2019.  

CMR Group 

Jon Stendbebach 

724-452-2200 

918-407-4005 
jon.stendebach@cmr-group.com 

www.cmr-group.com  



COMMERCIALIZED PRODUCTS (continued) 

  Cummins Westport 8.9L Near-Zero Emission NGV Engine 

This 8.9L 320-HP NGV engine is widely used, with 50,000+  
engines sold for transit, refuse-collection, and regional hauling 
applications since 2007. In 2016, it was advanced to become 
the first engine certified in North America to meet the 0.02 g/ 
bhp-hr optional Near Zero (NZ) NOx emissions standard (i.e. 
90% lower than the current EPA NOx limit of 0.2 g/bhp-hr). 

Cummins Westport Inc. 

Yemane Gessesse 

812-377-5000 
yemane.gessesse@cummins.com 

www.cumminswestport.com  

 

Cummins Westport 6.7L Medium-Duty NGV Engine  

This 6.7L 240-HP natural gas vehicle (NGV) engine is used  
in school buses, shuttle buses, medium-duty trucks, and other 
vocational uses.  It went into full commercially production in  
December 2016. It meets U.S. 2017 EPA GHG requirements  
as well as NZ NOx emissions standard of 0.02 g/bhp-hr.  

Cummins Westport Inc. 

Yemane Gessesse 

812-377-5000 
yemane.gessesse@cummins.com 

www.cumminswestport.com  

 

Cummins Westport 11.9L Near-Zero Emission NGV Engine 

This 11.9L 400-HP NGV engine is used in large trucks, buses, 
and refuse vehicles. Engine sales since 2013 are approaching 
10,000 units and 25,000+ engines will likely be sold in N.A. by 
2020, yielding emissions reductions and $600+ million in annual 
fuel sales. In Model Year 18, it became CWI’s second engine 
certified to meet NZ NOx emissions standard of 0.02 g/bhp-hr. 

Cummins Westport Inc. 

Yemane Gessesse 

812-377-5000 
yemane.gessesse@cummins.com 

www.cumminswestport.com  

 

HyperComp/3M NGV Cylinders 

These lightweight Type IV NGV cylinders are manufactured using 
advanced 3M nanoparticle-enhanced matrix resin technology for 
high strength and durability. Three tank sizes of 30, 40, and 45 
diesel gallon equivalent (DGE) are now offered in nine unique 
CNG Fuel System Solutions from Momentum Fuel Technologies, 
including roof mount, saddle mount, and back-of-cab designs.  

Momentum Fuel  
Technologies 

844-264-8265  

www.momentumfueltechnologies.com  

 

Ultimate CNG FuelMule™ 
The patented FuelMule™ mobile fueling solution dispenses 
eight diesel gallon equivalent per minute and fuels 35-50  
medium-duty vehicles per delivery. It is used as a temporary 
starter station, station back-up, or for mobile onsite fueling.  
It logged 250,000+ miles and almost 6,000 compressor hours 
delivering natural gas fuel to vehicles across the U.S. in its first 
five years of operation.  

Ultimate CNG, LLC  

Dennis Pick 

703-209-4086 

dpick@ultimatecng.com 

www.ultimatecng.com  

 

External Concentration Parabolic Collector 

This patented, non-tracking, extremely-low-profile concentrator 
can achieve 200°C (392°F) solar thermal energy to economically 
serve commercial and industrial facilities and reduce GHG  
emissions. It can also be integrated with natural gas as a  
supplemental energy source. UTD provided technical and  
product development support and experimental validations  
over a seven-year period.  

Artic Solar Inc. 

Bill Guiney 

904-513-4638 

bill@articsolar.com 

www.articsolar.com  



KEY INFORMATION & ANALYTICAL TOOLS 
  Reliability, Cost and Environmental Impacts of Standby Generation Systems 

Generac’s website provides technical information related to emissions, reliability and  
costs of natural gas generators that was developed with UTD’s support. For example,  
UTD researchers published a white paper that provided new data on the reliability of  
natural gas service and assisted in the development of a Total Cost of Ownership  
calculator that compares emissions and costs of natural gas vs. diesel-fueled standby  
generators. 
 
Available on-line at https://www.gti.energy/wp-content/uploads/2019/02/Assessment-of-
Natural-Gas-Electric-Distribution-Service-Reliability-SummaryReport-Jul2018.pdf and  
https://www.generac.com/Industrial/all-about/natural-gas-fuel    

 

U.S. DOE Building America  

Under five separate UTD projects from 2011 to 2021, UTD has developed key information 
and tools to support the U.S. DOE’s Building America research, development, and  
demonstration program, which helps accelerate use of best practices by residential  
builders, remodelers, installers, code officials, designers, raters, teachers, and others.  
Most recently a simplified combustion safety protocol was introduced. 

Available on-line at https://www.gti.energy/BuildingAmerica and https://basc.pnnl.gov/library  

 

Commercial Foodservice (CFS) Equipment Calculator  

This website provides the restaurant industry and others with information and tools to deter-
mine the economic and environmental benefits of using new, more advanced and efficient 
CFS equipment. The website was developed with UTD support and has been showcased 
at several restaurant trade shows. Further enhancements are underway in 2021. 
 
Available online at http://cfscalc.gastechnology.org.  
For more information, contact Frank Johnson; fjohnson@gti.energy  

 

Virtual Test Home 

A Virtual Test Home (VTH) in a laboratory was expanded in 2020 with UTD’s support. Lev-
eraging the VTH, UTD has helped Navien and iFLOW demonstrate that an advanced 
forced-air condensing tankless water heater combi system can achieve 30-50% energy 
savings relative to best-in-class condensing furnaces and water heaters.  The VTH is also 
developing data to help accelerate adoption of advanced gas technologies (such as GHPs, 
combis and modulating furnaces) in U.S. DOE’s EnergyPlus™ and other energy software. 

For more information, contact Tim Kingston; tkingston@gti.energy  

 

CSA NGV2 CNG Vehicle Fuel Containers Standard Technical Committee Support 

The sixth edition of CSA NGV2 issued in 2019 and contains updated information and re-
quirements for the material, design, manufacture and testing of serially-produced, refillable 
Type NGV 2 containers intended only for the storage of CNG for vehicle operation. The 
2019 revision includes localized fire tests and conformable storage topics. UTD supported 
participation to lead the Technical Task Force that created the Standard. 

Available online at www.csagroup.org.  
For more information, contact Ted Barnes; tbarnes@gti.energy  



KEY INFORMATION & ANALYTICAL TOOLS 
  CSA NGV4.3 NGV Storage and Delivery Standard Technical Committee Support 

CSA NGV4.3 issued in 2018 and specifies the performance requirements for temperature 
compensation control used to prevent compressed natural gas (CNG) dispensing systems 
from exceeding a safe fill level of vehicle fuel storage container(s). It contains safety  
performance guidelines and field evaluation methods for existing dispensing systems.  
UTD supported participation to lead the Technical Task Force that created the Standard. 

Available online at www.csagroup.org.  
For more information, contact Ted Barnes; tbarnes@gti.energy  

 

CSA NGV6.1 NGV Storage and Delivery Standard Technical Committee Support 

CSA NGV6.1 was introduced in 2016 and defines the requirements for the balance of  
systems and equipment onboard a NGV, which is not otherwise defined by NGV1 for the 
receptacle or NGV2 for the storage containers. UTD supported GTI’s participation on the 
Technical Committee. 
 
Available online at www.csagroup.org.  
For more information, contact Ted Barnes; tbarnes@gti.energy  

 

CSA NGV5.1 and NGV5.2 Fueling Appliance Standard Technical Committees Support 

CSA NGV5.1 was introduced in 2015 and updated in 2016, and provides mechanical, phys-
ical, and electrical requirements for residential fueling appliances (RFAs) that  
dispense natural gas for NGVs, including indoor and outdoor fueling appliances that  
connect to residential gas piping. A complimentary standard, NGV5.2 for vehicle fueling 
appliances (VFAs) in non-residential locations, has been developed and was published  
in late 2017. UTD supported participation on both of the Technical Committees. 

Available online at www.csagroup.org.  
For more information, contact Ted Barnes; tbarnes@gti.energy  

 

CSA SPE-2.21.1:20 Best Practices for CNG Vehicle System Leak Inspection Standard 
Technical Committee Support 

In 2020, the first edition of CSA SPE-2.21.1 was published.  It provided additional  
specific guidance and best practices to enhance user safety and mitigate potential leaks.  
Recommendations regarding in-service leak detection, inspection and repair are provided, 
including leak detection methods.  UTD supported GTI’s participation on the Technical 
Committee. 

Available online at www.csagroup.org.  
For more information, contact Ted Barnes; tbarnes@gti.energy  

 

Source Energy and Emissions Analysis Tool 

The Source Energy and Emissions Analysis Tool (SEEAT) calculates source energy and 
greenhouse-gas emissions related to point-of-use (site) energy consumption by fuel type 
for each energy-consuming device. The source-energy and carbon-emission calculation 
methodology used accounts for primary energy consumption and related emissions for the 
full fuel cycle for residential and commercial buildings, industrial applications, and light-duty 
vehicles. SEEAT data is also used in the Energy Planning Analysis Tool (EPAT), a publicly 
available resource to help end users assess and minimize their total source energy use. 

Available online at www.cmictools.com and www.epat.gastechnology.org.  
For more information, contact Erin Bonetti; ebonetti@gti.energy  



TECHNOLOGY ADVANCEMENTS 
  Gas-Fired Absorption Heat Pump Residential Water Heater 

A field test of five prototype units of this efficient residential Gas-Fired Heat Pump Water Heater 
was successfully completed in Southern California during 2020, with support from CEC, UTD,  
SoCalGas and a prospective manufacturing partner. The unit has a projected Uniform Energy 
Factor (UEF) of 1.20-1.30 and ultra-low NOx emissions of ≤10 ng/J. A significantly larger and wid-
er field test of prototype commercial production units is being evaluated in 2021-22. 

Project Manager: Paul Glanville  

 

Gas-Fired Absorption Heat Pump for Space Heating or Commercial Water Heating 

A field test of four prototype Gas Absorption Heat Pumps (GAHP) for space heating or water  
heating applications was successfully completed in WI and TN during 2019 with a prospective 
manufacturing partner and support from U.S. DOE, UTD and others. Results demonstrated an 
Annual Fuel Utilization Efficiency of 140% (45% gas savings), ultra-low NOx emissions of ≤14  
ng/J, and continued operation under extreme cold weather conditions in WI during the Jan-Feb 
2019 Polar Vortex. A larger field test of prototype units is planned by the developer in 2021-22. 

Project Manager: Paul Glanville  

 

Ultra-Low NOx Burner 

This innovative firetube boiler technology has more than three years of proven successful  
operation at a Mission Linen Supply facility in California. It improves efficiency and achieves  
NOx emissions below 9 vppm, while avoiding the significant efficiency, capital cost, and/or  
operatingcost penalties if conventional Selective Catalytic Reduction or burner enhancements 
such as external Flue Gas Recirculation and/or High Excess Air firing were used. 
 
Project Manager: David Cygan  

 

Low-NOX Ribbon Burner System 

A new combustion system reduces NOX emissions by 50% in food processing, thermoforming, 
and other industrial applications and also saves energy. The system was evaluated in bench-
scale, pilot scale, and full-scale production settings and has demonstrated transparent operation 
at an industrial bakery in California. In 2021, post-demo monitoring will continue at the bakery is 
along with commercialization activities with UTD’s partner Flynn Burner Corp. 
 
Project Manager: Yaroslav Chudnovsky  

 

FlexCHP High-Efficiency Ultra-Clean Power and Steam Package 

This innovative CHP package allows flexible steam production while meeting stringent California 
emission levels without a SCR system and across the full range of firing rates — achieving NOX 
levels 50% below CARB limits. An installation in California operates with 84+% system efficiency 
and system emissions well below 9 ppm NOX. UTD has provided long-term support, including  
efforts to apply the technology to broader application sizes (e.g. to 400 kW / 400 BHP). 

Project Manager: David Cygan  

 

Boostheat Thermal Compression Heat Pump 

UTD researchers are collaborating with a European developer of a novel high-efficiency thermal 
compression-based heat pump, to help accelerate its potential introduction into North America.  
Leveraging global technology developments and partners can speed time to market for new  
technologies for end users, and help address key North American needs such as optimizing  
application with forced-air distribution systems, and potential integrated air conditioning capability. 

Project Manager: Alex Fridlyand  



TECHNOLOGY ADVANCEMENTS (continued)  
  Gas-Fired Warewasher 

A new prototype gas-fired warewasher is being developed in conjunction with a leading OEM.   
The estimated annual savings for restaurant, cafeteria, and other commercial food service  
operators is $1,100-$9,000 per warewasher (depending on size and type) while also saving  
energy and chemicals, when compared to electrically-heated warewashers that operate at lower 
temperature and thus require one-time use and environmental impact of chemicals. 
 
Project Manager: Shawn Scott  

 

Cost-Effective Small-Scale Compressor for Natural Gas Vehicles (NGVs) 

A cost-effective small-scale compressor could significantly change the NGV fueling market. With 
UTD cost share and U.S. DOE funding, GTI and the University of Texas, Austin (using specialty 
materials from Argonne National Laboratory) developed a novel approach using a linear motor  
with only one moving piston and operated a prototype successfully in the lab. The technology  
is currently being scaled up to 50 SCFM capacity with UTD funding. 

Project Manager: Jason Stair  

 

On-Demand Heat and Power System 

This unique new technology has received a remarkable three rounds of funding from U.S. DOE 
ARPA-E, along with UTD and other co-funding support.  This technology captures and stores  
renewable energy (or other resources, including waste heat), augments it with natural gas as need-
ed, and delivers heat and power on-demand to commercial, industrial, and other users.  
In 2021, the technology is moving to a pilot field scale-up demonstration in California. 

Project Manager: David Cygan  

 

CARB-Compliant Engine-Based Micro-CHP System 

UTD researchers are collaborating with the CEC and SoCalGas to advance and commercialize  
the first-ever engine-based micro-CHP system that complies with California Air Resource Board 
requirements. A system offered by a major manufacturer in an influential market like California 
could spark the U.S. micro-CHP market. 

Project Manager: Tim Kingston  

 

Energy Recovery Heat Exchanger  

UTD researchers are collaborating with CEC to demonstrate in California an advanced  
recuperator to increase energy efficiency at an aluminum die casting operation. The objective  
is a decrease natural gas use by 20-40% per ton of melted aluminum (depending if scrap is  
preheated). The technology has been used in Europe but not yet in North America. 

Project Manager: David Rue  

 

ENERGY STAR
®
 Residential Gas Dryer 

UTD worked with a major manufacturer to develop one of the first commercially-available gas-fired 
ENERGY STAR clothes dryers (included at energystar.gov/products/appliances clothes_dryers). 
UTD is currently investigating next-generation technologies and developing an early-stage  
prototype residential gas dryer to substantially further increase operating efficiency. 

Project Manager: Shawn Scott  



TECHNOLOGY ADVANCEMENTS (continued)  
  iGEN Self-Powered Furnace 

The innovative new iGEN furnace generates its own electric power and contains an integrated 
battery, providing homeowners with continuous heating even during electricity outages.  
Initial units produce about 45 MBtu/hr and 1kW of power, with reported 95% heating system  
efficiency. UTD supported the technical refinement of this new product with laboratory testing, 
validation, and recommendations. 

Project Manager: Tim Kingston  

 

Ultra-High-Efficiency, Combination Heating/Cooling Vuilleumier Cycle Heat Pump 

Vuilleumier cycle-based heat pumps could provide a step-change efficiency improvement over 
vapor absorption- or compression-based cycles, achieving cooling COP > 1 and heating COP > 
2. UTD is working with a leading developer to advance key system components using both  
computational and experimental analysis, to help achieve performance goals in alpha prototype 
testing funded by DOE, UTD and others.  UTD is funding additional research in 2021. 

Project Manager: Alex Fridlyand  

 

Next-Generation Liquid Desiccant-Based, Heat-Driven HVAC System 

Liquid desiccant-based systems can efficiently remove moisture from air and reduce the amount 
of mechanical energy and water required by conventional HVAC technologies that  
de-humidify, condition, and re-humidify space air. In cooperation with NYSERDA and others, 
UTD is testing a novel new non-corrosive, non-toxic desiccant in a gas-driven system that  
offers a potential 30% increase in COP on a seasonal basis over conventional HVAC  
technologies. 
 
Project Manager: Rich Swierczyna  

 

Self-Powered Tankless Water Heater 

Tankless water heaters yield higher levels of efficiency than storage-type water heaters but  
require the added expense of an electrical connection and are susceptible to power outages un-
less a separate battery back-up system is installed. UTD researchers have assessed  
leading thermoelectric generator (TEG) technologies, and in 2021 are analyzing opportunities  
to economically integrate TEG and other technologies into a prototype water heater design. 
 
Project Manager: Aleks Kozlov  

 

Low-NOx, High-Efficiency Burners for Commercial Food Service Equipment 

UTD is helping manufacturers respond to pending new regulations on NOx emissions of CFS 
equipment and simultaneously improve energy efficiency by developing and demonstrating  
prototype equipment that uses advanced burner concepts or components. Both novel new burn-
er configurations as well as state-of-the-art burner technologies are being evaluated. 

Project Manager: Frank Johnson  

 

High-Efficiency Gas-Fired Thermal Vacuum Heat Pump for Food Processing 

UTD is partnering with CEC, SoCalGas, and others to demonstrate an innovative high-efficiency, 
thermal-vacuum, gas-fired heat pump technology for food drying applications at a commercial 
food processing company. The new technology has the potential to be about twice as efficient  
as conventional processes. A prototype system at a field host site generated performance data 
during 2021. 

Project Manager: Yaroslav Chudnovsky  



TECHNOLOGY ADVANCEMENTS (continued)  
  High-Efficiency Commercial Clothes Dryer 

An advanced natural-gas-fired commercial clothes dryer is being created and demonstrated at 
laboratory scale that has the potential to save at least 50% of the energy used in the commercial 
clothes drying sector.  It is being developed in partnership with Oak Ridge National Laboratory 
and others, with financial support from U.S. DOE and UTD. 
 
Project Manager: Yaroslav Chudnovsky  

 

Next Generation Infrared Burner 

In partnership with a leading U.S.-based product manufacturer, UTD-funded researchers are 
testing a variety of unique metal foam materials in a laboratory to evaluate their potential  
performance as next-generation, high-efficiency, rapid-response, low-emission infrared burners 
that are directly fired with natural gas or renewable natural gas. 

Project Manager: Sandeep Alavandi  

 

Residential Furnace Retrofit for High-Efficiency Heating and Humidification 

Tests of a patented Transport Membrane Humidifier (TMH) technology in four homes in  
Minnesota demonstrated a 14% increase in furnace efficiency while providing humidification 
without water supply. Interested licensees should contact Rich Kooy at rich.kooy@utd-co.org.  

Project Manager: Dexin Wang  

 

Low-NOx Advanced 3D-Printed Nozzle Burner 

A novel design for next-generation retention nozzles leverages new additive manufacturing  
capabilities and equipment. In 2021, UTD is evaluating applications for boilers, water heating  
and air heating. Laboratory tests have demonstrated a robust, high-efficiency (3-6% increase), 
ultra-low emissions burner, with >10:1 turndown. It achieved 50%-75% reduction in NOX  
emissions compared to current burners, with the potential to reach <5 ppm NOX. 

Project Manager: Sandeep Alavandi  

WORKING WITH PARTNERS TO CO-FUND UTD INITIATIVES 

In 2020, each $1.00 in new UTD funding was leveraged by $3.6 of direct funding from government and industry  
partners for related end-use R&D. GTI secured $14 million from federal and state government partners and $9 million 
from manufacturing partners and other gas industry resources (outside of UTD). Manufacturing partners also provided 
significant additional in-kind co-funding.   
Examples include: 

>  U.S. Department of Energy (DOE) funding of $7.0 million for advanced space conditioning, transportation, methane  
    mitigation and low carbon fuel R&D.  

>  California Energy Commission (CEC) funding of three new projects totaling $4.5 million. These efforts include  
    energy recovery for industrial applications and building efficiency programs.  

>  U.S. Department of Defense (DOD) funding of $2.6 million to demonstrate new natural gas energy efficiency and  
    resiliency technology at military facilities.  

>  Northwest Energy Efficiency Alliance (NEEA) funding of $1.1 million to advance demonstrations of high-efficiency  
    residential water heating and market transformation.  

>  More than $8.3 million in other gas industry funding for a range of emerging technology efforts aiming to support the  
    evaluation of commercial readiness of new higher-efficiency natural gas technologies. 
 

Utilization Technology Development, NFP  |  1700 S. Mount Prospect Rd, Des Plaines, IL 60018  |  847.544.3400  |   www.utd-co.org 



Example Technical Publications and Presentations 2020-21 
Developed in part with UTD’s support 

 
► Fridyland, Alex, Glanville, Paul, and Garrabrant, Michael, “Pathways to Decarbonization of Residential  

Heating”, Purdue University International High Performance Buildings Conference 2021 (results in part from 
UTD 1.18.H).   

 
► Yang, Cheng-Min, Nawaz, Kashif, Asher, William, Fricke, Brian, Buyadgie, Olexiy, Buyadgie, Dmytro, and 

Chudnovsky, Yaroslav, “Thermodynamic Analysis of Thermo-vacuum Clothes Drying Operation,” Purdue 
University International Refrigeration and Air Conditioning Conference 2021 (results in part from UTD 
2.17.C).   

 
► Glanville, Paul, Mahderekal, Isaac, Bingham, Luke, Keinath, Chris, “Demonstrating an Integrated Thermal 

Heat Pump System for Hot Water and Air-Conditioning at Full Service Restaurants,” ASHRAE Technical  
Paper VC-21-C043, ASHRAE Transactions (Winter 2021 Meeting), Volume 127, Part 1, pp. 363-370  
© ASHRAE (results in part from UTD 1.16.I). 

 
► Fridyland, Alex, Baez Guada, Alejandro, Kingston, Tim, and Glanville, Paul, “Modeling Modern, Residential, 

Combined Space and Water Heating Systems Using EnergyPlus,” ASHRAE Technical Paper VC-21-C016, 
ASHRAE Transactions (Winter 2021 Meeting), Volume 127, Part 1, pp. 135-142 © ASHRAE (results in part 
from UTD 1.16.H).  

 
► Glanville, Paul, “Innovative Applications of Thermal Heat Pumps in Multifamily Buildings and Restaurants,” 

American Council for an Energy-Efficient Economy Hot Water Forum, July 29, 2020 (results in part from UTD 
1.16.I). 

 
► Bonetti, Erin, “Methane Emissions from Tankless Water Heaters,”  American Council for an Energy-Efficient 

Economy Hot Water Forum, July 22, 2020 (results in part from UTD 1.18.F). 
 
► Fridyland, Alex, “Reduced Order Models of Tankless Water Heaters and Combis,” American Council for an 

Energy-Efficient Economy Hot Water Forum, July 22, 2020 (results in part from UTD 1.16.H). 
 
► Technical Summary of CEC PIR-16-001 “Demonstration and Assessment of Natural Gas Heat Pumps for 

Integrated Water Heating and Air-Conditioning in Restaurants” (results in part from UTD 1.16.I).   
 
► Technical Summary of CEC PIR-16-003 “Demonstration and Assessment of Residential Gas Heat Pump  

Water Heater in the Los Angeles Basin” (results in part from UTD 1.11.H).   
 
 
Other final research reports are publicly available from the U.S. Department of Energy, California Energy  
Commission, Minnesota Conservation Applied Research and Development, and other governmental agencies 
which provided prime research funding and for which UTD provided cost share co-funding. 
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Next-Generation Residential Gas 
Heat-Pump Water Heater 

RESIDENTIAL  AND  LIGHT  COMMERCIAL,  INCLUDING  mCHP 
PROJECT NO. 1.11.H 

SUMMARY REPORT 
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Project Description 

The industry’s first residential gas heat-pump water heater 

(GHPWH) is near commercialization, with two OEM partners 

and a series of successful field trials advancing the design of 

each generation of prototypes.  

In partnership with other research funding agencies, UTD co-

funded a team of researchers to develop the residential/small-

commercial GHPWH and continue to reduce projected prod-

uct costs and improve reliability by refining a number of sys-

tem components.  

The initial GHPWH development initiative was funded by the 

U.S. Department of Energy (DOE). This UTD project effort 

has been a steady development led by Stone Mountain Tech-

nologies, Inc. (SMTI) along with commercial OEM partners 

and Gas Technology Institute.  

The first-generation GHPWH units were designed and 

demonstrated through laboratory testing from 2011 to 2013. 

Subsequently, six GHPWH units were installed and monitored 

in the field. Through these initial field tests, critical information 

was used to improve the GHPWH control strategies and fu-

ture design improvements (including system sizing).  

The most recent phases of this UTD project focused on sup-

porting an additional five field demonstrations in a program 

sponsored by the California Energy Commission (CEC) with 

financial support from Southern California Gas Company 

(SoCalGas) in addition to UTD, and also investigating en-

hanced options for system diagnostics and grid interactivity. 

 

Benefits / Market Implications 

The motivation for developing a GHPWH is efficiency driven. 

When delivered to the market, the GHPWH will be the only 

technology and product of its kind with a primary energy effi-

ciency of greater than 100%. These efficiency gains are sig-

nificant, with project uniform efficiency factors (UEFs) of 1.20 

or greater, and consistent field results of 50% or greater ener-

gy savings over conventional water heaters, respectively.  

Results from this project have the potential to reduce the cost, 

increase the reliability, and more than double the efficiency of 

the next generation of gas heat-pump water heaters for 

homeowners and light commercial end users. 

A research team  designed and demonstrated the first residential gas-fired heat-pump 

storage  water heater. This project advanced this technology from laboratory prototype 
through multiple field demonstrations, including in California through 2020. It provides 
a uniform efficiency factor of ≥1.2, to offer homeowners ≥50% energy savings. 

Technical Concept & Approach 

The GHPWH units are driven by an air-source single-effect 

absorption heat pump, itself driven by a gas burner, capable 

of Coefficients of Performance (COP) of 1.4-1.9. This can 

yield a UEF of 1.20, more than twice the efficiency of stand-

ard gas storage water heaters, which are in 74% of California 

homes. 

Based upon a recent certification, the units are ultra-low-NOx 

compliant. The packaged GHPWH heats the 60 to 80 gallons 

of stored water with a nominal 10,000 Btu/hr output ammonia

--water absorption heat pump, driven by a small 6,300 Btu/hr 
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manufacturing partners to provide early feedback. Baseline 

monitoring was completed for the initial equipment at all five 

test sites. Data was collected, aggregated, and analyzed. 

The project team also finalized the all deliverables for the 

project prime project sponsor, CEC. 

Also in Phase 4, two fourth-generation GHPWH units were 

received from California, with one partially installed in a la-

boratory. Additional preparations were made to initiate 

standardized and non-standardized efficiency testing.  

In 2020, Phase 5 involved additional laboratory testing of the 

GHPWH to improve onboard diagnostics and to explore 

innovations to ease how condensate is handled. Subse-

quently, literature and evaluation of standard and advanced 

grid-interactive systems were reviewed.  

Phase 6 is now expanding grid-interactive capabilities and 

variable performance to further enhance customer’s comfort 

and operating flexibilities: 

1. Develop and demonstrate strategies to deploy the resi-

dential GHPWH as a distributed energy resource for 

residential grid-level shed and shift events, and 

2. Develop and explore methods to improve domestic hot 

water capacity with supplemental gas/electric boost 

capabilities. 

The CEC project results were summarized in a CEC-led 

public webinar on August 26, 2020. The project Final Report 

is being reviewed by CEC. Results were also published at 

the ASHRAE 2020 Winter Conference.  

 

Status 

Researchers are completing the Phase 6 test plans and 

have fabricated prototypes of the additional features being 

developed in Phase 6. OEM partners are evaluating the 

timing for commercial market entry.  

low-NOx gas burner. With such a small combustion system, 

the GHPWH offers retrofit installation advantages over other 

high-efficiency gas products. 

Through the broader project funded by the CEC and cofound-

ed by UTD and SoCalGas, the project team focused on the 

testing of GHPWH units and the development, use, and re-

finement of advanced fault detection and diagnosis. The goal 

was to demonstrate that the projected delivered efficiencies of 

130% or greater are valid, robust, and are not achieved 

through a loss of user comfort. Researchers estimated the 

annual energy, operating cost, and emissions savings and 

solicited feedback from host end users and installation con-

tractors through pre- and post-installation surveys.  

 

Results 

Following a laboratory development program, the first proto-

type gas heat-pump water heater was installed in a Tennessee 

residence and investigated over a 10-month period.  The labor-

atory-validated performance and preliminary field test data 

suggested that the 1.20 UEF target was feasible and the tech-

nology could be competitive with other available high-efficiency 

gas water-heating options.  

In 2015, project efforts focused on transitioning the purpose-

built prototype from field testing to reliability testing. Reliability 

testing was completed in 2016.  

A report on the initial phases of the project was issued in 

2017. In these phases, six GHPWH prototypes were subject-

ed to extended reliability testing. More than 2,500 operating 

hours were accumulated by these GHPWH units. Research-

ers also performed an analysis of how the GHPWH is impact-

ed by relevant codes and standards in the U.S., Canada, 

Mexico, and Europe. 

In 2017, seven new GHPWH units were built during Phase 4: 

five units for residential field demonstration; one for evaluation 

at SoCalGas’ Engineering Analysis Center; and one for propri-

etary testing by a manufacturing partner. 

In 2018, the project team monitored the performance of the 

five gas GHPWHs installed at the test sites, which continued 

through June 2019. Data continued to confirm that ~50% en-

ergy savings was achieved on a site-by-site basis and im-

proved as the ambient temperatures rise. Data analyses were 

performed on a weekly basis and shared with the candidate 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

“SoCalGas RD&D continues to be impressed with the capabilities of the 
UTD team. They helped identify test sites, coordinate with installation 
partners, and share the results with the public through a webinar.  
This type of partnership and research project is just one way SoCalGas 
is working to be the cleanest, safest, and most innovative energy  
company in America.” 

 
- Neil Navin 
  Vice President, Clean Energy Innovations 
  SoCalGas 
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Evaluation of Whole-House Residential 
Retrofit Technologies (Building America) 

Project Description 

Through this project, UTD provided financial support for the 

Partnership for Advanced Residential Retrofit (PARR), a U.S. 

Department of Energy (DOE) Building America team led by 

Gas Technology Institute (GTI). PARR focuses on retrofit 

issues in cold climates with high space-heating energy con-

sumption. Through the PARR team’s efforts in Building Amer-

ica, the DOE and UTD advanced knowledge and best practic-

es for intelligent use of gas appliances to reduce source-

energy consumption in existing homes. 

Phases 1-4 of this project provided cost share for PARR’s 

2010-2015 activities, while Phase 5 provided cost share for 

the 2015-2020 scope which focused on managing infiltration, 

ventilation, and duct system airflows to obtain the best indoor 

air quality with the lowest energy consumption. 

 
Benefits / Market Implications 

This project provided public information, data, analysis, and 

best practices to support natural gas technology assessment 

and installation best practices in existing residential buildings. 

Results of the most recent phase support the continued use 

of gas equipment and systems in retrofit situations as a part 

of an energy-efficiency package that does not adversely af-

fect indoor air quality, provided that proper ventilation sys-

tems are installed. 

 
Technical Concept & Approach 

Investigations were completed for several key areas of re-

search:  

• Optimizing gas furnace performance in the field 

• Testing the laboratory performance of furnaces 

• Improving the performance of multifamily buildings that use 

gas for steam and hydronic heat 

• Measuring the performance of combination heating and 

water-heating systems 

• Determining the optimum energy upgrade packages for 

typical midwestern single-family building types 

In a ten-year partnership with the U.S. Department of Energy, researchers  

conducted laboratory tests, field studies, and energy analyses to support the  
adoption of energy-efficient technologies to reduce energy use and costs in  
existing residential buildings.   

• Combustion safety for gas appliances using indoor or out-

door air for combustion, and  

• Low-cost methods for mitigating radon. 

For the 2015-2020 program, key research areas were:  

• A systems approach to air flow in houses (ventilation,  air 

tightness, ducted distribution systems, and combustion air 

requirements). This scope included the adoption of out-

door-temperature-based ventilation strategies, air tightness 

credits for ventilation, and the interaction between ducted 

air distribution systems and depressurization in the space. 

This research was a collaborative effort between GTI, the 

University of Illinois, and the Midwest Energy Efficiency 

Alliance. Standard and enhanced measures packages 

were evaluated, along with different ventilation approach-

es. 

• Continued support and advocacy through the Building 

America program for simplified combustion safety test pro-

cedures so that fewer homes are rejected by weatheriza-

tion teams. 

• Continued focus on approaches for determining zero net 

energy for mixed fuel house using solar photovoltaics as 

the renewable resource. 

Airflow data showed drastic improvements in uncontrolled air flow. 



• Improved Indoor Air Quality Through Whole-Home   

Retrofits 

This two-part study began with a comparison between 12 

homes with normal industry practice energy retrofits and 

12 with a suite of enhanced airflow-control measures to 

determine if there were any adverse effects on indoor air 

quality through improved retrofit measures. The data sup-

port the expectation that energy-efficiency retrofits installed 

with proper ventilation systems do not have a negative 

effect on indoor air quality in gas homes. CO2 and moisture 

decreased slightly post-retrofit. Formaldehyde levels were 

similar and very low both pre- and post-retrofit, likely be-

cause these were older homes without out-gassing from 

recently installed building materials. 

The project further analyzed ASHRAE 62.2-compliant venti-

lation systems to determine if different approaches had more 

appreciable effects on indoor air quality. The research of 

more than 30 homes found that between the two common 

ventilation system retrofits – supply-side ventilation systems 

and continuous-exhaust systems –  there was little significant 

impact on specific indoor air quality contaminants of concern. 

The results of UTD’s co-funding to DOE via project 1.11.M 

appear in numerous publications on DOE’s Building America 

website, and a summary is also available at https://

www.gti.energy/focus-areas/energy-efficiency/partnership-for

-advanced-residential-retrofit-parr/. 

 

Status 

This UTD project is nearly completed, and the Final Report 

for the final phase is being prepared.   

Results 

• Optimizing Gas Furnace Field Performance  

A study of 48 Iowa HVAC SAVE program evaluations 

showed that homes were losing 9% of potential perfor-

mance from their furnaces, usually due to restrictive returns 

and/or filters. In 10 homes that received more in-depth 

evaluation, diagnostic data showed that a 23% improve-

ment in delivered heating energy could be achieved 

through system tune-ups. 

• Laboratory Performance of Furnaces Removed from 

the Field 

Laboratory testing of 12 vintage furnaces removed from the 

field showed that there was no degradation in performance 

with time, and the efficiency of the furnaces in the field 

could be increased an average of 6% through tune-ups. 

• Multifamily Steam Distribution Systems  

A 10-building retrofit study showed 10% savings in natural 

gas use, with a five-year payback.  

• Combination Heating and Water-Heating Systems 

A two-year study of commercialized combination units in 

the field found up to 20% savings compared to separate 

space- and water-heating systems. 

• Energy Upgrade Packages for Midwestern Single-

Family Homes 

PARR analyzed cost-optimal energy packages from the 

Illinois Home Performance program with the ENERGY 

STAR program as compared to the packages selected by 

the Building Energy optimization tool for 15 single-family 

archetypes. 

• Combustion Safety for Gas Appliances Using Indoor or 

Outdoor Air for Combustion 

PARR developed a Combustion Safety Measure Guideline 

published by Building America and developed a simplified 

test procedure for appliances using indoor air. 

• Radon Mitigation Through Air Sealing 

PARR studied the impact of air sealing between first-floor 

and foundation space on the radon levels in the home. Re-

sults showed, in many cases, surprising links between hour-

ly measured radon and hourly outdoor temperature. Colder 

temperatures correlate strongly with lower radon levels. 

When windows are open, radon is reduced in vented crawl 

spaces, as expected, as well as in living spaces. 
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Airflow data generally showed that as homes were made tighter  
and intentionally ventilated, indoor air quality improved. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

- Message from homeowner sent February 2021.  

“Just wanted to comment on how comfortable my house is this winter. 
Even in the sub-zero temperatures, I’ve had the thermostat down all 
winter and haven’t had to touch it.”   

https://www.gti.energy/focus-areas/energy-efficiency/partnership-for-advanced-residential-retrofit-parr/
https://www.gti.energy/focus-areas/energy-efficiency/partnership-for-advanced-residential-retrofit-parr/
https://www.gti.energy/focus-areas/energy-efficiency/partnership-for-advanced-residential-retrofit-parr/
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Researchers developed and applied new models based on the laboratory and field  

performance of the Yanmar high-efficiency gas-engine-driven heat pump to provide  
a more accurate prediction of seasonal energy-savings performance for five different 
climate zones. 

formance or cost targets for continued development. The 

ultimate goal is to expand the use of high-efficiency GHPs by 

identifying regions and commercial applications where GHPs 

generate the most energy savings or economic benefits. 

 
Benefits / Market Implications 

Gas-engine-driven heat pumps offer consumers a high-

efficiency heating and cooling option for commercial build-

ings. Several of these products have a multi-zone VRF con-

figuration, an increasingly popular option in the small com-

mercial market.  

For the customer, a key value proposition for GHPs is lower 

operating costs due to reduced peak electric demand and 

low natural gas prices. GHPs significantly reduce peak elec-

tric use during periods of high demand, especially peak sum-

mer loads, as well as peak winter loads in regions with wide-

spread use of electric heating. GHP operating costs can be 

30% less than electric heat pumps. GHPs also offer potential 

savings in source energy and full-fuel-cycle greenhouse gas 

emissions. 

Another key advantage for GHPs is improved heating perfor-

mance at low ambient temperatures. Heat recovery from the 

engine jacket and exhaust is used to supplement heat out-

Project Description 

In 2016, Yanmar introduced a 14-ton gas heat pump (GHP) 

with a three-pipe heat-recovery variable refrigerant flow 

(VRF) configuration that provides simultaneous heating and 

cooling, an important new option for the GHP market. In ad-

dition to improving the response to building loads, a three-

pipe system has potential to reduce energy use by recover-

ing heat from zones in the cooling mode (e.g., internal loads) 

and redistributing it to meet heating loads in perimeter zones.  

In an early phase of this project, researchers developed pre-

liminary models based on field and laboratory data from the         

NextAire™15-ton unit. This study provided some valuable 

results highlighting the importance of part-load performance 

for VRF systems paired with dedicated outdoor air systems 

(DOAS). Measured performance of the NextAire GHP 

showed reduced efficiency at lower part loads, which ad-

versely impacted the total seasonal performance. Based on 

these preliminary models, part-load performance of both 

electric and gas VRF systems, particularly from 20%-40%, 

was the key indicator of overall system performance. 

In this project, researchers assisted gas end users by updat-

ing energy models based on new GHP technology and 

providing a more accurate estimate of seasonal performance 

in different climates. This study also assists in identifying the 

most cost-effective target markets for GHPs, as well as per-

Yanmar Gas Heat Pump units from UTD demonstration. 
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simulations. As expected, the DOAS system dominated the 

peak electric demand by accounting for more than 60% of 

the demand and was a lesser factor in the heating mode, 

accounting for 25% of the demand.  

The magnitude of savings varied by building type and loca-

tion, with greater savings being realized in colder climates. 

Much greater reduction in peak demand occurred in the 

stand-alone retail area due to the inherent building size and 

loads. The EVRF/DOAS system also reduced peak demand 

relative to the system, but to a lesser extent. Primary energy 

use was reduced from 6% to 41% for the small-office catego-

ry and from 34% to 84% for the stand-alone retail area.  

This study illustrates the importance of refining techniques to 

predict the performance of VRF heat pumps for all ambient 

conditions and part loads. These models incorporated both 

manufacturer data and field data; however, measured data 

was from a very limited number of field sites.  

The study also highlights the current limitations of modeling 

VRF performance using manufacturer performance data, as 

they inherently operate at part-loads below 50% when sized 

to meet the heating load in cold climates. However, manufac-

turer-specified performance data are frequently not specified 

below part-loads of 60%. The modeled performance curves 

were compared with measured performance data generated 

in field demonstrations. 

These preliminary models were used to predict seasonal 

performance and operating cost savings of GVRF systems 

paired with DOAS relative to electric VRF/DOAS systems 

and baseline variable-air-volume (VAV) systems. This com-

parison was done for two commercial DOE reference-

building types across five ASHRAE climate zones in North 

America. Results indicate that the GVRF/DOAS may reduce 

peak electric demand by 24%-96% in all simulated applica-

tions and lower annual energy costs. Due to high-efficiency 

heating and cooling, GVRF/DOAS also has potential to re-

duce greenhouse gas emissions compared to conventional 

VAV systems given the current electricity-generation mix. 

The results of these studies show the potential for VRF heat 

pumps, but also point to a need for additional measured field 

data for both EVRF and GVRF to build confidence in the 

predictions of the current VRF models. 

 

Status 

This project is complete and a Final Report was issued in 

December 2020. Results will also be presented in a 2022 

ASHRAE conference paper. 

put, increasing heat capacity at low temperatures, improving 

heating efficiency. This also allows GHPs to maintain supply 

temperatures on the coldest days. In contrast, electric heat 

pumps typically require inefficient resistance heating to sup-

plement heat output at low outdoor temperatures.  

 
Technical Concept & Approach 

Under Phase 3 of this project, researchers updated existing 

GHP models to incorporate performance data from the 

Yanmar GHP three-pipe VRF system. These models were 

used to predict energy savings, operating costs, and reduc-

tions in peak electric demand for various climates.  

The project team also used existing published models of 

EVRF configurations and calibrated these models based on 

measured field data to determine the relative energy savings 

and environmental benefit of GHPs compared to equivalent 

EVRF systems.  

Researchers: 

• Selected up to five locations in North America in different 

climate zones 

• Conducted hourly energy analysis for three equipment 

types (GHP, RTU, EVRF), two building archetypes, and up 

to five climate locations 

• Determined the seasonal energy use, specifically gas and 

electricity consumption, and peak electric demand 

• Determined the economic benefits of GHP as compared to 

EVRF systems 

• Analyzed the savings in operating costs and lifecycle costs, 

and 

• Compared source energy and full-fuel-cycle greenhouse 

gas emissions based on regional power-generation mix. 

 
Results  

A baseline U.S. Department of Energy (DOE) reference build-

ing model was developed for a multi-zone office building and 

a stand-alone retail building. Space conditioning loads and 

energy use were compared to measured field data for valida-

tion. An EnergyPlus™ GHP model was based on manufactur-

er performance data (Yanmar) and measured field data from 

UTD project 1.17.G.  

Existing EnergyPlus electric heat pump VRF models were 

revised based on manufacturer performance data for a cold-

climate electric VRF heat pump. These performance curves 

were adjusted and validated based on measured field data.  

Hourly energy simulations were conducted for the office and 

retail building in five different climates. A baseline model with 

a conventional system was used for comparison. Energy use 

was compared to a conventional system across a total of 15 

For more information: 
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Project Description 

The introduction of advanced equipment and technologies 

can be restricted by a variety of issues between the proto-

type stage and full market adoption. Codes and standards 

(C&S) issues can sometimes be hurdles to widespread 

adoption. Advanced technologies are often developed to 

address issues with existing alternatives; however, new tech-

nologies are evaluated using existing criteria which may mis-

represent performance, necessitate costly engineering re-

dundancies, and delay market introduction.  

The objective of this project is to present scientific data and 

help technical organizations make consensus-driven refine-

ments and updates codes and standards so that end users 

and the environment can benefit from efficient and cost-

effective advanced gas technologies.  

 
Benefits / Market Implications 

Information tools, cost-effectiveness calculations, case stud-

ies, technical data, and other products developed through 

this project will help consumers have more efficient gas tech-

nology and product options to benefit the environment and 

end users. The technical data and other tools developed 

through this and other UTD projects provide these commit-

tees with information for clear and informed standard-making 

decisions.  

 

Technical Concept & Approach 

By supporting technical committees and groups from leading 

organizations such as the U.S. Department of Energy (DOE), 

the American Society of Heating, Refrigerating, and Air-

Conditioning Engineers (ASHRAE), Natural Resources Can-

ada (NRCAN), the International Code Council (ICC), the 

American National Standards Institute (ANSI), and the Na-

tional Fire Protection Association (NFPA), the research team 

is helping advanced gas technologies be scientifically char-

acterized and evaluated. 

 

Results 

Consensus Standards Recently Published 

• ANSI/ASHRAE Standard 146-2020 Method of Test for 
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Through interactions with industry associations and code-development organizations, 

researchers are presenting scientific data to help these consensus-based groups refine 
and update codes and standards so that end users and the environment can benefit 
from efficient and cost-effective advanced gas technologies.  

Rating Pool Heaters new standard issued adding gas-fired 

heat-pump (GHP) pool heaters to the standard.  

• Standard SPC 146-2020 was published with updates in-

cluding definitions and provisions for fuel-fired heat-pump 

pool heaters, paving the way for rating GHP-based pool 

heaters. 

• ANSI/ASHRAE Standard 118.1 Method of Testing for Rat-

ing Commercial Gas, Electric, and Oil Service Water Heat-

ing Equipment.  

• ANSI/ASHRAE Standard 204P Method of Test for Rating 

Micro-Combined-Heat-and-Power Devices.   

Other Publications and Presentations (in coordination with 

other UTD project results) 

• ASHRAE conference paper on Integrated Gas Fired Heat 

Pump Water Heaters for Homes: Results of Field Demon-

strations and System Modeling. 

• ASHRAE conference paper addressing Modeling Modern, 

Residential, Combined Space and Water Heating Systems 

Using Energy Plus. 

• ASHRAE conference paper titled Right Sizing Electric Heat 

Pump and Auxiliary Heating for Residential Heating Sys-

tems Based on Actual Performance associated with Cli-

mate Zone. 

Codes and Standards for Advanced Gas Technologies 

RESIDENTIAL  AND  LIGHT  COMMERCIAL,  INCLUDING  mCHP 
PROJECT NO. 1.13.D 

SUMMARY REPORT 
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• SPC 227P Passive Building Design Standard 

• SPC 228 Standard Method of Evaluating Zero Energy 

Building Performance 

• SPC 124 Methods of Testing for Rating Combination 

Space-Heating and Water-Heating Appliances 

• SPC 146-2011R, Method of Test for Rating Pool Heat-

ers 

• SPC 204 Method of Test for Rating Micro-Combined-

Heat-and-Power Devices 

• SPC205 Standard Representation of Performance Simu-

lation Data for HVAC and Other Facility Equipment 

• SPC 228P, Standard Method of Evaluating Zero Energy 

Building Performance 

• SSPC 41 Standard Methods for Measurement 

• SSPC 41.13P Standard Methods for Fuel Heating Value 

Measurement 

• SSPC 188 Guideline 12 (Legionella). 

The project team supported technical discussions on these 

other committees: 

• NFPA 54 National Fuel Gas Code 

• ANSI/CSA Joint Technical Sub-Committee on Standards 

on Gas Air Conditioning Appliances 

• ANSI Task Force Z21.40.2/CGA 2.92 

• ANSI Task Force Z21.40.4/CGA 2.94 

• ASTM Committee E06 on Performance of Buildings 

• ASTM Subcommittee C16.30 on Thermal Measurement 

• ASTM C1784 Standard Test Method for Using a Heat 

Flow Meter Apparatus for Measuring Thermal Storage 

Properties of Phase Change Materials and Products. 

  

Status 

Members of the project team continue to interact with various 

C&S committees and prepare conference papers and 

presentations of value to end users, engineers, regulators, 

and the gas industry.  

• ASHRAE seminar on Fuel in a Renewable Future with a 

presentation addressing Renewable Natural Gas for GHG 

Emission Reduction in the Built Environment. 

• ASHRAE seminar on Current Products and Development in 

Absorption and Heat Operated Machines with a presenta-

tion on Gas Heat Pumps for Integrated Commercial Hot 

Water and Air Conditioning in Restaurants.  

Other Example Activities  

• Contributed to updates of the ASHRAE Fundamentals 

Handbook. 

• Assisted in development of ASHRAE research projects. 

The project team supported technical discussions on the fol-

lowing ASHRAE committees: 

• ASHRAE Residential Building Committee  

• STD 90.1-2019 Energy Standard for Buildings Except 

Low-Rise Residential Buildings 

• TC 1.2 Instruments and Measurements 

• TC 1.10 Combined Heat-and-Power Systems  

• TC 1.13 Optimization 

• TC 2.10 Resilience and Security 

• TC 4.1 Load Calculation Data and Procedures 

• TC 4.3 Ventilation Requirements and Infiltration 

• TC 4.7 Energy Calculations 

• TC 6.1 Hydronic & Steam Equipment and Systems 

• TC 6.3 Central Forced Air Heating and Cooling Systems 

• TC 6.6 Service Water Heating Systems 

• TC 6.10  Fuels and Combustion 

• TC 8.12 Desiccant Dehumidification Equipment and 

Components 

• TC 8.3 Absorption and Heat Operated Machines  

• TC 8.7 Variable Refrigerant Flow  

• SPC 40 MOT for Heat Operated Unitary Air-Conditioning 

and Heat-Pump Equipment 

• SPC 62.2 Ventilation and Acceptable Indoor Air Quality in 

Residential Buildings 

• SPC 105 Standard Methods of Determining, Expressing 

and Comparing Building Energy Performance and Green-

house Gas Emissions 

• SPC 118.2 Method of Testing for Rating Residential Wa-

ter Heaters 

For more information: 
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Technical Concept & Approach 

Key earlier project tasks included: 

• Multifamily Market Data Collection & Analysis  

Researchers used census data and other available re-

sources to obtain a 2015 snapshot of builder and develop-

er energy choices in the multifamily new construction mar-

ket by U.S. region and by building type. The assessment 

included, to the extent possible, gas and electric utility 

rates and incentives, the availability of gas service, market 

trends, and code differences.   

• Multifamily Market Preliminary Recommendations  

Researchers reviewed the analysis and developed prelimi-

nary recommendations for a path forward in each region.   

• Technology Solutions  

The project team reviewed the market data and up-to-date 

technical equipment and system information to recom-

mend advanced resource-saving technology solutions. 

• Multifamily Stakeholder Charrette 

The project team held three stakeholder charrettes in 2018 

in targeted geographical regions across North America that 

showed the greatest need or desire for multifamily devel-

opment support.  

Researchers are investigating the current challenges and opportunities for the  

natural gas industry to better serve multifamily new construction owners, architects, 
and builders with advanced, efficient technologies.  

Project Description 

There is a significant opportunity for natural gas to better 

serve the growing multifamily new construction market; how-

ever, there are also significant barriers, many of which have 

been the focus of  research in recent years.  

Starting in 2014, in Phase 1 of this project researchers inves-

tigated national trends regarding gas and electric multifamily 

market shares, the economics of energy services, building 

codes, and installation practices.  

In Phase 2, the project team provided regional multifamily 

market paths for advanced products that provide promising 

opportunities in this sector, a portfolio, and examples and 

discussion of successful utility initiatives.  

Phase 3 recommended implementation of opportunities for 

specific regions or utilities, including holding utility-sponsored 

design-planning sessions in the form of charrettes with 

stakeholders within the development, design, and building 

communities.  

The current Phase 4, which was initiated in 2020, focuses on 

developing detailed market transformation implementation 

tools and action plans to optimally connect new development 

decision-makers with financial, marketing, and technical re-

sources suitable for the multifamily new construction sector. 

Deliverables include sample case studies (customizable by 

UTD member utilities with utility logo and program details), a 

review of emerging gas technologies to better serve multi-

family buildings, and continuing education credit curriculum. 

 

Benefits / Market Implications 

Pilot studies on the multifamily market identified key econom-

ic issues, code barriers, and product gaps that require inves-

tigation and resolution. Addressing these issues, gaps, and 

barriers will enable more multifamily end ratepayers to bene-

fit from the lowest-cost energy option and improve energy 

efficiency.  

This project is highlighting and creating resources that im-

prove existing avenues of support for developers, utilities, 

and end-users to leverage natural gas as a fuel choice.  

Key demonstrations of these methods are being summarized 

in consumer-friendly case studies of successful multifamily 

developments. 



• Development of Supporting Utility Programs 

Researchers recommended utility program features and 

best practices that were observed to be successful. 

Current research will pursue: 

• Guidance for Design and Construction Professionals  

Leveraging the insights from Phase 3, researchers will cre-

ate tangible market guidance tools tailored for design and 

construction professionals that can be branded by UTD 

member utilities.  

• Case Study Development  

Three case studies will be developed to showcase success-

ful pathways to natural gas inclusion in multifamily develop-

ments. 

• Curriculum Development  

The project team will develop curriculum geared towards 

design professionals in a one-hour presentation format.  

• Multifamily Emerging Technologies Strategy and Needs 

Assessment  

Investigators will identify promising natural gas emerging 

technologies or innovation needs that can leverage the ben-

efits of using natural gas in the multifamily market.  

 
Results 

The project team held interviews with key national-level play-

ers active in the multifamily market, including representatives 

from industry associations and gas utilities. These discussions 

covered past activities each of these organizations have un-

dertaken within the multifamily market segment, current chal-

lenges, and key concerns of stakeholders. Project representa-

tives also held discussions with many U.S. utilities and per-

formed significant outreach to the building and development 

community to obtain their perspectives. 

Phase 1 research reported on key trends in the housing mar-

ket, the use of heating fuels, and the use of electricity. The 

rebounding of electricity as the majority space-heating fuel 

can be seen in both low-rise (2-4 units) and high-rise (5+ 

units) buildings, while the volume of gas-heated units shows 

either modest or no growth. However, this trend is not reflect-

ed in water heating, where gas still plays a strong role and 

has generally kept pace with electricity growth. 

In Phase 2, researchers identified the key economic and non-

economic factors presently driving the selection of energy 

sources as service in new construction multifamily buildings. 

U.S. southern states and Atlantic coastal states were identi-

fied as particular focus areas for project research.  

In 2018, specific UTD members participated in stakeholder 

charrettes (i.e., focus group sessions) with the goal of garner-

ing feedback and dialogue among participants such as real 

estate developers, architects, engineers, and others involved 

with multifamily projects. A Phase 3 Final Report was issued 

in January 2019. The report details recommendations to utili-

ties to address economic challenges, technology-based solu-

tions, and other opportunities for UTD members to enhance 

their service to multifamily stakeholders, architects, builders, 

and others.  

In 2020, dialogues continued with experts in the multifamily 

new construction market as the project moved into Phase 4 to 

create actionable tools for UTD members to better serve mul-

tifamily homeowners, architects, and builders. Researchers 

continued to identify concurrent research of import to com-

municate quantifiable true costs and benefits to key industry, 

regulatory, and construction-based stakeholders.  

As new changes affected the multifamily new construction 

sector, design documents, and practices in 2020 and 2021, 

the project team decided to include pathways and practices 

for safe indoor air quality with natural gas cooking in multi-

family buildings to include best-practice ventilation strategies. 

The evolving nature and timelines of emerging technology 

research allow the project to leverage new information on 

compact, ultrasonic, and individual sub-meters and safety 

venting were developed into single-flyer marketing material for 

segments of the target multifamily audience as well. 

Relevant low-rise multifamily construction final case study and 

development guidance are under way. 

 

Status 

The project team continues to recruit developers to showcase 

projects that leverage innovative and efficient gas technolo-

gies.  

Researchers continue to monitor the identified applicable fi-

nancial structures, as market dynamics shift in the near term.  
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“The Multifamily Infrastructure Challenges project has 
given us a comprehensive insight into customer  
concerns. We have used this insight to develop outlines 
and resources to help build a greater understanding of 
the benefits of natural gas in multifamily developments.” 

- April Arnold 
  Manager 
  ONE Gas, Inc. 
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combusted. As the bed is heated by the combustion 

products, the heat products, the heat is extracted from 

the bed by the embedded heat exchanger and is trans-

ferred to a working fluid circulating in the tubes. 

3. Dimpled or Twisted Tube Condenser. The use of 

dimpled or twisted tubes in the condenser allows for 

effective, rapid heat transfer with minimal use of materi-

als in a compact space. 

 
Results 

Phase 1 of this project began in 2014 with a preliminary cost 

analysis. Fitting the TPTS water-heater product within the 

spectrum of water heater efficiency, a TPTS would cost be-

tween $373 and $752. The analysis also investigated com-

ponent costs. 

The project team conducted parametric testing of the TPTS 

technology (1980’s prototype). Testing determined that the 

efficiency of the TPTS components were not optimal. The 

Project Description 

Industry experts often cite the need for cost-effective, mid-

efficiency, near-condensing gas water heaters. These may be 

especially needed for end users who have more limited re-

sources to apply very high efficiency but more expensive heat 

pumps or who may have installation-related challenges. 

In this project, researchers investigated Two-Phase Thermo-

Syphoning (TPTS) technology and ultra-low-power gas-water-

heater control technology in an effort to develop a prototype 

“unplugged” higher-efficiency, storage-type water heater. 

 
Benefits / Market Implications 

A TPTS water heater offers the potential for higher efficiency, 

scalability, rapid startup, long life, minimal standby heat loss, 

minimal scaling, self-power capability, and low emissions. 

The replacement market opportunity for self-powered high-

efficiency water heating is approximately 150,000 units per 

year in the U.S., representing a savings of eight million therms 

annually, or $6.4 million in avoided cost for gas customers 

while mitigating 52,000 tons of CO2. 

 
Technical Concept & Approach 

Similar to heat pipes, the TPTS technology is more like a pas-

sive, closed-loop, flash boiler. The TPTS technology was ini-

tially developed to augment solar thermal water-heating sys-

tems, and this remains an important application opportunity.  

The key is the integration of three technologies:  

1. TPTS Technology. A TPTS loop is evacuated and then 

partially charged with liquid water. Upon firing, a two-

phase (steam/water) flow accelerates from the evaporator 

up to the submerged condenser. Condensing steam 

transfers latent heat to the hot water and travels through 

the condenser coil towards a vertical restriction. This re-

striction builds up condensate, increasing pressure head 

for circulation.  

2. Surface Combustor-Heater Concept as Evaporator. 

The surface combustor-heater is a combustion heat 

transfer device that is based on the concept in which the 

relatively cold heat-exchange surface is embedded in a 

stationary bed (porous matrix) where gaseous fuel is 

Research in this project focused on developing an advanced technology to improve 

the efficiency of gas water heating for homeowner and light commercial building op-
erators, while retaining the low cost of conventional storage-type water heaters. 

Condenser with twisted or dimpled tubes. 

Embedded-tube water heater-evaporator bench-test setup. 



evaporator required a new design. The evaporator was under-

sized, used too much copper, and was subject to hot spots 

and burnout. The condenser also required redesign to reduce 

cost and improve performance at low-load conditions. After 

reviewing alternative paths and approaches for the TPTS con-

cept, the project team proposed a new evaporator design that 

used a permeable matrix surface combustor-heater with em-

bedded heat-exchanger tubes. The design was highly efficient 

and offered a significant breakthrough in cost reduction. An 

earlier proposed approach using thinner walled tubing offered 

a 30% savings in evaporator material cost. The new surface 

combustor-heater design offered a potential 80% savings in 

material costs.  

In Phase 2, the project team developed a Computational Fluid 

Dynamics model of the surface combustor with embedded 

tubes. This model was used to validate and optimize prototype 

system designs. Preliminary designs were developed for a 

TPTS evaporator with single- and multi-pass embedded tubes. 

An alternative approach separating the embedded tubes from 

the burner was also designed and evaluated. It offers potential 

advantages in component manufacturing and in-field servic-

ing. It also offers advantages in its design in that it is adjusta-

ble and allows for quick iterative testing to fully characterize 

the technology. A laboratory test setup was constructed to 

characterize the prototype evaporator.  

In 2020 in Phase 3 of the project, the TPTS evaporator was 

modified and fabricated for testing and evaluation. The modi-

fied evaporator was subsequently integrated with the surface 

combustor heater. Laboratory testing, optimization, and per-

formance evaluation of the modified evaporator in benchtop 

tests were conducted.  

Based on extensive modeling and computational analysis, a 

preliminary design was developed for a TPTS evaporator 

with multi-pass embedded tubes. 

Calculations showed that dimples on the surface of the con-

denser tubes can enhance heat transfer, reduce the length of 

copper tubes by 10-40%, thereby reducing the cost of the 

condenser. Tube manufacturers and suppliers confirmed that 

a dimple tube condenser could cost the same as a smooth 

tube condenser when mass produced.  

Testing of the evaporator design confirmed ultra-low NOx    

(~ 6-10 ppm) and CO (~ 0.5-6 ppm) emissions at low excess 

air (1.077-1.267) operation. The temperatures of exhaust 

gases leaving the metal foam matrix (exiting the evaporator 

heat exchanger) were only ~60°F higher than the tempera-

ture of the entering water or water-water vapor mixture, 

which is below the saturation temperature (130°-135°F) of 

the exhaust gases at cold water entering. This implies the 

TPTS water heater can operate as a condensing water 

heater.  

Evaporator efficiency was less than 90%. Reducing and mini-

mizing heat losses in the evaporator is one of the main ac-

tions required for any follow-on next phase of development.  

 

Status 

The bench-scale evaporator for the TPTS for self-powered 

water heaters was developed, designed, and tested in the 

laboratory. The modified evaporator was integrated with a 

new radiant burner and metal foam tubular heat exchanger. 

Experimental results were analyzed and are summarized 

above. A Phase 3 Final Report was issued in July 2021. 

Researchers recommend that a next phase of the project be 

considered to develop an alpha prototype of the TPTS water 

heater.  
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Next-Generation Advanced 
Residential Gas Clothes Dryer 

Project Description 

In this project, researchers are investigating next-generation 

technologies – including heat recovery, indirect firing, direct 

venting, and advanced burners – to determine potential effi-

ciency boosts for residential dryers. All of these techniques 

and technologies have been shown to increase efficiencies 

in other areas, but scaling them to a residential dryer size, 

determining the additional cost to the dryer, and quantifying 

the efficiency increases will help dryer manufacturers deter-

mine the best path to further advance gas-fired dryers while 

minimizing cost increase.  

UTD’s guiding Technical Project Committee indicated that 

there is also an interest in reducing drying times if possible. 

This is a benefit of gas dryers for end users – the potential to 

increase firing rates to reduce drying times. Modulation may 

allow a high firing rate in the early stages and a low firing 

rate later to both reduce drying time and save energy.  

The goal is to find a technology to achieve a 5%-15% boost 

over standard efficiency gas dryers. Project deliverables in-

clude an early-stage prototype incorporating the most prom-

ising technologies and reports detailing the performance 

improvement provided by all of the technology options inves-

tigated.  

The current Phase 3 focuses on combining the best technolo-

gies and optimizing their operation in a prototype dryer.  

 
Benefits / Market Implications 

Gas-fired dryers have not had many technological advances 

in recent years and there is potential to enhance the technol-

ogy. With about 81% of U.S. households having a clothes 

dryer, the potential improvements in the design of gas dryers 

represent sizable savings to residential ratepayers.  

Although electric clothes dryers represent the majority of U.S. 

residential dryers, a 2011 study by others indicates that it is 

not consumer preference for electricity that is the driving 

force. Although 60% of survey respondents were currently 

using electricity for clothes drying, only 34% stated that they 

actually preferred electricity. In contrast, 40% of respondents 

stated they currently used gas for clothes drying and 53% 

said they would prefer to use gas. These results indicate that 

the cause for gas dryer’s minority market share is not due to 

the inherent characteristics of gas as a fuel, but is driven by 

other factors such as cost, availability, and other regional 

factors. 

Researchers are investigating next-generation technologies so that a residential  
gas dryer can economically provide gas consumers with faster drying times, while 
achieving 5%-15% higher efficiency than standard drying technologies.  

Left: Dryer testing. Right: Dryer cavity.  

Next-Generation Advanced 
Residential Gas Clothes Dryer 
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In Phase 2, researchers investigated additional heat-

recovery options, modulation techniques, indirect-fired meth-

ods, direct venting, and alternate burners.  

Researchers set up a new dryer in the test stand in the envi-

ronmental test chamber. The project team also set up a new 

washer test stand to provide clothes with the needed temper-

ature and remaining moisture content for dryer testing.  

In 2019, the research team developed a slightly modified test 

procedure to provide repeatable results that will allow com-

parison to technology improvements on a common basis. 

After this modified procedure was adapted, baseline testing 

was completed. Researchers also investigated the effect of 

firing rate on the dry time and efficiency. 

It was noticed from previous dryer research that results of 

dryer efficiency testing according to the U.S. Department of 

Energy test procedure can vary based on a few factors. The 

current standard requires allowing the automatic moisture 

sensor to automatically stop the load. An issue is that the 

moisture sensor can create significant variability in the test 

results based on when it determines the load is dry. In many 

instances, the load is fully dry, but the dryer keeps running 

before the moisture sensor eventually shuts it off. Research-

ers need good repeatability to compare the baseline testing 

of a standard dryer to each technology that is being tested to 

improve efficiency.  

The project team was able to achieve good repeatability by 

creating a slightly modified test procedure that measured flue 

RH and determined when the clothes were dry based on the 

flue RH.  

Testing at four firing rates showed around a 2% boost con-

sistently with lower firing rates. The dryer was insulated and 

sealed to test potential boost from better sealing and allow 

for implementing heat recovery. After several variations, 

technicians were able to achieve a 5%-6% increase in effi-

ciency with insulation and sealing as well as a 6% reduction 

in drying time. The insulation and sealing also allowed re-

searchers to implement an innovative heat-recovery design. 

In 2020, project progress was slowed due to COVID-related 

impacts.  

 

Status 

Phase 3 testing is under way. 

Technical Concept & Approach 

The project team is investigating high-efficiency dryer technol-

ogy options including, but not limited to, heat recovery, modu-

lating burners, indirect firing, direct venting, and advanced 

burners. Researchers are also investigating the potential for 

technologies to reduce drying times.  

The effect of each technology modification is being tested 

using standard methods to determine the performance im-

provement (efficiency, drying time, etc.) in comparison to the 

baseline unmodified model. The most promising technologies 

will be incorporated into an early prototype for demonstration. 

Researchers will take the best performing technologies from 

Phase 2 and combine them into a prototype dryer in Phase 3. 

The prototype will be modified and optimized to get the best 

performance of the technologies working together. The proto-

type will be tested to determine the performance improvement 

of the technologies (efficiency, drying time, cloth temperature, 

etc.). 

 
Results 

Phase 1 of this project focused in part on assembling a test 

station in an environmental chamber to maintain temperature 

and humidity to ensure accurate testing. It had become appar-

ent during previous UTD dryer research that room tempera-

ture and humidity have a very large effect on the dryer effi-

ciency rating. Although the test standard allows for 40%-60% 

relative humidity (RH) during the test, a dryer will be much 

more efficient at 40% RH than at 60% RH. With that in mind, 

researchers decided that it was necessary to arrange the test 

in an environmental chamber.  

Technicians then completed the first modifications to the dry-

er. The unit was fully instrumented to allow for testing different 

design changes, including changes to primary aeration and air

-to-fuel ratio, followed by potential heat-recovery options. De-

signs to recover heat from the flue were implemented and 

show promise for improved efficiency in testing. Overall, the 

heat recovery appears promising while providing a small cost 

added to the dryer.  

Researchers attempted many different configurations for seal-

ing the dryer to maintain stable combustion, and investigated 

simple heat-recovery options with many different alterations. 

In the end, it was determined that a novel heat-recovery set-

up, along with a newly configured and sealed dryer combus-

tion chamber, showed the most promise, with a 4% boost to 

the dryer efficiency while adding very little cost to the dryer.  

For the study, a total of 42 temperature sensors, five gas sam-

ple points, a gas meter, and electric power meter were fitted 

to the dryer.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Gas-Fired High-Efficiency Liquid Desiccant  
Air Conditioning and Humidity Control 

Project Description 

The goal of this project is to develop a gas-fired liquid-

desiccant dedicated outdoor air system (LDDOAS) that ad-

dresses many of the critical issues now facing owners and 

operators of commercial HVAC systems.  

The LDDOAS is designed to significantly reduce primary 

energy consumption, on-peak electrical demand, and water 

use for air conditioning in commercial buildings. The system 

can deeply dry a building’s ventilation air without inefficient 

overcooling or reheating, which will enable advanced HVAC 

solutions (e.g., chilled beams, displacement ventilation, and 

other approaches) to essentially eliminate fan power for re-

circulating air within buildings.  

In this project, a research team is partnering with a manufac-

turer to compare the current state-of-the-art LDDOAS tech-

nology to other advanced systems, including a concept in-

volving a sub-atmospherically-regenerated LDDOAS system 

with internal water recovery and reuse capabilities.  

The current Phase 2 involves demonstrating this novel tech-

nology in a laboratory to determine its potential value to end 

users. In Phase 2, the project team will design and experi-

mentally evaluate a breadboard LDDOAS test rig rated at 

approximately 100 CFM capacity using a novel non-corrosive, 

non-toxic desiccant.  

Researchers partnered with the New York State Energy Re-

search and Development Authority (NYSERDA), a chemical 

manufacturer, and two HVAC industry partners in Phase 2. 

 

Benefits / Market Implications 

New cooling designs that integrate desiccant drying and indi-

rect evaporative cooling in compact cost-effective configura-

tions have the potential to provide residential and commercial 

market end users with new high-efficiency product choices.  

For a summer design day, the LDDOAS’ primary energy Co-

efficient of Performance (COP) is 18% higher than the con-

ventional alternative. This advantage is projected to increase 

to 30% when averaged over a cooling season. The effective 

COP for the LDDOAS is estimated to be 2.77 (where the 

LDDOAS is credited with energy savings for the advanced 

HVAC systems that it enables). The LDDOAS can eliminate 

water use for air conditioning in the more humid eastern U.S. 

The burden that air conditioning now imposes on electric grids 

can be eased as peak loads drop by approximately 75%, from 

about 1.01 kW/ton-hour to 0.26 kW/ton-hour of cooling.  

 
Technical Concept & Approach 

Desiccant-based dehumidification and air-conditioning sys-

tems can employ an open drying cycle wherein a humid gas 

(generally, air) comes into contact with a desiccant and is 

dried. The dried air continues to subsequent processes (e.g., 

sensible cooling), and the desiccant is regenerated by a ther-

mal input. The desiccant loading and regenerating is per-

formed in a cycle, allowing for continuous dehumidification. 

The two major system types are liquid and solid desiccants. 

While solid desiccants have a larger established market pres-

ence, the liquid-based systems have gained interest in appli-

cations for active dehumidification, enhanced evaporative 

cooling, and indoor air quality. These liquid desiccant sys-

tems, also known as open absorption systems, have had  

A research team is partnering with a chemical manufacturer, two HVAC manufacturers, 
and others to develop and demonstrate a very-high-efficiency gas-fired liquid-desiccant-
based air-conditioning and humidity-control system that uses a novel, non-corrosive, 
non-toxic desiccant. 

Laboratory test rig. 



Liquid desiccant distribution tests in the single tower were 

completed. 

Researchers characterized the desiccant distribution in the 

tower by varying nozzle configurations for distributing the 

liquid at the top of the tower to identify the optimal nozzle to 

use and determine whether tower-wall effects were present.  

Progress was made on continuous regeneration tests, 

demonstrating regeneration efficiency as high as 70% while 

regenerating the desiccant to an appropriate strength. Batch 

conditioning tests were also conducted. Improvements to the 

experiment are being made to better measure humidity at the 

inlet and the outlet of the sorption tower.  

In 2021, rigorous testing of dew point sensors concluded that 

the energy imbalance was not due to instrument accuracy. 

One theory that emerged regarding the cause of the energy 

imbalance was the insufficient mixing of water vapor in the 

air at the exit of the tower. To ensure proper mixing of the air 

as it exits the tower, a reducer was constructed for the top of 

the tower to increase velocity and turbulence of the flow. 

Testing of the modified tower commenced and confirmed 

insufficient mixing was causing the energy imbalance.  

 

Status 

With test procedures sufficiently established, researchers are 

completing the continuous regeneration and batch condition-

ing tests.  

Next steps are to initiate benchtop tests of the desiccant wet-

ability of different material surfaces and construct the second 

tower for integrated system tests. 

limited market presence due primarily to the inefficiency of 

current regenerating components and difficulties in handling 

the caustic strong salt desiccant solutions.  

Successful completion of Phase 2 is expected to lead into 

follow-on construction and field trials of alpha LDDOAS proto-

types. The specific objective of Phase 2 is to prove the 

LDDOAS’ system operation in the laboratory and determine 

its value to potential end users. In Phase 2, the project team 

will design and experimentally evaluate a breadboard 

LDDOAS test rig rated at approximately 100 CFM capacity 

(approximately 1/10th scale for small RTUs) using the novel 

non-corrosive, non-toxic desiccant initially evaluated and 

characterized in Phase 1.  

 
Results 

In Phase 1 of this project an experimental gas-fired liquid-

desiccant air-conditioning (LDAC) system was constructed. A 

fluid was demonstrated to operate as a desiccant over a 

range of process air dew points (for space conditioning) and 

could be regenerated at low temperatures (<200°F). The ab-

sorption/regeneration tower operated as designed (~0.5-2 lb/

hr moisture movement at 50 cfm).  

During regeneration, with heated liquid and cool regeneration 

air, 50% of the enthalpy rise in the air was latent. This result 

was within the expected order of magnitude.  

In Phase 2, the project team initiated upgrades to a one-tower 

test rig. The single-tower apparatus was fully instrumented to 

measure temperatures, pressures, and flow across the tower 

to allow completion of the initial test plan. Single-tower experi-

ments were initiated. 

The preconditioning system for simulating outdoor air temper-

ature and humidity levels was completed and tested. 

A refractometer was acquired and an empirical calibration 

curve was successfully developed for the desiccant concen-

tration based on its refractive index. 
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For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Planned upgrade of one-tower to two-tower test rig.  
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• Developing mathematical models and performance maps 

for condensing furnaces, gas absorption heat pumps, and 

combined space- and water-heating technologies  

• Performing a technical and economic potential analysis on 

the above systems for the U.S. national single-family hous-

ing market, and  

• Disseminating the results through peer-reviewed journal 

publications and direct updates to EnergyPlus.  

In Phase 1 of this project, researchers leveraged technology-

performance data for furnaces and gas absorption heat 

pumps collected as part of other projects to develop custom 

modules in EnergyPlus, and then used them to estimate ener-

gy savings potentials.  

In Phase 2, the project team focused on a more expansive 

market analysis and further functional refinements for com-

bined space- and water-heating systems based on tankless 

water heaters. 

The current Phase 3 builds on the successes of Phases 1 and 

2 by making those results publicly available through updates 

to EnergyPlus that are supported by peer-reviewed publica-

tions. Phase 3 has also expanded beyond the original technol-

ogies to look at novel approaches for controlling gas dedicat-

ed outdoor air systems.  

Project Description 

EnergyPlus
™ 

is a whole-building energy-simulation program 

developed with support from the U.S. Department of Energy 

(DOE) that engineers, facility managers, researchers, and 

others use to model energy consumption for heating, cool-

ing, ventilation, lighting, and plug-and-process loads as well 

as water use in buildings. However, the limited capability of 

EnergyPlus to simulate advanced residential gas heating 

systems makes it difficult to accurately compare advanced 

systems with other HVAC options. 

Data indicate that current models in EnergyPlus are inade-

quate for estimating the dynamic efficiency of condensing 

furnaces, gas absorption heat pumps (GAHP), and combi-

nation systems using tankless water heaters. Having no 

module in EnergyPlus to estimate the performance (or, even 

worse, to do it incorrectly) significantly limits choices for us-

ers to consider advanced, energy efficient systems during 

initial screenings of HVAC options. This project helps to 

address these limitations in EnergyPlus and helps to provide 

decision makers with accurate and reliable simulation tools 

for advanced residential heating systems, to enable equita-

ble comparison with competing technologies and to advance 

the integration of gas and renewable energy.  

Specific tasks included:  

In this project, researchers developed models of advanced gas space-heating 

equipment and combination systems in an EnergyPlus simulation engine to  
expand choices by architects, engineers, facility managers, and others to evaluate 
these advanced, energy-efficient technologies.  

Advanced heating systems modeled in EnergyPlus, including furnaces (left), gas heat pumps (center), and tankless combination units (right).  



pump water heater) with a condensing furnace and a premi-

um water heater as the baseline. It was demonstrated that the 

lower-capacity GAHP combination systems were competitive 

with electric heat pump and electric heat-pump/water-heater 

alternatives in the milder climates of Seattle and Portland, 

with respect to source energy savings and operating cost 

savings ($100-$200 per year). The GAHP combination sys-

tem was the only option offering energy and operating cost 

savings in the colder climates of Spokane and Helena. With 

further reductions in the electricity consumption of the GAHP, 

even better all-around savings for the GAHP are possible.  

Major accomplishments of Phase 2 included: 1) development 

of a whole new mathematical framework for simulating tank-

less-based combination units; 2) refinement of the GAHP 

combination model; and 3) public dissemination of the results 

through conference presentations and journal articles pre-

pared for 2020-2021. The major conclusion was that the 

GAHP is the best and most cost-effective option right now 

(and for the foreseeable future) for reducing CO2-equivalent 

emissions in the majority of locations around the U.S.  

Phase 3 was initiated in July 2020. The project team began 

coordinating with DOE’s National Renewable Energy Labora-

tory to implement a tankless water heater model in Ener-

gyPlus based on Phase 2 results. Discussions are under way 

to expand development activities into other systems, including 

combination systems and gas heat pumps. Using results of 

Phase 1 and Phase 2, reduced order models are also being 

developed for easy estimation of GAHP energy savings.  

In 2021, the project team began monitoring new ZNE build-

ings in California that utilize advanced combination systems. 

The data, once collected, will be used to further validate the 

models from Phase 2.  

 
Status  

Researchers continue to collaborate with EnergyPlus devel-

opers on gas tankless combination model development as 

well as new model extensions for air-to-water gas heat 

pumps. The new model is being evaluated as to whether it 

can be expanded and generalized to cover thermally-driven 

heat pumps as well.  

Reduced order model development continues as new data 

becomes available. The current plan is to build simple predic-

tor models based on all simulations and data collection. 

ZNE building monitoring continues in California.  
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Benefits / Market Implications 

Through this project, researchers developed EnergyPlus  

built-in models for advanced furnaces, gas heat pumps, and 

combination systems to allow general users to adjust the 

parameters (e.g., system size, performance curves, or design 

features). It is anticipated that the simulation results using 

these models will be used to estimate annual energy savings 

for each type of system, which can support gas utilities to 

provide further incentives in energy-efficiency programs. 

The tools developed as part of this project will enable deci-

sion makers to objectively evaluate the technical and eco-

nomic potential of novel gas heating systems across North 

America.  

As an example, the simulation tools developed as part of 

Phases 1 and 2 of this project were used to extrapolate lim-

ited laboratory and field data and demonstrate how GAHP 

combination systems can reduce greenhouse gas emissions 

when compared to the best alternative gas and electric op-

tions. 

 
Technical Concept & Approach 

Specific tasks for Phase 3 include: 

• Residential Gas Heating Tools Dissemination and Mixed-

Fuel ZNE (Zero Net Energy) Home Modeling and Valida-

tion  

• Reduced Order Model Development  

• Expanded Application of Gas DOAS (Dedicated Outdoor 

Air System) Techno-economic Analysis, and  

• Electric-Focused ZNE Mixed-Fuel Home Energy Monitor-

ing and Model Validation. 

 
Results  

To achieve the project objectives, current limitations of the 

furnace and heat pump models were reviewed and new ap-

proaches for modeling was developed, taking advantage of 

part-load performance data collected on five condensing fur-

naces from a single manufacturer and prototype GAHP units.  

In Phase 1, researchers leveraged extensive data collected 

in a Virtual Test Home to validate the EnergyPlus models. 

Using simulations of modern homes in mild and cold cli-

mates, the approach helped demonstrate how a modulating 

furnace can consistently save 10% on the natural gas con-

sumption annually compared to single- and multi-stage fur-

naces, and an additional 2% if it is right-sized for the home.  

In the new construction analysis, the GAHP combination sys-

tem was compared to an electric heat pump with three differ-

ent water-heater alternatives (gas, electric, and electric heat 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Benefits / Market Implications 

The motivation in developing a GHPWH is efficiency driven. 

When delivered to the market, the GHPWH will be a cost-

effective technology with a primary energy efficiency of great-

er than 100%. The efficiency gains are substantial –  with En-

ergy Factors of 1.5 or greater (88% to 140% greater than con-

densing and non-condensing water heaters, respectively).  

Continued regulatory pressure and incentives for high-

efficiency water heating will likely help this new gas-fired prod-

uct be an attractive new option for end users.  

 
Technical Concept & Approach 

This effort is developing a commercial water-heating applica-

tion of a gas heat pump technology and performing field 

Project Description 

Historically, a key advantage to end users of gas water heat-

ing over electric water heating in the U.S. was operating cost 

savings. With a typical restaurant consuming 30 times the 

hot water of an average single-family home, the operating 

cost savings of natural-gas versus electric-resistance heat-

ing is readily understood by business owners and property 

management companies. New gas-fired heat pump water 

heaters (GHPWHs) would provide commercial customers 

the option of even higher efficiencies and lower emissions 

on a source energy basis, while providing superior cold-

weather performance and resilient hot-water delivery fueled 

by the highly-reliable underground gas distribution system. 

This project is developing a commercial GHPWH and as-

sessing performance in field evaluations.  

This project is developing and demonstrating an economical, high-efficiency  

gas heat pump to serve commercial water-heating applications and end users.  
Researchers are leveraging recent residential gas heat technology developments, 
optimizing controls and components, and coordinating field trials in Illinois and 
California. Energy savings of >50% have been demonstrated.  

Prototype residential GHPWH prototype at Evanston, IL, site. 



Monitoring and analysis at the restaurant commercial GHPWH 

sites in California was completed in 2020, with decommission-

ing of the units into mid-2020.  

The multifamily site in Illinois continues to operate. During the 

onset of the 2020-21 heating season, the project team pre-

pared a servicing plan with 

enhanced COVID-related pro-

cedures in mind.  

During the interim period be-

tween heating seasons and 

post-decommissioning for the 

restaurant sites, the project 

team held numerous project 

update webinars with project 

partners, additional sponsors, 

and industry groups.  

 
Status 

Results from the California installation are summarized in a 

four-page White Paper and in the CEC Final Report. Results 

were also virtually presented to the ASHRAE 2021 Virtual 

Winter Conference. An additional presentation of project re-

sults is scheduled to occur at the ASHRAE 2022 Winter Con-

ference.  

The project team is completing final reporting and preparing 

the Illinois site for transition to a new, extension project. In 

Phase 3 of this project, researcher will expand the duration 

and impact of the field demonstrations currently under way at 

a multifamily residence in Evanston, IL, and at two restaurant 

sites in Los Angeles.  
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evaluations. Research activities are being coordinated with a 

related research project which received prime funding from the 

California Energy Commission (CEC). 

Specific tasks are:  

• Development of a System 

Design Model 

The project team developed 

a sizing and system design 

tool that will consider peak/

average load patterns, instal-

lation cost, North American 

regional climate, local utility 

costs, and other factors.  

• Design of Commercial-

Grade GHPWH Controls 

The team developed and tested modifications to the gas 

heat pump controls to better facilitate operation as part of a 

commercial GHPWH system.  

 
Results 

In 2019, three commercial GHPWH systems were commis-

sioned, at a 6-unit multifamily building in Illinois and two full 

service restaurants in California. The unit in Illinois operated 

for 1,724 hours over the 2019-20 heating season while the two 

units in California operated for a combined 9,016 hours from 

March 2019 to March 2020. Data collection for both sites over 

the intended operational period is complete. 

The preliminary findings indicate that the GHP units generally 

performed in-line with prior laboratory testing, with respect to 

COP, gas as a function of modulation, ambient temperature, 

and return water temperature. The units often saw exception-

ally long runtimes (up to two weeks of continuous operation). 

The California sites showed 52%-53% therm savings per site, 

with the final savings assessment complete.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

“The Gas Heat Pump Water Heater is a win for  
the consumer, the utility, and the planet. This new 
technology is super-efficient (above 130 percent), 
and reduces everyone’s impact on the environment. 
Developing technologies like this will enable us  
to raise the bar on energy efficiency in the  
marketplace.” 

- Mark Szczygiel 
  Supervisor, Emerging Technology, Market Transformation 
  Energy Efficiency 
  Nicor Gas 
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In Phase 1 of this project, researchers completed a numerical 

analysis of a volumetric permeable matrix burner design. Test-

ing with flat-plate metal foams of varying porosity, density, and 

metals was conducted to develop baseline characteristic data 

on metal foams for both volumetric and flat-plate burner de-

signs. For benchtop testing, the project team designed and 

fabricated a single-burner design.  

In Phase 2, the project team tested and characterized at least 

three higher-density (15% to 20%) metal foams (coated and 

uncoated) with or without a reverberatory screen for use in  

flat-plate and volumetric burner designs. The project team 

also fabricated and installed the burner in a commercial water-

heater simulator, analyzed results, and refined the burner de-

sign for water-heater integration.  

 
Benefits / Market Implications 

The goal of this project was to provide lower-cost, high-

efficiency condensing technology for water heating by devel-

oping an advanced burner with:  

Project Description 

In this project, researchers evaluated the use of a permea-

ble metal foam burner to provide superior performance in 

next-generation water heaters that operate with firing at low 

excess air, ultra-low emissions, increased heat transfer, and 

at a lower cost than the current commercially-available pow-

er burners. Called the SuperPerm burner, the patent-

pending burner is the result of research conducted in collab-

oration with the Institute of Chemical Physics of the Russian 

Academy of Sciences in Moscow.  

The objective of this project was to develop and test the 

ceramic-coated metal foam burner design at commercial 

scale for application in a commercial water heater (down-

fired firetube heat exchanger) in both un-humidified and 

humidified combustion-air conditions. 

The burner  achieves surface stabilized combustion on a 

high-conductivity metallic permeable matrix coated with a 

low-conductivity ceramic material that increases the temper-

ature of the matrix surface and therefore radiant flux at the 

surface of the material (i.e., increased thermal radiation 

efficiency by more than 20%).  

Efforts in this project focus on validating a novel, efficient, compact, low-cost low-

emission ceramic-coated foam metal matrix burner design for next-generation  
water heaters.  



mixture flow as well as surface combustion, and had non-

uniform porosity. More research and development and man-

ufacturer quality control is necessary by product manufac-

turers to ensure consistent product specifications for com-

bustion applications. 

• Testing of coated and uncoated metal foam burners validat-

ed that the ceramic coating on the metal foam improves 

combustion by moving the flame closer to the burner sur-

face and completing combustion on the burner surface, re-

sulting in decreased NOx and CO emissions.  

• A search for a lower-cost, higher-quality, and more resilient 

material identified a pressed wire material used in oil field 

filtering systems as a candidate burner material. Preliminary 

testing of a two-layer pressed wire matrix burner with and 

without a reverberatory screen determined low NOx (~ 7 – 

11 ppm) and CO (~ 5 – 20 ppm) emissions at 15% excess 

air (3% O2, dry basis) over a wide range of power densities. 

• The use of a reverberatory screen provided an added bene-

fit in NOx and CO emissions reduction and increased radia-

tion.  

 
Status 

This project is complete. A Phase 2 Final Report was released 

in July 2021. The overall approach shows promise despite 

current material limitations, and the project team recommends 

continuing pressed-wire burner research to test and validate 

ceramic coatings and to initiate development of lower-cost, 

high-efficiency, ultra-low-emission atmospheric and powered 

radiant burners. 

• 20%-30% increased radiant heat transfer  

• Increased thermal efficiency (excess air ratio α=1.1)  

• Potential ultra-low NOx (< 3vppm) at low excess air, and  

• Potential ultra-low CO (< 5vppm) at low excess air.  

 
Technical Concept & Approach 

The approach for this project was to first characterize and 

optimize key operating principles of the radiant burner at 

bench scale and to confirm earlier experimental results. Key 

design features (e.g., mix distribution pattern, reverberatory 

screen geometry, and burner density) were optimized at 

bench scale. A custom built burner design was used to ac-

commodate the larger metal matrix burners of varying thick-

nesses.  

A metal, water-cooled calorimeter measured the total heat 

flux given off of the burner and simulated the cold wall of a 

water heater. A dedicated emission-sampling probe, a radia-

tion flux meter, and an infrared imaging camera were used to 

characterize the surface variation in emissions, radiant heat 

flux, and temperature.  

Based on the lessons learned and optimal design configura-

tion achieved for the bench-scale burner, a volumetric burner 

was built and tested.  

 

Results 

In Phase 1, research confirmed that the SuperPerm technol-

ogy performed very well, with stable combustion and low 

pollutant emissions (NOx and CO) over a wide range of the 

burner power density. Metal foam performance varies widely 

from manufacturer to manufacturer in materials properties 

(porosity, relative density) and geometry. 

A flat plate benchtop burner design was developed and re-

searchers explored the performance limitations of various 

metal foams for surface combustion. Investigators validated 

the use of reverberatory screens to stabilize surface combus-

tion at higher power densities and to lower pollutant emis-

sions. Researchers also validated methods to reduce or elim-

inate the risk of auto ignition and flashback in SuperPerm 

burners operating at high air-preheat temperatures up to 

1,562°F    (850°C). 

In Phase 2, the project team completed characterization of 

the SuperPerm technology by validating an operational range 

from 17 to 65 W/cm
2
, ultra-low-NOx emissions, and superior 

performance of coated metal foam over uncoated metal 

foam. 

Other Findings:  

• Commercially-available metal foam products were not well-

developed. Samples purchased were not uniform in air-fuel 

- 24 - 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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flow are in close proximity to each other. Components such as 

the spark ignitor, a gas valve, a flue damper, and energy har-

vest and storage circuitry may have additional application in 

the development of a self-powered tankless water heater.  

The initial objective for this project was to validate that a Ther-

moelectric Generator Heat Exchanger (TEG-HX) device can 

generate enough electric energy to power a tankless natural 

gas water heater.  

Now in Phase 3, efforts are under way to incorporate a novel 

new heat-pump configuration with a TEG-HX design to prove 

the concept of a self-powered natural-gas-driven tankless 

(instantaneous) water heater with ultra-low emissions (<5 ppm 

NOx) and with excess power capability.  

 

Benefits / Market Implications 

A self-powered tankless water heater would preserve one of 

the key benefits that traditional gas storage water heaters 

offer to its customers – hot water availability during a power 

outage. 

Project Description 

Many consumers are embracing tankless gas-fired water 

heaters for their high efficiency and compact size, including 

significant adoption in Europe. According to Persistence 

Marketing Research, tankless water heaters sales will grow 

at an annual rate of 5.3% from 2016 to 2024.  

Currently, all gas tankless water heaters require a connec-

tion to an electrical supply to maintain operation. Unlike gas 

storage water heaters, tankless heaters do not hold reserve 

hot water that can be used during a power outage. However, 

advances in thermoelectric generators (TEG), low-power 

components, energy harvesting, and energy storage may 

make it possible to develop an unpowered gas-fired tankless 

water heater for the residential market.  

In previous efforts, researchers evaluated the potential for 

thermoelectric concepts for water-heater integration. All of 

the concepts used a water-cooled TEG device for gas-to-

liquid thermoelectric power generation. While difficult to im-

plement in a gas storage water-heater design, the water-

cooled TEG concept may be ideal to implement in a tankless 

water heater where electronics, heat exchangers, and water 

Researchers are developing a self-powered, gas-fired tankless water heater to save rate-

payers money and energy while enhancing resiliency. 

Tested TEG-HX and radiant burner. 



- 26 - 

A TEG-HX-based condensing system would provide an ena-

bling platform for higher efficiency self-powered gas applianc-

es and serve end users with greenhouse-gas emissions re-

ductions while still delivering hot water needed in disasters.  

A successful TEG-HX component can also improve the effi-

ciency of traditional storage water heaters by eliminating the 

energy consumed by the standing pilot light. At 400 Btu/hr, 

the water heater pilot light in a non-powered gas storage wa-

ter heater consumes 35 therms per year, or 16% of the total 

energy consumption of a typical gas water heater.  

The novel self-powered tankless water heater offers an identi-

fied energy savings potential of 20.9% over typical new natu-

ral-gas-driven water heaters and 73.2% over typical new elec-

tric water heaters when compared on a source-energy basis – 

which translates into a total of 0.4 quads savings in primary 

energy and a reduction of 20 Mt of CO2 emissions per year in 

2030.  

 
Technical Concept & Approach 

The key to developing a self-powered tankless water heater is 

to generate enough energy to power a combustion air blower 

while harvesting and storing additional power for start-up op-

erations.  

The project began with a Phase 1 effort that characterized 

through technical evaluation both the power requirements and 

operational constraints of a tankless water heater. Capabili-

ties were demonstrated through numerical and analytical 

models.  Phase 2 validated this capability through technical 

analysis and benchtop testing. 

The current Phase 3 builds upon the knowledge and technol-

ogy developed in prior phases to develop the critical compo-

nents and prove the concept that a TEG-HX could power a 

condensing tankless water heater. 

 
Results 

The project team analyzed and tested various TEG heat ex-

changer designs in Phase 1 of the project and selected the 

most promising and most efficient design, which was simple 

flat plates without fins. Researchers were able to achieve 

more than 25 watts from a single TEG, which cost $30, and 

using the new radiant burner. This showed that more than 10 

TEGs can be easily installed in the water heater and provide 

an excess power of 200 watts, more than is needed to power 

the water heater.  

In the first year of Phase 3, researchers designed and tested a 

thermoelectric generator heat exchanger with a new radiant 

burner. Based on the results of experiments and analytical 

predictions, it was proven that it is possible to achieve an ultra-

high efficiency of the tankless water heater.  

In 2020, the TEG-HX was designed and optimized to improve 

performance and reduce the cost to harvest power for self-

powered tankless water heater operation and produce excess 

power. A techno-economic analysis was completed, with input 

from leading manufacturers of TEG devices. 

In 2021, an advanced radiant burner in combination with a 

primary heat exchanger of the water heater was selected for 

testing. A plan for laboratory testing of a complete working 

prototype was developed.  

 

Status 

The project team continues to develop and optimize the ther-

moelectric system design during Phase 3. Critical tankless 

water heater components designs are being made to optimize 

performance, minimize power consumption, and provide ultra-

low emissions. Components include: TEG-HX, advanced burn-

er, primary and secondary heat exchangers, and energy stor-

age. 

The next phase of the project will be to focus on the develop-

ment, manufacturing, and testing of an alpha prototype. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

TEG device to improve performance and reduce costs. 

“Our organization supports the development  
of self-powered natural gas appliances.  
The technology is something needed in the 
market today.” 

- Chris Latch 
  Gas & Water Manager 
  City of Corinth Gas & Water Department 
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• Reduce to practice a provisional U.S. patent application for 

a Hydronic Heating Hub (H3) controller for combination 

space- and water-heating systems, and 

• Design/build an alpha prototype that utilizes the H3 con-

troller either built into the AHU (or as a hub between an 

AHU and water heater) to automate otherwise-necessary 

field-engineered methods for maximizing combi efficiency 

and delivered comfort. 

To accommodate these goals, researchers designed and 

built an advanced combi AHU with a programmable control 

board constructed with off-the-shelf parts. The AHU was 

outfitted with a micro-processor and minimal control compo-

nents such a relays to switch fan speed and temperature 

sensors. The micro-processor was programmed with novel 

control logic that will maximize the performance of hybrid 

combis given dynamic outdoor air-temperature input and 

simple design capacity metrics, basic heat-pump perfor-

mance, and coil performance. A chilled water coil was used 

as the hot water heating coil because it has appropriate coil 

capacity to induce condensing tankless operation. The sys-

Project Description 

UTD has a long history of supporting the analysis, evaluation, 

and development of combined space- and water-heating 

systems (“combi” systems) for residential applications. The 

greatest challenge with combi systems is the proper integra-

tion and control of forced-air distribution, most commonly via 

an air-handler unit (AHU) and a separate water heater. For 

combis that use traditional condensing water heaters, induc-

ing condensing operation while delivering adequate space 

heating comfort from the AHU can be especially difficult. 

Heat pump water heaters have a similar problem. 

In Phase 1 of this project, researchers performed targeted 

experimental testing and simulation, and outlined best prac-

tices for gas heat pump (GHP)-based combi system design.  

Phase 2 involves the development of a smart hybrid combi 

controller that infers the properties of a heat pump and/or 

water heater and hydronic air handler, and then optimizes the 

system performance for efficiency and comfort.   

Goals for Phase 2 are to: 

Through this project, a research team is developing best practices for end users to 

utilize gas heat pumps  in order to maximize economy and efficiency and a smart 
combination space/water-heating controller to optimize system performance for 
efficiency and comfort.  

Laboratory testing. 
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-tem automatically controls water flow and air flow, and 

switches between gas tankless water heating and electric 

heat-pump heating to maximize heating efficiencies across 

heating to maximize heating efficiencies across the spectrum 

of ambient conditions. Some important considerations for 

GHP-based versus conventional gas water-heater/boiler-

based combi systems are:  

• “Higher mass” system: In a way, GHPs have more in 

common with high-mass boilers than tankless water heaters 

and low-mass boilers commonly used in conventional combi 

systems. Particularly for thermally-driven GHP systems, 

bringing the GHP up to temperature and starting the “heat 

pumping” process can take several minutes and the system 

controls must account for this.  

• Low turndown ratio: Similarly, GHPs are typically limited 

to dual-stage or even 4:1 turndown, unlike the 20:1 turn-

down common for tankless water heater-based convention-

al combi systems. As a result, and to meet the refrigerant-to

-DHW heating ANSI “double wall” requirement, an indirect 

storage tank is required for the majority of GHP-based com-

bi systems.   

• Influence of operating conditions: Since a heat pump is 

typically installed outdoors, the operating efficiency and 

capacity are influenced by ambient and heating loop tem-

peratures. This influences the use of setback curves and 

hardware sizing.  

• Using split media: In some cases, GHPs are more akin to 

an electric heat pump, as a direct-expansion system. Space 

heating and DHW are provided by separate media 

(refrigerant/water-glycol, respectively) and considerations 

for combi system best practices are affected accordingly.  

• Engineered systems: When the above operating charac-

teristics are taken into account, it is possible that a unique 

engineered system (tank, coil, GHP) may be required as is 

used with “all-in-one” multi-function electric heat pumps.  

 
Benefits / Market Implications 

GHP technologies can offer 30% or greater savings to rate-

payers over condensing gas heating products and, with year-

round operation as a combi system, the financial payback can 

be as low as three years. Other benefits include a simplified 

installation, ratepayer energy savings, and carbon savings 

associated with the direct use of natural gas year-round as 

well as potential integration of solar thermal energy.  

 
Technical Concept & Approach 

• Best Practices for GHP-Based Combi System Design  

This effort involved a review of literature on combi systems 

and GHP equipment, and development of a database of 

laboratory and field combi system performance data to es-

tablish a baseline for: typical and extreme space/DHW heat-

ing loads; the dynamics of conventional combi systems; and 

opportunities to refine component design (coil, storage tank, 

etc.).  

• Design and Testing of “Smart” GHP-ready Combi    

Controller  

To enable a lower-cost, non-engineered system approach to 

GHP-based combi systems, researchers are developing and 

proving the concept of a “smart” GHP-ready combi controller 

or Hydronic Heating Hub. The controller uses onboard sen-

sors to infer properties of the major components (GHP, 

ASHP, tankless water heater, AHU coil) and optimize perfor-

mance while allowing for setback controls, safety monitor-

ing, and user-defined operating modes (high efficiency, high 

output, etc.). The combi controller will be tested with a sim-

ple simulation tool.  

 
Results 

Testing involved a tankless water heater and a standard air 

handler. Researchers investigated the potential “hacking” of 

this testing unit to 1) read and respond to the internal flow 

sensors, 2) read/write to the thermostat setting, and 3) read 

and respond to internal temperature measurements. Results 

indicate that read/write of the temperature setting is feasible; 

however, best achieved with external actuation of the inputs.  

The project team completed the design and assembly of the 

Hydronic Heating Hub. This involved the completion of custom 

parts and assembly and installation in the laboratory, including 

integration with a tankless water heater and hydronic air han-

dler. Researchers finalized and executed an experimental test 

plan and a learning framework for the controller. 

The project team developed an alpha-prototype combi con-

troller that implements control features for achieving 90%+ 

gas efficiencies down to 5% part-loads and 100%+ hybrid 

efficiencies in an integrated energy systems approach.   

In 2020, the project team developed controls concepts and a 

prototype design for the integrated systems configuration.  

A test setup was completed in the laboratory. 

 

Status 

In 2021, researchers finalized shakedown of the laboratory 

test rig and completed the test plan to validate the  

controller’s learning framework. Additionally, researchers se-

cured a provisional patent and are pursuing a patent for the 

technology. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Benefits / Market Implications 

The technology developer estimates that lifetime fuel savings 

of a GVHP over a condensing furnace can be as high as 

$9,760, with the potential for cooling-season cost savings as 

well. Using a benign working fluid (helium) with cost-effective 

design to accommodate higher working pressures (~1,450 

psia), the GVHP may offer a premium gas heat-pump prod-

uct with compelling emission and cost savings for gas rate-

payers.  

 
Technical Concept & Approach 

Phase 1 efforts focused on moving towards simulated-use 

testing of an alpha version of the GVHP prototype, sized for 

light commercial/large residential applications. Combustion 

system prototyping and full-system testing were conducted to 

enable direct comparisons to: conventional gas-heating 

equipment; combined space/water-heating systems; conven-

tional and advanced electric HVAC technologies; and more 

mature competing gas heat-pump technologies. 

Project Description 

This project supports the development of a gas-fired heat 

pump based on the Vuilleumier cycle – a closed-loop system 

similar in nature to the Stirling cycle – that uses a working 

fluid (helium) driven across several heat exchangers that 

interact with the environment. The working fluid flow is driven 

through two linked displacers located in opposing cylindrical 

ends known as the “hot end” (where heat input to the cycle 

occurs) and the “cold end” (where heat removal from the 

environment occurs). Competitive with an absorption-cycle 

heat pump, the gas-fired Vuilleumier-cycle heat pump  

(GVHP) shows potential for a greater coefficient of perfor-

mance (COP). 

The objective for this project is to support the development of 

the GVHP, which, when commercialized, would represent a 

step-change in efficiency over the current gas heat pumps 

that operate with vapor-absorption and vapor-compression 

(engine-driven) cycles, with a cooling COP of greater than 

1.0 and a heating COP of greater than 2.0.  

This project is supporting the development of an innovative gas-fired Vuilleumier-type 

heat pump to substantially increase efficiency over current gas heat pumps that operate 
using vapor-absorption and vapor-compression (engine-driven) cycles. 

Laboratory testing. 
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The project team helped update the design of key components 

from prior R&D programs for incorporation within the alpha 

GVHP (e.g., fuel/air mixer). Components were fabricated and 

bench-tested individually within an existing simulator.  

In the current Phase 2, researchers are optimizing the design 

and experimentally testing the performance of the combustion 

system and the entire hot-end assembly design. In addition, an 

entire pre-production prototype will be laboratory tested using 

standard rating procedures. This information will be used to 

assess the energy efficiency and technical potential of the 

system.  

 
Results 

In Phase 1, the project team:  

• Identified air-fuel preheat limits for a recuperator that would 

help the GVHP reach its performance targets 

• Defined design guidelines for air-fuel mixing strategies for 

the GVHP  

• Engaged with five burner manufacturers to find a compatible 

burner for the operating regime  

• Validated hot-end heat-exchanger design  

• Demonstrated overall hot-end efficiency consistent with 

initial design estimates, and 

• Identified subsystems that needed redesign to reach target 

performance levels. 

Current Phase 2 efforts include: 

• Providing technical support to redesign and further optimize 

the combustion system and novel combustion controls 

• A codes and standards review to help with field certification 

of initial prototypes, and 

• Testing of subcomponents and the full system. 

In preparation for whole-system testing, a comprehensive test 

plan for the system was prepared and the test apparatus was 

constructed. Researchers completed a detailed instrumenta-

tion and analysis plan for the hot-end of the system. Multiple 

prototype units using the previous version of the combustion 

system (Phase 1 of this project) have been field certified and 

have accumulated hundreds of hours of testing. In July 2021 

the technology developer ThermoLift, Inc., announced addi-

tional field tests in coordination with a major North American 

gas utility. 

 
Status 

The project team will soon receive the latest version pre-

commercial prototype for additional testing and technical sup-

port. 

Initial air-preheating test setup with example burners.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

- Christopher A. Cavanagh 
  Principal Program Manager - Future of Heat 
  National Grid 

“The TC3 – a thermal compression climate  
control heat pump developed by ThermoLift, Inc., 
with support from Gas Technology Institute’s  
combustion expertise – represents a new class of 
ultra-low carbon heating and cooling appliances. 
ThermoLift has created a new category of  
heating and cooling appliances. A single unit 
(heating, cooling, and hot water across a wide 
temperature range) that supports the goals of  
deep de-carbonization through the highly-efficient 
direct use of energy. This new category of gas  
heat pump paves the way to use 100% renewable 
energy sources, including renewable natural gas 
derived from waste and green hydrogen derived 

from renewable power.”   
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systems were the only options for simultaneous heating and 

cooling.  

GHPs have a significant share of Japanese and European 

space-conditioning markets, but are relatively new to the U.S. 

market. The Yanmar product line includes two-pipe VRF sys-

tems from 8 to 14 tons in addition to the 14-ton three-pipe 

unit. 

As an emerging technology, GHPs face economic and market 

barriers, including high installed costs which can be offset by 

savings in operating costs. The need for additional engine 

maintenance and limited service networks are other potential 

barriers for this technology. Engine emissions pose another 

barrier for some markets. While natural gas is a very clean-

burning fuel for engines, the primary environmental concern 

is NOx emissions.  

For this project, researchers expanded on previous develop-

ments with GHPs in laboratory and field demonstrations to 

evaluate the field performance and economics of the Yanmar 

three-pipe GHP. 

 
Benefits / Market Implications 

Low gas rates and energy-resiliency concerns are key drivers 

for the adoption of GHPs to reduce operating costs in areas 

with high electric rates and demand charges or vulnerable to 

electrical outages. These operating-cost reductions include 

not only energy costs but also water costs associated with 

electric chiller, which can be significant in hot, dry regions 

such as the southwestern U.S.  

Peak electrical demand has been growing in the commercial 

sector, mainly due to the high cooling requirements of com-

mercial buildings. GHPs offer a cost-effective and environ-

mentally-friendly option to reduce peak electricity demand.  

 
Technical Concept & Approach 

Specific tasks included:  

• Site selection and development of a field test plan 

• Site monitoring and data analysis, and  

• Optional laboratory testing. 

Project Description 

Natural gas engine driven heat pumps (GHPs) provide high-

efficiency heating and cooling while significantly reducing 

peak electric demand and electricity use, to save energy and 

reduce life-cycle costs when compared to electric heat 

pumps or conventional HVAC equipment.  

In 2016, Yanmar America Corp. Energy Systems introduced 

a 14-ton GHP with a three-pipe heat-recovery variable refrig-

erant flow (VRF) system, the first GHP in the U.S. market 

with the capability to provide simultaneous heating and cool-

ing. This option improves the response to building loads by 

recovering heat from zones in cooling mode (e.g., internal 

loads) and redistributing it to meet heating loads in perimeter 

zones.  

This technology provides a unique energy-efficient option, 

and opens up new markets where in the past electric-driven 

Researchers evaluated the field performance and economics of the Yanmar three- 
pipe gas heat pump (GHP), the first to provide simultaneous heating and cooling.  
The ultimate goal is to expand the application of these high-efficiency GHPs by  
commercial building owners and operators.  

The Yanmar three-pipe GHP provides simultaneous heating and cooling.  
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Results 

For the demonstration, the project team selected the Law-

renceville Public Works (LPW) facility in the service territory 

of the Municipal Gas Authority of Georgia (MGAG). In 2016, 

the MGAG launched a GHP incentive program to support 

market transformation for GHPs. Six GHP systems provide 

zoned heating and cooling for the Lawrenceville facility. A 

tempering energy recovery ventilator provides ventilation to 

each zone during occupied hours and conditions outside air 

to space neutral conditions. The conditioned outside air is 

distributed directly to each zone through separate ductwork 

with fixed dampers.  

One of the six GHP VRF systems at LPW was selected to be 

studied in the demonstration. The GHP outdoor unit and cor-

responding fan coils were instrumented to monitor energy use 

and performance. The GHP system was monitored from No-

vember 2018 to October 2019 to evaluate its performance 

across the full range of ambient conditions and equipment 

operation.  

Due to the field site’s warm climate, the GHP operated in 

cooling mode for the majority of time, with limited runtime in 

heating mode. Simultaneous heating/cooling operation oc-

curred only during mild temperatures. Based on this field site, 

the GHP had lower annual energy costs and reduced peak 

electric demand compared to equivalent all-electric VRF sys-

tems or conventional multi-zone roof top units (RTUs). 

Part-Load Operation: 

The GHP system was over-sized for this installation. While 

this is common practice for sizing HVAC equipment, the re-

sulting low part-load operation impacted both heating and 

cooling performance. The GHP achieved rated efficiencies up 

to and exceeding 1.3 COPg during extended steady-state 

runtimes; however, overall GHP efficiency was reduced dur-

ing low part-load operation. Measured seasonal efficiency 

was 1.18 COPg heating and 0.95 COPg cooling, excluding 

simultaneous operation. Throughout the demonstration peri-

od, the GHP operated at very low part loads, ranging be-

tween 15% and 30% during heating or cooling. During simul-

taneous operation, the net load on the GHP outdoor unit (i.e., 

the difference between the heating and cooling delivered) 

ranged from 5%-20% part load. 

Simultaneous Operation: 

Simultaneous heating/cooling operation is an important fea-

ture of three-pipe VRF systems that improves comfort but can 

adversely impact overall efficiency due to cycling losses and 

low part-load operation. These results suggest that two-pipe 

VRF systems may in some cases be more cost effective than 

three-pipe systems. Fan coil placement and set points may 

also impact performance in simultaneous operation. Careful 

commissioning is needed to eliminate cycling or false loading 

of adjacent fan coils. 

Economic Assessment: 

The GHP had lower annual energy costs compared to          

an equivalent multi-zone RTU or an all-electric VRF system. 

Savings in energy costs were driven by reductions in peak 

electric-demand and associated demand charges. Despite 

reduced performance due to over-sizing, the field-site GHP 

had lower life-cycle costs compared to an all-electric VRF with 

a simple payback of eight years based on regional energy 

prices. With current incentives ($700/ton), GHPs would have 

an immediate payback compared to electric three-pipe VRF 

with more than $14K life-cycle cost savings over the 15-year 

life of the equipment. 

 

Status 

An interim Final Report for this field demonstration was issued 

in 2020. A two-page case study of the Yanmar three-pipe 

GHP field study was also developed and is publically availa-

ble. 

For the remaining tasks, the project team investigated alterna-

tive approaches to obtain Yanmar GHP performance data as 

travel and access to facilities was limited due to COVID-19 

restrictions. The project team is reviewing an existing Yanmar 

GHP two-pipe VRF installation at an Alabama school as a 

potential field site. This system includes several cassette-style 

indoor fan coils which are more efficient than ducted fan coils, 

but challenging to accurately measure air flow and supply tem-

perature needed to calculate energy delivered and overall 

efficiency.  

The project team will determine if onboard diagnostic sensors 

can be used to estimate the total heating and cooling output 

for the Yanmar GHP system. This new approach would pro-

vide a simple way to measure energy output for cassette-style 

indoor fan coils while reducing monitoring costs for VRF sys-

tems. 

“The Municipal Gas Authority of Georgia is excited to 
see one of its members, the City of Lawrenceville, 
participate in testing the Yanmar system, which we 
think will help solidify market acceptance of GHPs.  
Low natural-gas prices have created a tremendous 
market opportunity for GHP technology. Through our 
Emerging Technology Rebate Program, many of our 
member natural gas systems are currently supplying 
natural gas for GHP installations.”     

- Rodney Dill 
  Director, Member Services & Communications  
  Municipal Gas Authority of Georgia 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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• NOx emission of <5 ppm and CO emissions of <20 ppm cor-

rected to 3% O2, and 

• Achieve turndown of 10:1. 

  
Benefits / Market Implications 

Forty-four percent of the 225,000 commercial water heater 

units sold annually in the U.S. are gas driven, with associated 

positive impacts on source-energy efficiency. Similarly, data 

shows that 42% of commercial buildings heat water with natu-

ral gas. Low-cost, low-emission, compact commercial gas-

driven burners could further reduce source-energy use. 

The technology to be advanced in this project can substantially 

reduce energy consumption in commercial buildings. Of the 40 

quads used by U.S. buildings, 9% are used by the water heat-

ers. An average 3% improvement in efficiency will lead to at 

least 0.12 quads of annual energy savings.  

Project Description 

Current commercial water-heater burner designs are not 

able to achieve all the technology targets of ultra-low emis-

sions, high efficiency, good turndown, and reduced first 

costs and payback periods. They also often have retrofit-

ability limitations and are not scalable.  

In Phase 1 of this project, researchers successfully devel-

oped and tested a 3D-printed burner by integrating ad-

vanced nozzle prototypes with the blower, controls, and fuel 

inlet of a commercial water heater.  

The goal of the current Phase 2 effort is to develop and test 

a beta prototype version of this robust, smooth- and safe-

operating advanced retention nozzle in a commercial water 

heater (~200,000 Btu/hr capacity), offering improved effi-

ciency, turndown, emissions, stability, and compactness. 

Key performance goals include: 

• Improve efficiency by 2%-4% for the same emissions 

Researchers are developing and demonstrating an advanced 3D-printed economical 

nozzle burner for commercial water heaters with high efficiency, ultra-low emissions, 
good turndown, superior stability, and compactness. 

Advanced nozzle burner in laboratory test stand prior to testing in commercial water heater. 
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Other benefits of the advanced, patent-pending nozzle burner 

technology are expected to be: 

• Scalable to multiple designs and capacities 

 

• Significant reduction in NOx emissions >75%, turndown of 

10:1 with CO emissions of <20 ppm 

• Simple and robust, with potential lower first costs 

• Installer- and manufacturer-focused 

• Reduced weight and size of the water heater, hence lower 

cost and easier installation in tight locations 

• Improved manufacturing ease and significantly reduced 

time to market  

• Reduced noise (hence, more comfort), and 

• Capable of integrating smart controls for smart-building 

applications. 

 

Technical Concept & Approach 

In Phase 2, the project team will design and fabricate proto-

types of a nozzle burner. This design will consider the key 

features to be adapted for the prototype (e.g., flame stability 

within the water heater and smooth ignition). Two to three 

design iterations will be fabricated by Oak Ridge National La-

boratory.  

After designing the prototypes, researchers will install the 

burner in a commercial water heater. The dimensions will be 

matched to have a drop-in design to replace the current burn-

er. In addition, the design of the igniter may have to be modi-

fied to have smooth ignition.  

The team will perform multiple ignition tests to ensure that the 

burner ignites reliably and smoothly at variable firing rates. 

This will determine the reliability and repeatability of the igni-

tion process, even though the water heater usually operates at 

a constant firing rate. This will provide greater confidence in 

the ignition process.  

After successful ignition testing, performance testing will be 

conducted. This will help determine the operability and turn-

down characteristics of the advanced nozzle burner. The test-

ing will be performed for different firing rates and different air-

fuel ratios to evaluate the emissions and efficiency character-

istics. The firing rate will be varied to ensure operability and 

oxygen concentrations will be varied for evaluating emissions 

and efficiency performance.  

 

Results 

Researchers designed, developed, and tested a 3D-printed 

advanced nozzle burner on a benchtop setup with the controls 

and blowers of a commercial water heater. Multiple design 

iterations were manufactured to improve operating character-

istics and combustion performance and adapt the burner into 

the water heater for long-term steady and robust operation. 

Benchscale testing showed the burner can be adapted to a 

commercial water heater and is able to provide ultra-low emis-

sions of <5 ppm NOx and <20 ppm CO at 3% O2 and turn-

down of at least 8:1.  

The novel burner was further developed to provide a “drop-in” 

retrofitable design for in-field and new water-heater installa-

tions. Design changes were made to the nozzle diameter and 

the number of nozzles were customized and designed to 

match the water heater chamber. Multiple design iterations of 

the advanced nozzle burner were 3D printed. 

In 2021, the project team reviewed different integration meth-

ods for the burner within the water heater.  

 

Status 

A Phase 1 Final Report was issued in November 2020, and 

Phase 2 efforts are continuing. In addition, researchers are in 

discussions with major water heater manufacturers regarding 

this technology development.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Commercial water heater laboratory test rig.  
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cost effectiveness over an eight-month period. Results will be 

compared to the existing baseline equipment and extrapolate 

findings to other building types and loading patterns. Since 

recognizing the energy savings from the CCTWH and the re-

sulting economics will be heavily influenced by installed condi-

tions and building type, the project team will also develop a 

sizing and assessment tool for CCTWHs when applied to mul-

tifamily housing, hospitality, and schools or universities. 

UTD’s partner and co-funder in this project is the State of Min-

nesota Center for Energy and Environment (CEE), which is 

providing prime funding supported by UTD’s co-funding. 

 

Benefits / Market Implications 

CCTWHs have several advantages over other high-efficiency 

gas technologies as they build on a mature, high-volume tech-

nology which has achieved cost effectiveness in the residential 

water-heating market. Specifically, “racked” CCTWHs can 

adapt product modules and components from the high-volume 

(~450,000/year) U.S. residential gas tankless market. Coupled 

with the competition amongst several large, mature manufac-

turers, this reduces the price of CCTWHs to yield competitive 

system paybacks. 

Manufacturers of CCTWHs claim energy savings of up to 40% 

over baseline equipment by eliminating large storage tanks 

and having high system turndown (achieved through modular 

Project Description 

Central condensing tankless water heaters (CCTWHs) were 

recently commercialized by several manufacturers as novel 

stand-alone packaged systems or as extensions of more 

prevalent residential tankless water-heating systems 

(“racking” systems).  

The field evaluation of CCTWHs in this project will develop 

important datasets concerning energy savings, system per-

formance, installation barriers, and end-user/contractor 

feedback. If successfully demonstrated, the team will devel-

op assessment tools, industry guidance, and recommended 

potential measures/incentives to support this emerging tech-

nology. 

As a replacement to conventional central hot water systems, 

CCTWHs yield energy savings primarily by two methods: 1) 

minimizing standby heat losses and 2) maximizing the 

“condensing” efficiency of the thermal engine. For multifami-

ly buildings, schools/universities, and hospitality, occupancy 

is highly variable with peaks in daily and monthly loading 

patterns. As a result, standby heat losses from the hot-water 

storage tanks and circulation loops can make up a large 

fraction of total energy consumption. CCTWHs largely elimi-

nate standby losses by removing storage. 

A well-known issue with recirculating boilers and, to a lesser 

extent, commercial water heaters is that the equipment rat-

ed for “condensing” efficiency (90% or greater) do not al-

ways operate in a condensing, high-efficiency mode. For a 

central water-heating system with storage (unless the sys-

tem is meeting a significant demand wherein the storage 

tank is partially or wholly cold and the return water to the 

boiler is below 120°F, the equipment rated for 90%), effi-

ciency will operate in a non-condensing mode (85% or less). 

By contrast, CCTWHs are able to operate consistently in a 

condensing mode. Through consistent condensing opera-

tion and a reduction in standby losses, retrofitting to 

CCTWHs from boiler/commercial storage water heating 

systems may result in significant natural gas savings.  

The objective for this project is to perform a field demonstra-

tion of the CCTWH at two multifamily buildings in Minnesota 

to quantify the energy savings potential of CCTWH over 

conventional direct-fired gas storage and indirect (with dedi-

cated boiler) systems in this application. Under this field 

evaluation, a project team will quantify the performance and 

A field evaluation of central condensing tankless water-heating systems at two  

multifamily buildings in Minnesota is quantifying energy savings and developing 
tools, guidance, and measures to support this emerging high-efficiency technology 
for end users such as schools, hospitality, and multifamily housing. 
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design), to consistently operate in the high-efficiency “conden-

sing mode” and sharply reduce system standby heat losses. 

In the residential gas water heating market, a cost comparison 

across products has resulted in condensing efficiency with 

tankless water heating gaining significant market penetration, 

while adoption of condensing gas-storage water heaters has 

been more limited due to high equipment costs. If demonstrat-

ed through this project, CCTWH products might get expanded 

support from utility energy-efficiency programs in order to ac-

celerate the transformation of markets such as 1) mid-/high-

rise multifamily housing, 2) hospitality, and 3) schools and 

universities. 

 
Technical Concept & Approach 

The overall project scope is: 

• Field Demonstration Planning and Preparation 

In this task, the project team will develop a test plan; per-

form a literature review and manufacturer interviews; and 

solicit, screen, inspect, and finalize two field demonstration 

sites in the Minneapolis/St. Paul region.  

• Baseline Monitoring  

The project team will perform a eight-month baseline moni-

toring on existing equipment, deploying high-resolution  

data-collection/analytical methods to assure transient    

energy/water/waste is quantified. 

• CCTWH Demonstration 

The project team will specify, procure, install and commis-

sion CCTWH systems at two multifamily sites, with aggre-

gate output between about 800-1,400 kBtu/hr.  

• Measure Assessment and Knowledge Transfer 

The research team will finalize the CCTWH modeling and 

assessment tool, extrapolate savings and performance to 

other building types and regional locations, and summarize 

project results as a draft measure for utility energy-efficiency 

programs and to support end-use ratepayers. 

 
Results 

The research team engaged a CCTWH manufacturer, recruit-

ed a host site, and formulated the test plan. The manufacturer 

provided specific installation/sizing guidance and pricing of its 

CCTWH products to support site recruitment. Sites were se-

lected and baseline monitoring equipment was installed at two 

multifamily buildings in St. Paul, MN.  

Researchers completed receipt and analysis of incoming 

baseline and CCTWH monitoring data, which is being incorpo-

rated into the development of the CCTWH Assessment Tool. 

Data analyses were completed between the tankless and 

baseline systems. The findings included full-system efficien-

cies, which included the recirculation loop, which circulates hot 

water throughout the building for tenants to have quick access 

to hot water when a fixture is turned on. System efficiencies 

are lower than water-heater efficiencies because they account 

for heat loss as the hot water circulates throughout the build-

ing in un-insulated pipes. For the baseline tank systems, the 

average system efficiency was 0.60 and for the CCTWH sys-

tem, the average system efficiency was 0.66. For the water-

heater-only efficiencies, the average baseline tank efficiency 

was 0.74 and for the CCTWH it was 0.85.  

 
Status 

A draft of the project Final Report was completed and is under 

internal review by the state of Minnesota as the prime sponsor 

of this research.  

Examples of commercially-available racked (left) and  
packaged (right) CCTWHs. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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tions under which tankless water heaters release unburned 

hydrocarbons into the atmosphere in order to identify best 

practices or design features to reduce methane emissions. 

Models from three different manufacturers of tankless water 

heaters were tested under specific operating conditions and 

representative use patterns. 

The more recent Phase 2 and Phase 3 efforts expand this pro-

ject to cover furnaces, conventional tank water heaters, and 

ranges, which have also been included in various field studies 

focused on residential methane emission measurements.  

  

Benefits / Market Implications 

The results from this study will support the continued improve-

ment of residential natural gas appliances and the understand-

ing of post-meter methane emissions. This includes standard 

residential gas appliances such as tankless/storage gas water 

heaters, furnaces, and residential ranges.  

Project Description 

Some appliances are coming under increased scrutiny due 

to field-measured emissions of unburned hydrocarbons. Of 

specific focus are high-input compact burners (e.g., tankless 

water heaters) and other equipment that frequently cycle on 

and off. However, field-derived emissions measurements 

are difficult to perform accurately. 

In the first phase of this project, the team focused on      

assessing such emissions from tankless water heaters 

(TWHs), which modulate directly in response to end-user 

loads. In order to maintain outlet temperature stability while 

handling variable inlet water temperature and flow de-

mands, these units ramp up and down their firing rate quick-

ly, with 20:1 turndown ratios common for products available 

(which unusual for most other gas-fired equipment).  

This is achieved in a number of ways. Staging multiple cas-

sette burners is the most common method. Several burners 

(~16) are staged in groups, on and off, as sequenced by 

proportional gas valves. This allows for the highest possible 

turndown. A single ceramic “plaque” or flat woven/knitted 

fiber mesh, large enough and with an adequate thermal 

mass to permit such a wide turndown ratio, is added to the 

burner. As the tankless water heater shifts to the load, either 

rapidly staging burners on/off or modulating the single 

plaque/mesh burner, temporary loss of flame stability and 

delayed ignition can lead to temporary emission of un-

burned methane. While this transient effect is present with 

all cycling gas-fired equipment, tankless water heaters by 

their nature are constantly adjusting the flame through stag-

ing or rapid and drastic modulation. 

Tankless gas water heaters offer high efficiencies and are 

increasingly popular, but could be subject to future scrutiny 

due to methane emissions. This scientific research can help 

inform public dialogue on this topic. 

Tankless gas water heaters are currently the second most 

popular type of gas water-heating equipment, representing 

more than 10% of gas products sold in North America and 

more than 50% in the Europe. 

This project established the first known technically-sound 

greenhouse gas emission rate for tankless gas water heat-

ers using a laboratory analysis and methodology. The ob-

jective is to quantify the amount and determine the condi-

Research is being conducted to quantify the emissions and determine the conditions 

under which tankless water heaters and other end-use equipment release unburned 
hydrocarbons into the atmosphere in order to identify best practices or design  
features to reduce methane emissions. 

Gas meter testing against calibrated standard in the laboratory.  
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Over the past 15 years, TWH sales have grown from less than 

1% to more than 12% of gas water-heater sales in North  

America. The ability to clarify and mitigate the impact of TWHs 

on greenhouse gas emissions will support the continued mar-

ket availability and improvement of this technology for end 

users. Any potential restrictions that limit options to use this 

type of high-efficiency device should be based on sound sci-

entific study and consider product and technical advance-

ments to minimize and mitigate potential releases. 

  

Technical Concept & Approach 

Under Phase 1, the project team completed a literature review 

on unburned methane release from appliances. Input was 

solicited from TWH manufacturers regarding system opera-

tion, compact burner modulation/ignition methodologies, and 

system controls with respect to the emission of unburned fuel. 

Researchers developed methods to accurately measure the 

dynamic emission rate of methane from a modulating TWH 

and represent end-user behavior through various dynamic 

tests. 

Three TWHs were used for testing, representing a range of 

combustion system designs and the most popular models and 

manufacturers. The units were tested using steady-state, 

“step ramp-up,” and simulated-use patterns to establish typi-

cal methane emissions across products and combustion sys-

tem designs. Through data analysis, researchers identified 

tankless designs, features, and operating conditions that can 

produce some methane emissions. A list of recommendations 

for detection and mitigation of such conditions was developed. 

Researchers will use the laboratory measurements taken in 

Phases 1-3, supplemented with emission factors from litera-

ture where needed, to create a spreadsheet tool to estimate 

total residential appliance emissions based on selection of 

appliances in the home and adjustable operating patterns for 

space heating, water heating, and cooking over a range of 

climate zones.  

 

Results 

In this project, researchers completed two tasks in parallel: 1) 

developing the test plan including specifications for the me-

thane-analyzing methodology and 2) procuring and installing 

both a non-condensing TWH and a condensing TWH in a 

customized laboratory test rig. Plumbing and system controls 

were put in place to operate the TWH units. 

The team reviewed recent methane emissions studies and 

procured a methane analyzer suitable for this project. Addi-

tionally, the project team engaged with a major university re-

garding the test plan as a complement to field sampling of 

TWHs. 

Phase 1 findings showed that the tested TWHs produced 

measurable methane emissions: 

• “Puffing” at ignition/extinction, universal 

• During modulation, depending on the burner design 

(ignition/extinction of stages) 

• During steady-state operation, depending on the burner 

design and firing rate, and 

• During off periods. 

Both steady-state emissions and ignition/extinction emissions 

generally showed similar order of magnitude results as in 

prior field studies.  

In 2021 under Phase 2, researchers prepared the testing 

area and instrumentation for testing of furnaces. A number of 

shakedown tests were performed to address issues with in-

strumentation, control programs, and data acquisition.  

Calibration gases were ordered to create calibration curves 

for the two methane analyzers that will be used for this pro-

ject. The high-resolution gas analyzer was tested against 

three low-concentration sample gases. The rack analyzer 

was just re-installed and will be tested against the five cali-

bration gases prior to shakedown.  

Researchers are investigating various approaches to mitigate 

emissions, including: 

• Multi-point ignition/flame sense 

• Modulation controls 

• Radiant vs. “blue-flame” mode combustion system 

• Other in-situ sensors  

• Improved heat management and quench minimization, and  

• Post-combustion treatment (e.g., catalysts). 

The project team compiled and reported results to a cross-

section of TWH manufacturers via a webinar, reviewing 

methods and results. Project findings were also publicly pre-

sented at the American Council for an Energy-Efficient Econ-

omy’s 2020 Hot Water Forum during a virtual meeting ses-

sion held in July 2020. 

 

Status 

Testing of residential furnaces under Phase 2 of the project 

is ongoing. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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especially in the U.S. southeast. As a result, cost-effective 

cooling is necessary for this product to broadly succeed and 

serve many ratepayers. 

The all-climate system will offer an Annual Fuel Utilization Effi-

ciency (AFUE) of >140% and a Seasonal Energy Efficiency 

Ratio (SEER) of >16.0 to end users, exceeding the majority of 

electric or gas-fired options. 

While GAHPs offer high efficiency and low emissions, existing 

GAHPs commercial products tend to be costly and have seen 

limited adoption in North America. The approach in this project 

will advance a new hybrid arrangement, wherein the GAHP 

would have an electrically-driven compression cycle that uses 

an ultra-low charge of ammonia vapor, and shares internal 

heat exchangers with the absorption heat-pump sealed sys-

tem. This could provide a simple payback of less than three 

years for a hybrid system.  

In summary, the project team seeks to demonstrate an eco-

nomical GAHP with integrated cooling for a projected target 

equipment price of $5,000. This system would be designed for 

low-load homes; however, scaling up or down at a later date to 

fill out the product family is expected to be very feasible and 

economical. 

Project Description 

A gas absorption heat pump (GAHP) can provide low-cost 

whole-house heating with significant improvements in effi-

ciency over condensing furnaces and boilers. In addition to 

cost-competitive therm savings of up to 45% over conven-

tional residential gas heating equipment, the GAHP deliv-

ers stable, comfortable temperatures without the need for 

auxiliary heating or backup and is projected to be ultra-low-

NOx compliant with all combustion occurring outdoors. This 

project builds on other UTD efforts to bring to market a new 

heating-only, low-cost GAHP for the residential market, 

which is nearing commercialization. 

One issue that might limit its adoption is that it currently 

doesn’t also provide high-efficiency cooling. The economics 

of the heating-only GAHP (sized at nominal 80 kBtu/h out-

put), with the aggressive equipment cost target of $5,000, 

are generally suitable in cold climates and for large, single-

family homes. For example, as a simple estimate, in a 

space-heating-only application, the GAHP would have a 

five-year simple payback over a condensing furnace in 

homes that have an average monthly heating bill of $200 or 

greater during the heating season. This may be feasible in 

cold climates, for large homes, or both. However, the eco-

nomics worsen in mixed or cooling-dominated climates, 

This project focuses on adding cost-effective cooling to a low-cost gas absorption  

heat pump pre-commercial product that currently provides only heating and domestic 
hot water.  An economical, integrated single unit that provides both air conditioning 
and high-efficiency heating can help more end users benefit from this emerging high-
efficiency product. 

Left: prototype GAHP hybrid. Right: heating-Only GAHP. 
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This project leverages co-funding from the Natural Gas Innova-

tion Fund (NGIF) launched by the Canadian Gas Association 

(CGA) and moves from the development/design stage to a 

laboratory version of a packaged alpha prototype.  

 
Benefits / Market Implications 

The hybrid GAHP with A/C is intended to broaden the energy 

and emissions savings potential of the GAHP, expanding the 

benefits of this technology for end users by providing applica-

bility for mixed and cooling-dominated climates.  

Of all U.S. single-family homes, 73% have central A/C. Early 

feedback from contractors and homeowners on the heating-

only GAHP is that very few homeowners will permit having two 

large pieces of HVAC equipment outdoors, which may limit the 

application of the heating-only GAHP.  

The advantage offered by operating with a chilled-water loop 

for A/C, using the single indoor coil, is that this is not a direct 

expansion system. This significantly reduces the refrigerant 

charge volume as it is only contained within the hybrid GAHP 

unit, thereby minimizing risks with an ultra-low-charge ammo-

nia system. In addition, many HVAC manufacturers are looking 

to refrigerants at higher pressures or with moderate flammabil-

ity, which is challenging for conventional split A/C systems. 

 

Technical Concept & Approach 

This project builds upon a gas-fired heat pump water heater 

(GHPWH) developed and supported in conjunction with UTD 

Project 1.11.H, scaling up the same absorption heat pump 

technology by an eight-fold factor.  

Laboratory tests are being conducted to estimate the hybrid 

unit’s performance using standardized steady-state testing. In 

addition to standardized rating tests, an extended 24-hour sim-

ulated use test will be conducted in a virtual test home to ob-

tain a complete mapping of performance and evaluate the im-

pact of coincident loads. A purpose-built test-stand, water stor-

age tank, and an environmental chamber will be used to evalu-

ate space heating/cooling loads, domestic hot water loads, and 

outdoor ambient conditions. 

 
Results 

In 2020, the scope of the hybrid GAHP device was defined for 

the purposes of modeling. A modeling plan (assumptions, 

boundary conditions, etc.) was developed and simulation was 

executed. Researchers agreed on the operational parameters 

of the GAHP hybrid as it pertains to the initial building energy 

modeling task, using the heating GAHP modeling assumptions 

developed under prior efforts and absorbing modeled perfor-

mance curves.  

The project team ran models of single-family homes for sev-

eral representative metropolitan areas, covering multiple 

climate zones and housing types (size, construction, occu-

pancy) and performing annual energy assessments of hybrid 

GAHPs. Investigators are considering multiple baseline sce-

narios (all-electric, high/low efficiency, etc.). This modeling 

exercise will be extended to key U.S. regions, including: Chi-

cago, Salt Lake City, Fargo, St Louis, Minneapolis, Portland, 

Rochester, San Francisco, Albuquerque, Atlanta, Los Ange-

les, and Tampa.  

In preparation for the installation of the GAHP hybrid in the 

Summer of 2021, the project team made upgrades and addi-

tions to the laboratory thermal heat pump test station. 

With a number of details cleared up regarding the GAHP 

hybrid prototype system, the project team developed a test 

plan and modified the test stand updated for the heating-only 

GAHP. The project team anticipates installation and opera-

tion of the GAHP hybrid prototype per the test plan in 2021.  

In July 2021, it was announced that UTD member Enbridge 

had invested CAN $4,000,000 in the late-stage start up 

SMTI, the developer of the technology advanced in this and 

other UTD projects. 

 

Status 

The project team is finalizing preparations for installation of 

GAHP hybrid equipment in the laboratory, with thermal heat 

pump test station upgrades.   

Researchers are analyzing the results of testing to make 

recommendations on system design modifications, sizing 

considerations, and controls updates. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Expanded laboratory test station. 

“UTD provides an invaluable  
contribution towards the advancement 
of innovative, very high-efficiency 
products within the gas and energy 
industry.  Without UTD’s support on 
numerous projects over the prior 10 
years, SMTI would not have been 
able to prove out and de-risk our 
family of affordable thermally-driven 
heat pumps, a critical first step before 
investors will step in to support  
commercialization activities. Our 
Hybrid GAHP/AC heat pump model 
will help move gas heat pumps from a 
solid niche to the mainstream HVAC/

water heating market.”   

- Michael Garrabrant 
  Founder and CEO 
  Stone Mountain  
    Technologies, Inc. (SMTI) 
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the defrosting period. GHPs avoid the need for a defrosting 

cycle by controlling the flow of the recovered waste heat from 

the engine and maximizing the heat-recovery process. 

A second advantage is to avoid supply temperatures which 

can result in the “cold blow” effect (delivery of air at less than 

body temperature) that compromises indoor thermal comfort. 

GHPs use engine heat recovery to supplement heating output 

in order to maintain both indoor supply temperatures and heat-

ing capacity, which can be a problem with current electric heat 

pumps. In cooling and moderate heating mode conditions, 

engine waste heat can also be directed to an optional supple-

mental water heater, maximizing system efficiency. 

This field demonstration will evaluate the GHP-RTU energy 

performance, reliability, and economics. The rooftop configura-

tion is a unique GHP design with potential for wider heat-pump 

adoption and lower installation costs by using the same foot-

print as conventional packaged rooftop units. Although this 

model successfully demonstrated high-efficiency cooling per-

formance and reliability in very hot climates, this field study will 

determine the GHP-RTU installed heating performance in a 

cold climate. 

This project is being conducted in partnership with the New 

York State Energy Research and Development Authority 

(NYSERDA) and National Fuel Gas Company, with NYSERDA 

providing the prime funding for this research.  

Project Description 

Gas-engine-driven heat pumps (GHPs) are an important 

gas cooling and heating option for the small-commercial 

market when considering electric-demand reduction initia-

tives. Preliminary modeling indicates that GHPs can reduce 

peak electric demand by 6 kW to 15 kW, compared to elec-

tric variable refrigerant flow (VRF) systems, or conventional 

rooftop units (RTUs), respectively. 

GHPs can also reduce peak gas demand. GHPs have high 

heating efficiency due to the use of engine heat recovery to 

boost performance during the winter. This increased heat-

ing efficiency will reduce peak gas demand, generate ener-

gy savings, and reduce full-fuel-cycle greenhouse gas 

(GHG) emissions when compared to a baseline standard-

efficiency RTUs. The extent of this peak gas demand re-

duction and overall efficiency gain will be analyzed in this 

project. 

Compared to electric-driven heat pumps, GHPs have two 

key advantages in heating operation for cold climates. 

GHPs use engine heat recovery to: 1) avoid a defrosting 

cycle and 2) maintain heating capacity and supply tempera-

tures. Electric heat pumps require periodic defrosting at 

ambient temperatures below 40˚F. Conventional defrosting 

uses reverse cycling, which results in an inherent energy 

penalty because it removes heat from the indoor air during 

This project is demonstrating and analyzing the installed performance of  

a gas-engine-driven heat pump incorporated in a packaged rooftop unit to  
determine its cold-climate performance, reductions in peak electric and peak 
gas demand, and environmental benefits. 

Blue Mountain Energy’s packaged rooftop gas-engine-driven heat pump. 

Image credit: Blue Mountain Energy  
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Task 6 of this project provides co-funding for development at 

laboratory scale of an innovative 3D-printed desiccant wheel 

with thermo-responsive desiccants to enhance energy effi-

ciency and thermal comfort in buildings. UTD and partners 

National Renewable Energy Laboratory (NREL), Blue Moun-

tain Energy, and TCPoly will design, build, and demonstrate a 

proof-of-concept prototype. Separating sensible and latent 

cooling by using separate devices such as desiccants have 

shown up to 30% saving of primary energy. Compared to 

conventional desiccant systems, the proposed design has 

potential to reduce energy consumption by reducing the addi-

tional sensible load due to desiccant regeneration. 

 

Benefits / Market Implications 

GHPs are expected to provide environmental, economic, and 

resiliency benefits for commercial buildings and ratepayers.  

Environmental benefits for the customer include life-cycle 

cost savings due to reduction in time-of-use rates or electric-

demand charges; reduction of source energy; and full full-

cycle GHG emissions through high-efficiency operation com-

pared to conventional HVAC equipment. 

The reduction of peak electric demand offered by GHPs pro-

vides regional utility benefits and may provide opportunities to 

retire one or more power-generation plants. 

 
Technical Concept & Approach 

• Site Selection and Baseline Monitoring 

Potential end-users for GHPs include offices, schools, 

health clubs, gymnasiums, hospitals, retail buildings, and 

restaurants.  

• GHP-RTU Installation and Demonstration Plan 

The project team developed the demonstration plan for the 

selected site, and then specified, installed, and commis-

sioned the instrumentation and data-acquisition system for 

the GHP-RTU.  

• GHP-RTU Performance Monitoring 

Researchers will monitor the performance of the GHP-RTU 

for a full heating and cooling season to determine annual 

energy use and costs across the full range of possible op-

erating conditions.  

• Data Analysis 

The project team will analyze measured data to determine 

heating and cooling delivered, energy consumption, reduc-

tion in peak electric demand, GHG emission reductions, 

and energy cost savings relative to baseline. Researchers 

will also estimate paybacks, life-cycle cost savings, and 

cost/benefit ratios based on current costs and projected 

mature market pricing.  

Results 

In 2019, the project team selected a field site in Buffalo, NY, 

for the GHP-RTU demonstration. The field site is a small gas 

station/grocery store with extended hours of operation. The 

GHP-RTU was installed in place of the existing conventional 

RTU using a rooftop curb adapter. Supplemental heating (a 

gas-fired duct furnace) was installed to ensure adequate heat-

ing capacity during the demonstration. Commissioning of the 

system and instrumentation was completed in 2020.  

Monitoring of the GHP-RTU heating performance was extend-

ed through 2021 to demonstrate the optimized heating and 

cooling performance of the unit. The project team analyzed 

preliminary cooling performance data from May 15 through 

September 7, 2020 with minimal ventilation. Daily runtime 

ranged from 5.1 to 20.5 hours, averaging 16.8 hours per day. 

Average daily part-load operation, based on cooling delivered 

vs. rated cooling output, ranged from 48% to 73%. Part-load 

operation had minimal impact on the GHP-RTU cooling effi-

ciency, indicating effective control strategies that can meet the 

cooling load while minimizing cycling losses. Although cooling 

efficiency varied with respect to ambient temperature as ex-

pected, the GHP-RTU performed reliably with a high average 

seasonal cooling efficiency of 1.19 COPg.  

GHP-RTU heating performance was monitored from October 

2020 through September 2021. Daily average heating efficien-

cy was less than the steady-state full-load rating of 1.4 COPg 

(47°F ambient) due to cycling losses and colder ambient tem-

peratures. Future design improvements should focus on con-

trol algorithms to limit cycling operation and improve first-stage 

heating performance. 

For the first cold-climate demonstration of this design, the unit 

performed well with just three minor outages during the 18-

month monitoring period, which were quickly resolved by: 1) 

replacement of the control PLC; 2) remote support by the 

manufacturer; and 3) the facility manager identified and re-

paired a loose wire. For Task 6. the project team initiated 

Computational Fluid Dynamic modeling of the desiccant wheel 

to optimize geometry for humidity control.  

 
Status 

These promising results demonstrate the high-efficiency cool-

ing performance of the GHP-RTU and the potential for a cost-

effective gas-engine-driven heat pump rooftop design. The 

project team will continue to monitor the GHP-RTU cooling 

performance through September 2021. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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dressed before this project and no commercial designs are 

available to end users.  

This UTD project is providing co-funding to a prime contract 

from the U.S. Department of Energy (DOE) Buildings Technol-

ogies Office.  

 

Benefits / Market Implications 

The market for residential and commercial gas water heaters 

in the U.S. alone is greater than $3 billion and $0.5 billion re-

spectively. The technology being developed in this project can 

provide 22% energy savings, leading to significant cost bene-

fits to the ratepayer. Furthermore, the national savings poten-

tial can be 94 trillion Btu per year for the self-powered, no-heat 

pump option, and at 354 trillion Btu per year savings for the 

self-powered with the heat pump option.  

In addition, the technology is targeted to provide NOx emis-

sions reduction of more than 70% compared to current       

designs.  

Researchers are developing a grid-resilient, self-powered, fuel-flexible, high-efficiency 
Advanced Burner Thermoelectric Generator that can be installed in many residential 
and commercial building space- and water-heating systems to improve their resiliency, 
reliability, and efficiency. 

Project Description 

Research over the past two decades to develop self-

powered gas appliances for grid independence have not 

resulted in commercially successful products due to in-

creased capital costs and customized designs preventing 

drop-in installation. The objective for this project is to devel-

op and demonstrate a grid-resilient, self-powered, fuel-

flexible, high-efficiency Advanced Burner Thermoelectric 

Generator (ABTEG) as an integrated system that can be 

installed in many types of residential and commercial build-

ing space- and water heating-systems. 

The integrated system consists of two key subsystems: 1) a 

3D-printed high-efficiency, ultra-low-emissions, fuel-flexible, 

modulating burner integrated with 2) a commercially availa-

ble low-cost, high-efficiency, high-operating-temperature 

TEG. The integrated design will result in a drop-in retrofita-

ble, fast payback (<2 years) system that is self-powered and 

grid independent.  

The design and integration of a combustion-driven TEG 

power system that is interconnected and interdependent on 

thermal characteristics and efficiencies has not been ad-

TEG assembly with water heater 
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The technology will ensure safe, reliable, and resilient opera-

tion and expand options for distributed generation/electric  

demand response or for gas-demand response. The technolo-

gy can also integrate with renewable energy sources.  

For the water-heater market, these benefits translate into a 

savings of 0.09 quad per year without a heat pump and 0.35 

quad per year with a heat pump. As the technology expands 

to space heaters, boilers, and furnaces, the estimated poten-

tial total savings is 0.38 quad per year without a heat pump 

and 1.39 quads per year with a heat pump. An additional sav-

ings of 0.11 quad per year from retrofitting the higher-

efficiency burner may be achieved, thus leading to a total of 

0.49 quad per year and 1.5 quads per year without and with 

heat pump, respectively, across the residential and commer-

cial sector. A simple payback of 2.1 years without heat pump 

and 1.9 years with heat pump is targeted.  

The value of the technology is in its grid-independence, self-

powered, high-efficiency feature, but one or more of the other 

features (e.g., ultra-low emissions) may be equally or more 

attractive to certain market segments.  

 
Technical Concept & Approach 

The ABTEG system is a transformative power-conversion 

technology to improve the efficiency of gas-driven systems. In 

this project, researchers will design, develop, and test a first-

of-its-kind highest-efficiency drop-in burner/thermoelectric 

generator integrated system capable of achieving ultra-low 

emissions while being grid independent.  

The following tasks will be performed:  

• Subsystem Specifications and Design  

Researchers will evaluate, assess, and finalize design and 

specifications for each subsystem to be integrated. Down 

selection of the TEG to meet electrical demand, thermal 

requirements, location, and complexity to adhere to the 

drop-in design specifications will be addressed. The instru-

mentation and controls required to measure, modulate, and 

monitor the TEG output will be finalized. In addition, the 

water heater to be used for testing will be selected. After the 

subsystems and the system architecture are finalized, the 

designs for each of the subsystems will be finalized.  

• Burner Fabrication  

Investigators will optimize the burner configuration as de-

fined by the trade-off studies to achieve the lowest cost, 

while meeting emission requirements. 

• Burner Testing  

The project team will install the burner in a simulated water-

heater test rig to evaluate the performance. Flame-stability 

characteristics, operability, and lean blow-out will be evalu-

ated to map the operating envelope of the new burner in 

comparison to the past burner.  

• Testing Integrated ABTEG System Architecture  

After installing the subsystems with the controls, testing will 

be performed for the ABTEG system at different firing condi-

tions that are representative of typical water-heater opera-

tion. The project team will investigate different options for 

starting the water heater from cold conditions.  

 
Results 

The team performed a detailed analysis to down-select three 

different materials for the TEG. In addition, three different wa-

ter heaters were reviewed. 

In 2020, researchers performed Computational Fluid Dynam-

ics (CFD) analysis for the fuel-flexible burner and generated a 

solid model for 3D printing. The model was sent to project 

partner Oak Ridge National Laboratory (ORNL) and 3D printed 

there. Two different water heaters were installed in the labora-

tory for power-consumption and thermal-characteristics test-

ing. A test rig was set up for operation with hydrogen with the 

appropriate interlocks and improved exhaust system.  

Residential water heater burner testing and evaluation was 

performed, and temperature, emissions and electrical power 

demand was analyzed. Different TEG integration methods and 

designs were evaluated. In addition, a preliminary model for 

hydrogen/natural-gas mixtures was developed for CFD analy-

sis.  

In 2021, testing was performed on multiple TEG units of differ-

ent power levels and physical dimensions to understand the 

power output. CFD analysis of the burner and bench-scale 

setup for burner testing is in progress.  

 

Status 

CFD modeling of the burner is complete. Key design improve-

ments were identified and implemented.  

TEG testing is in progress. Next steps are to determine the 

best method to integrate TEG with water-heating systems and 

perform testing with an advanced burner. 

Methods to improve the performance of the burner for pres-

sure drop and air-fuel mixing are being evaluated. Research-

ers are analyzing different single-nozzle burner designs.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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climate air-source heat pumps (ccASHPs) and electric-

driven heat pump water heaters (EHPWHs) provided an 

understanding of their performance across multiple climate 

zones. 

In the current Phase 2 of project 1.19.I, researchers are in-

vestigating the performance of a hybrid system that is com-

mercially available in the U.S. for space and water heating. 

This hybrid system will be evaluated in the VTH to develop 

performance curves for space and water heating in multiple 

part-load and ambient temperatures. These performance 

curves can be implemented in building energy models to 

more accurately quantify annual operating cost, greenhouse 

gas (GHG) emissions, and source-energy efficiencies in all 

U.S. climate zones.  

UTD partnered with the Propane Education and Research 

Council (PERC) on this research, with PERC providing co-

funding to UTD. 

 

Benefits / Market Implications 

The results from Phase 1 of projects 1.19.D and 1.19.I pro-

vided a  data-based, scientific analysis of real-world, annual-

ized performance of space and water gas and electric equip-

ment options to support accurate decision making by con-

sumers, the energy industry, and others.  

Results from Phase 2 of project 1.19.I will provide equip-

ment sizing, operation, and controls guidelines to operate 

hybrid space- and water-heating equipment at low GHG 

emissions and operating cost in all U.S. climate zones.  

 
Technical Concept & Approach 

In these projects, researchers identified a set of ccASHPs, 

EHPWHs, and one hybrid space- and water-heating system 

to be evaluated in the VTH.  

In 1.19.D and Phase 1 of 1.19.I, the ccASHP and EHPWH 

performance curves were developed for the VTH protocols 

while exposing the systems to multiple operating conditions, 

including indoor and outdoor air temperatures and humidity 

and part-loads. These performance curves were built into 

building energy modeling to evaluate these systems in all 

U.S. climate zones, power-mix generation regions, and utility 

A research team compared natural gas/liquid propane and electric-driven space-

heating systems and heat pump water heaters on a level basis by characterizing 
equipment part-load performance across five climate zones in a Virtual Test Home 
to support informed decision making by designers and end users.  

Project Description 

Advancements in controls and variable-speed compressors 

in electric heat-pump technology make it possible to mini-

mize part-load inefficiency during shoulder seasons and cov-

er the entire load during the heating season without auxiliary 

electric heating in cold climates. Despite this advancements, 

electric heat-pump efficiencies in the source-energy perspec-

tive are lower than gas-fired equipment below freezing tem-

peratures. Hybrid (electric and gas) heating equipment might 

be the best approach to achieve the highest source-energy 

efficiencies when analyzed over a heating season. 

For Phase 1 of this project, researchers investigated the de-

tailed performance of electric heat pumps (traditional and 

cold-climate) to better understand how hybrid gas/electric 

systems can be implemented to achieve efficient, cost-

effective, and comfortable space heating. Products were 

tested in a laboratory Virtual Test Home (VTH), which 

demonstrated insightful assessments on HVAC, water-

heating, and power-generation equipment in past projects. 

Unlike standard rating-point test methods such as Annual 

Fuel Utilization Efficiency and Heating Seasonal Perfor-

mance Factor for space heating equipment, the VTH can 

evaluate and characterize the performance of complex sys-

tems in a wide range of as-installed operating conditions to 

estimate annual greenhouse gas (GHG) emissions and oper-

ating cost via energy modeling. VTH assessments on cold-

Heat pumps being tested to gather annualized performance data.  

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 

Comparative Assessment of Space-Heating Systems 
and Heat Pump Water Heaters in Virtual Test Home 

PROJECT NOs.  1.19.D & 1.19.I 

SUMMARY REPORT 
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rates. The simulated performance of these systems were 

compared to best-in-class commercially-available gas-fired 

systems to better understand how they compared in multiple 

climate zones.  

 

Results  

Researchers evaluated the best-in-class electrically-driven 

heat-pump technology for space and water heating in the 

VTH. Extensive evaluations were performed to identify varia-

bles that affect operating mode, heating output, and detailed 

electrical-power requirements of these two systems. Ad-

vanced building energy modeling was performed to formulate 

conclusions based on extensive laboratory, in-field, and mod-

eling research using these performance characterizations 

and previous VTH best-in-class gas-fired system perfor-

mance curves. 

Results are presented in a report published in January 2021 

that suggest: 

• Annual non-baseload source-energy consumption and 

GHG emissions for the all-electric alternative would likely 

be higher than the advanced gas + AC system in most of 

the cities analyzed 

• Annual operating cost of an advanced electric system 

would likely be higher than the advanced combination al-

ternative the advanced gas + AC system in most of cities 

analyzed, and  

• Advanced gas-fired systems could offer the lowest source-

energy consumption, GHG emissions, and operating cost 

in all 14 cites of the five systems evaluated in this research 

project.  

The data-acquisition system was designed to monitor the daily 

performance of the three systems during the 2020 winter and 

spring weather loads. The testing infrastructure included three 

six-ton ductwork units for space heating/cooling simulations 

and power distribution for outdoor equipment installation. The 

ductworks had airflow, temperature, and relative humidity 

measurement, and air pre-conditioning capabilities. The power 

panels were instrumented to measure electrical consumption 

and power rates for the electric heat pump system compo-

nents. Data-acquisition systems to monitored and collected 

data from the electric heat pump systems.  

Researchers developed an automated simulated-use ap-

proach in the VTH that characterizes and predicts ccASHP 

part-load performance. The approach accounts for outdoor 

and indoor ambient conditions, including temperature and 

relative humidity, as well as cycling and other part-load sce-

narios.  

The project team used the VTH performance characterizations 

derived from laboratory testing to quantify relative annual 

space-heating energy consumptions, efficiency, and resulting 

GHG emissions for representative single-family housing stock. 

Analyses were conducted for 14 cities across five climate 

zones. 

Researchers developed laboratory test methods to character-

ize equipment performance across a full range of operating 

conditions and build energy-modeling methods that use those 

characterizations to quantify annual energy, emissions, and 

operating costs.  

Results were presented in a technical paper published at 

ASHRAE’s 2020 Winter Conference. 

 

Status 

The project team recognizes the advantages of hybrid sys-

tems to reduce operating costs and GHG emissions. Re-

searchers recommended integrating ccASHP and EHPWH in 

a hybrid configuration to optimize system controls for various 

climates to further increase the potential for annual energy, 

GHG emissions, and operating-cost reductions.  

Phase 2 of project 1.19.I is exploring this integration in the 

VTH with the hybrid space- and water-heating equipment lev-

eraging the incoming heating season of 2021-2022. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

ccASHP data. 
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Benefits / Market Implications 

High-efficiency GAHPs are strategically important to achieve 

short-term (e.g., energy efficiency) and long-term (e.g., de-

carbonization) goals. This project seeks to ensure optimum 

long-term performance, economy, and reliability of these 

new product categories for end users.  

Current GAHP heat exchangers use carbon steel tube/

aluminum fin evaporator coils due to limitations in the manu-

facturing process of lower-cost components and the fact that 

copper coils are not compatible with ammonia-water solu-

tions. As such, the evaporator coils of GAHP systems are 

the heaviest and most expensive part of the system. By shift-

ing to an aluminum evaporator, provided that corrosion is-

sues are within control, the GAHP may be significantly lighter 

and less expensive. The evaporator coil in a standard 80 

kBtu/h GHP weighs about 150 pounds; however, an all-

aluminum coil could weigh just 25 pounds and might save 

perhaps $375. Also, an additional estimated benefit is the air 

flow can also lowered by 20%-30% for the same effective-

ness, reducing power consumption and noise. aluminum 

evaporator, provided that corrosion issues are within control, 

the GAHP can significantly reduce the cost and weight.  

Researchers are developing new technologies to enhance the long-term system efficiency, 

reliability, and safety of any absorption-type heat pump while also reducing costs. 

Project Description 

A significant factor that influences the cost effectiveness of 

absorption heat pumps (which represent the most technologi-

cally mature option for thermally-driven heating and cooling 

systems) is the need for corrosion protection. The ammonia-

water or strong salt absorbent/refrigerant pair typically create 

high-temperature, high-pH environments that have a tenden-

cy to form hydrogen (a non-condensable gas that degrades 

system efficiency), and can attack steel surfaces, promoting 

stress corrosion cracking and failure.  

To successfully advance the use of high-efficiency gas ab-

sorption heat pumps (GAHP), it is important to minimize the 

impact of non-condensable gases on long-duration perfor-

mance and reliability. The goal of this project is to design and 

develop non-condensable gas isolation (NCGI) modules and 

provide research and development support to employ novel, 

low-cost aluminum heat exchangers to increase long-term 

system efficiency and reliability and safe operation, and re-

duce the cost of any absorption-type heat pump. 

The project team plans on demonstrating the performance of 

the technology in a prototype GAHP. 

NCG removal from GAHPs. 
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The primary target market impacted by this technology will be 

absorption-type heat pumps at residential or light commercial 

scale (space conditioning or water heating) because, for ex-

ample, they may not receive annual service maintenance. 

Another market that would benefit is absorption-type heat 

pumps at a larger commercial scale.  

 
Technical Concept & Approach 

This project focuses on developing and demonstrating solu-

tions to address non-combustible gases (NCG) through isola-

tion, storage, or both. Isolation will be performed by a selec-

tive membrane. Membrane development will focus on testing 

metal alloys which are non-embrittling and which offer the 

potential for high permeability.  

To achieve cost/weight reductions, the project team will per-

form corrosion testing of alloy samples in an ammonia-water 

solution at standard and elevated pressures and temperatures 

to investigate the potential of aluminum evaporators and, if 

possible, aluminum absorbers as well.  

Specific activities involve: 

• A literature survey regarding NCG generation in absorption 

heat pumps (AHP), including a review of manufacturer and 

research data from prior AHP evaluations, storage/venting 

of NCGs in other applications, and challenges with hydro-

gen transport and storage in other applications.  

• An outline the design requirements of the NCGI module, 

including operational, design, and safety requirements. 

• Development of a preliminary NCGI module specification, 

sized for existing AHP sizing categories, including 3kW, 

6kW, 12kW, 23kW, and 41kW output units. Additionally, 

project representatives will outline options for the NGCI 

module concerning gaseous versus adsorbed storage and 

venting versus non-venting solutions.  

• Development and evaluation of options for hydrogen-

selective membranes using a membrane system developed 

for nuclear-fuel applications. The project team will collect 

hydrogen permeation data in the membrane unit under a 

controlled laboratory environment for the membranes select-

ed. Initial tests will be performed using hydrogen and helium 

gases to obtain hydrogen permeability data.  

Technicians will modify a corrosion test rig as required per test 

plan. Sample coupons will be tested and analyzed. 

The team will also provide technical support for finned-tube 

evaporator modeling, air-side computational fluid dynamic 

simulation, and experimental evaluation. 

This UTD project provides co-funding to a prime contract fund-

ed by the U.S. Department of Energy with the general goal of 

reducing the cost and improving the reliability of residential 

and light commercial-sized GAHPs. 

 
Results  

With the literature review complete, the project team agreed 

upon an experimental test design and execution plan, with 

technicians modifying an existing corrosion test stand to ac-

commodate the unique requirements of this project.  

In 2020 through 2021, the project team initiated and complet-

ed rounds of corrosion testing with the alloy samples. In paral-

lel, university researchers are initiating atmospheric pressure 

testing. 

In order for the test rig to handle the higher NH3 concentration 

while simulating the very cold conditions, a chiller was pro-

cured to actively cool the vessel while filling. The test stand 

can accommodate two vessels operating at once, with a cus-

tom fabricated Teflon sample separated to accommodate four 

samples per vessel. In total, the project team is seeking to test 

a matrix of three alloys, seven treatments, and two NH3 con-

centrations. 

Testing includes bare metal (baseline) and various coatings – 

in total, 96 alloy and 16 low-carbon steel samples. The project 

team reviewed the results and shifted towards the next set of 

alloys for testing.  

 

Status 

Corrosion testing continues, with analysis and reporting antici-

pated to wrap up in the second half of 2021.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

“Succeeding today’s gas furnace and water 
heater are highly-efficient Gas Heat Pumps 
(GHPs) -– the future for space- and hot-
water heating. However, to gain customer 
acceptance, GHPs must be highly reliable, 
similar to a gas furnace with extremely low 
maintenance. One of the critical issues for 
long-term reliability of absorption GHPs is 
the removal of non-condensable gases.  
We’re very pleased that this UTD-funded 
technology development, in partnership with 
U.S. DOE, will further enhance GHP  
reliability.” 

 
- Aqeel Zaidi 
  Supervisor, Technology and Development 
  Enbridge Gas Inc. 
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erating cost savings that more than offset the initial cost 

premium. According to one manufacturer, GHPs reduced 

operating costs by up to 30% and electricity usage by up to 

80% compared to electric heat pumps. Compared to water-

cooled chillers, air-cooled GHPs reduce water use by up to 

17,000 gallons per year for each 15-ton unit. Based on the 

results from a current warm-climate demonstration (UTD 

1.17.G), the Yanmar three-pipe GHP reduced peak electric 

demand by 8 kW (98%) in heating and 10 kW (96%) in cool-

ing as compared to an electric three-pipe VRF. The GHP 

reduced peak electric demand by 11 kW (96%) in cooling as 

compared to an electric multi-zone rooftop unit. 

GHPs have a significant share of the Japanese and Europe-

an space-conditioning markets, and only recently became 

available in the U.S. Yanmar introduced its GHP product line 

to the U.S. in 2016. Yanmar offers a range of VRF systems, 

from 8 to 14 tons. These products are two-pipe systems that 

can operate either in cooling or heating mode. Yanmar’s 14-

ton GHP has a three-pipe heat-recovery VRF system that 

provides simultaneous heating and cooling. 

Project Description 

Gas heat pumps (GHPs) provide efficient space heating and 

cooling using an advanced natural gas engine in place of an 

electric motor. GHP engines have a demonstrated long life 

and extended maintenance intervals of about 10,000 hours.  

GHP heating output is supplemented by heat recovered from 

the engine cooling jacket and exhaust, similar to a combined 

heat-and-power system, increasing overall system efficiency. 

In contrast, electric heat pumps typically require backup 

heating to supplement the heat pump output at low outdoor 

temperatures.  

GHPs combine high-efficiency heating and cooling (1.0-1.4 

coefficient of performance) to significantly reduce peak elec-

tric demand and electricity use with potential savings in oper-

ating and lifecycle costs, as compared to electric variable 

refrigerant flow (VRF) heat pumps or conventional HVAC 

equipment.  

Multiple field demonstrations have reported significant reduc-

tions in electric usage, demand charges, and water use, gen-

A research project is evaluating the performance and economics of the Yanmar 
three-pipe natural gas engine-driven heat pump (GHP) in a cold climate. Researchers 
are targeting a 50% reduction in peak electric demand and a 10% reduction in 
source-energy consumption compared to baseline HVAC systems.  

GHP product images courtesy of Yanmar. 
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With Yanmar’s headquarters in Adairsville, GA, a key initial 

target market is in the Southeast U.S., near existing service 

networks for its marine engines in Georgia and Florida. 

Yanmar’s case study of an Adairsville installation reported an 

estimated savings in operating costs of $17,000 per year.  

As an emerging technology, GHPs face technical and market 

barriers. Compared to electric motors, GHPs require addition-

al engine maintenance for reliable performance and mini-

mized wear. So additional maintenance and establishing ser-

vice networks are other potential barriers for this technology.  

Another potential barrier is engine emissions. While natural 

gas is a very clean-burning fuel for engines, the primary envi-

ronmental concern is NOx emissions.  

An additional current barrier for GHPs include high installed 

costs, which potentially can be offset by savings in operating 

costs. As such, early market targets include public sector cus-

tomers, which are often more willing to accept higher upfront 

costs based on lifecycle cost savings. 

 

Benefits / Market Implications 

End users in facilities and markets such as these can benefit 

from this technology:  

• Multi-zoned commercial buildings, such as office buildings, 

retail, schools, hotels, health clubs, nursing homes, and 

mid/high-rise multifamily residences  

• Facilities that can benefit from lifecycle savings, such as 

commercial offices, government facilities, schools, and 

owner-occupied buildings, and  

• Electric-grid-constrained markets or regions with relatively 

high electricity prices and/or high demand charges.  

This demonstration will help end users assess the value of 

gas engine driven heat pumps while expanding customer 

choices and quantifying the benefits of direct use of natural 

gas in buildings.  

The project team is targeting a 50% reduction in peak electric 

demand and a 10% reduction in source-energy consumption 

(with lower GHG emissions) compared to baseline HVAC 

systems. Researchers are also targeting 20% energy-cost 

savings through reduced demand charges and higher source-

energy efficiency compared to electric heat pumps. 

 
Technical Concept & Approach 

The project team identified an existing Yanmar three-pipe 

GHP installation in Delaware as a potential demonstration 

site. The GHP system will be instrumented to monitor energy 

use and performance.  

The demonstration site will be monitored for a minimum of 

one year. Performance data will be uploaded via a cell phone 

and analyzed to determine monthly energy use. Using meas-

ured and baseline data, researchers will determine net energy 

savings and economics based on natural gas consumption, 

electricity use, and electric demand. A Final Report will de-

scribe qualitative benefits of the technology along with recom-

mendations.  

Deliverables will include a two-page case study highlighting 

key results of the field demonstration, including performance 

and cost benefits.  

Key performance objectives are to: 1) achieve efficient heat-

ing and cooling performance, 2) demonstrate efficient part-

load performance, and 3) demonstrate capacity and efficiency 

under cold ambient conditions. 

 

Results 

The host site submitted the GHP commissioning report, Test 

and Balance report, and runtime data on all eight GHPs in-

stalled on site. Based on the submitted drawings, specifica-

tions, and the runtime data, the project team selected the 

Yanmar GHP-3 to be monitored for the demonstration. The 

GHP-3 was also selected for the demonstration based on the 

indoor fan coil sizes and ease of monitoring. The unit has the 

second highest runtime among the GHPs at 5,768 hours and 

has a total of 10 indoor coils. Also, all the indoor units are 

ducted, which will allow for more accurate measurement of 

return and supply air.  

In 2020 and 2021, the field site for this study did not allow any 

non-essential contractors into the facility due to COVID-19 

concerns. The project team is in discussion to identify an al-

ternate demonstration site. These issues have effectively put 

the project on hold. 

 
Status 

A demonstration plan was completed for GHP-3 at a site in 

Delaware. However, next steps for this project are still impact-

ed by COVID-19. Necessary instrumentation and data acqui-

sition equipment will be ordered when the field site relaxes 

access restrictions or when an alternate demonstration site is 

finalized. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Project Description 

The majority of residential HVAC systems installed are vastly 

oversized, often installed with a 1.5-2.0-times oversize factor. 

Many existing homes would only require “low-load” heating 

systems. Significant improvements in building envelopes (per 

2006 and later codes) have also reduced thermal loads, re-

gardless of climate. As a result, focus on this low-capacity 

product category is essential for the emerging suite of ther-

mal heat pump (THP) technologies.  

Robur Corporation is the most mature manufacturer of resi-

dential-sized sorption-based GHPs, with products available 

in Europe for 15+ years and the U.S. for 10+ years. Robur 

sells GHPs direct to consumers through a distribution net-

work. The company has openly discussed bringing its low-

capacity residential-scale K18 units from Europe to North 

America. However, greater granularity is needed to develop 

seasonal performance metrics and identify best practices to 

optimize its application in a residential forced-air/domestic 

hot water (DHW) combination system.  

In several phases of efforts with the U.S. Department of En-

ergy, the California Energy Commission, and UTD, research-

ers also provided substantial technical and project support to 

Stone Mountain Technologies, Inc. (SMTI), to bring a residen-

tial-scale absorption heat pump (GAHP) to market, based on 

the single-effect vapor-absorption cycle. This effort culminated 

in the placement and maintenance of eight residential field 

test sites, with future placements and the addition of A/C in 

parallel – all focusing on the retrofit size category of 80 MBH 

nominal. A portion of this effort seeks to apply and prove out 

findings and strategies regarding an emerging prototype 

GAHP that is half the size.  

Low-capacity heating systems are broadly classified as those 

with a nominal output of 65 MBH or lower. These systems are 

applicable to new construction, with envelopes built to modern 

codes or to retrofits where envelope improvements and other 

measures are employed. For GAHPs, particularly air-source 

versions, a reduction in design capacity from nominal is ex-

pected, which is commonly about 30% from 50°F down to       

-13°F, thus low-capacity heating systems based on GAHPs 

must consider nominal and design-day heating capacities.  

Cost-effective THPs will be a key linchpin for society and end 

users to meet aggressive energy-efficiency goals. GAHPs are 

very suitable for cold climates due to specific design features 

and the use of NH3 as an efficient refrigerant. Seasonal effi-

ciencies of up to 140% are feasible. These THPs are general-

ly geared towards the retrofit market, replacing furnaces and, 

to a lesser extent, boilers – including water heaters when de-

ployed as a combination system. Considerable resources 

have been applied to develop standard-sized GAHPs for light 

commercial/large residential applications; these efforts include 

design and demonstration of SMTI 80K systems and deploy-

ment of commercially available Robur GAHP-A units. This 

project focuses on low-capacity equipment in order to fill out 

the product portfolio and target new construction applications.  

In summary, the objective for this project is to evaluate and 

optimize the performance of low-capacity GAHPs, specifically 

the Robur K18 (60 MBH) and SMTI 40K (40 MBH) units, 

when applied to residential combination space/water heating 

systems (forced-air heating). How the GAHP performs in addi-

tion to how system parameters are optimally controlled 

(system modulation, space vs. water heating modes, air han-

dler operation, etc.) will be assessed in this experimental  

effort.  

 

This project is evaluating the performance of new low-capacity gas-fired absorption 
heat pumps, specifically the Robur K18 (60 MBH) and SMTI 40K (40 MBH) units.  
The goal is to identify best practices to apply these highly-efficient units in high-
performance residential combination space/water heating systems.    

Robur and SMTI Low-Capacity Gas  
Absorption Heat Pump Laboratory Evaluation 

RESIDENTIAL  AND  LIGHT  COMMERCIAL,  INCLUDING  mCHP 
PROJECT NO. 1.20.A 

SUMMARY REPORT 



Laboratory test rig. 

Technical Concept & Approach 

In this effort, the project team is performing an experimental 

investigation of two low-capacity GAHP systems, with the 

goals of 1) developing high-resolution performance curves 

for estimates of seasonal performance and development of 

high-resolution simulation tools and 2) optimizing GAHP per-

formance as a combination system by developing control 

strategies with off-the-shelf air-handling units and storage 

tanks, and evaluating GAHP reliability during an extended 

operation test in an outdoor environment. Comparative per-

formance and opportunities for further product development 

will be highlighted with GAHP partners.  

Through 24-hour simulated use testing, the goal is for re-

searchers to optimize interaction between GAHP and system 

components (indirect tank, air handler) to improve daily effi-

ciency to be within 10% of seasonal ratings. 

The project team intends to acquire more than 1,000 operat-

ing hours on extended GAHP operation in a test stand in an 

outdoor environment. Results will be disseminated widely 

within utility and HVAC industries in support of future demon-

stration efforts.  

 
Results 

Researchers designed and built two rigs to evaluate the per-

formance of low-capacity GAHP systems. Both testing rigs 

have been commissioned and are ready for testing once the 

K18 GAHP system becomes available, which is  in develop-

ment for North America.  

One rig provides a simulated use with flexible capabilities. 

This testing rig could be used for any low-capacity GAHP 

extended testing in laboratories. Virtual Test Home algo-

rithms for both space and water heating were developed to 

provide 24-hour simulated use. The rig can accommodate 

different hydronic loop strategies. 

In 2021, investigators commissioned the instrumentation and 

data acquisition system for simulated-use testing rigs for low-

capacity GAHP testing.  

 

Status 

Current activities focus on procuring the K18 GAHP, which 

will be one of the first K18 units shipped to North America. 

Benefits / Market Implications 

The primary target markets impacted are as follows:  

• Equipment Type: Air-to-water gas-fired heat pumps, ab-

sorption-type (space heat: forced-air or hydronic; water 

heat: DHW via indirect tank)  

• Application: Residential low-capacity homes and low-rise 

multifamily  

• Climate: Heating dominant, but all apply.  

If the project is successful in developing system-integration 

strategies to optimize low-capacity GAHP operation in high-

performance homes, the industry can anticipate broad rate-

payer benefits, including:  

• Efficiency: Reduction in gas consumption for space/water 

heating by 40% or greater, with nominal incremental elec-

tricity consumption 

• Emissions: Expected 40% or greater reduction in green-

house gas emissions while broadly deploying ultra-low-NOx  

solutions, and  

• Health and Safety: Elimination of indoor air quality and 

venting concerns with combustion outdoors and the broad 

utilization of natural refrigerants.  
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BOOSTHEAT Thermal-Compression-Based 
Gas Heat Pump 

Project Description 

This project addresses the need for cost-effective thermal 

heat pumps (THPs) that provide next-generation perfor-

mance of high efficiency, ability to self-power, and both high-

temperature heat and low-temperature chilling. 

Researchers are investigating THPs that use natural refriger-

ants, but with higher operating efficiencies. One of the prima-

ry players in this field is the French company BOOSTHEAT. 

Through this project, researchers are extending their partner-

ship with BOOSTHEAT (that began with a  third-party evalu-

ations of the BH.20 heat-pump boiler) with a product-

development program in advance of a North American intro-

duction.  

To date, the BH.20 demonstrated a Coefficient of Perfor-

mance (COP) for gas of 1.90 (low-temperature heating) and 

1.63 (high-temperature heating) in third-party testing in Eu-

rope, and is capable of delivering heat at temperatures 

above 150°F. However, as initial testing showed, the BH.20 

was very much optimized for the European residential hy-

dronic heating market and, specifically, the low-temperature 

emitter market. As a result, a direct translation of the BH.20 

to North America, with a wider operating envelope of ambient 

conditions and the requirements of forced-air heat distribu-

tion, will not leverage the full potential of this exciting THP.  

BOOSTHEAT’s core technology is the thermal compressor 

itself. The balance of the BH.20 is comprised of the common 

components of a trans-critical CO2 heat pump (evaporator, 

gas cooler/condenser, and expansion valve). In this vein, 

BOOSTHEAT’s core technology is not unlike the vapor-

absorption and vapor-compression gas heat pumps that use 

these common components as their core technologies. 

BOOSTHEAT’s thermal compressor is essentially a gamma-

type Stirling engine with the power cylinder/piston replaced 

by inlet/exhaust ports.  

The initial evaluation of the BH.20 in 2019 revealed several 

opportunities to improve performance in North America, 

which, by and large, were the result of design decisions for 

the European market and hardware issues in a pre-

commercial prototype.  

The goal of this project is to help develop a North American 

THP  with a focus on 1) high-modulation ratio, 2) integration 

with forced-air distribution, and 3) optionally adding cost-

effective cooling. BOOSTHEAT has partnered with UTD on 

this project to help pave the way for a North American prod-

uct. This UTD project will help BOOSTHEAT address key 

product-development needs.  

 
Benefits / Market Implications 

The primary target markets impacted are as follows:  

• Equipment Type: Water-to-water gas-fired heat pumps 

with outdoor heat exchange (effectively air-to-water) 

• Application: Residential homes and low-rise multifamily 

• Climate: Heating dominant, but all climates apply.  

Research is supporting the development of a high-efficiency thermal-compression-based 
heat pump product for North America with 1) high-modulation ratio, 2) integration with 
forced-air distribution, and 3) optional cost-effective cooling. If successful and deployed 
widely, environmental and ratepayer benefits will be significant.  

BH.20 undergoing laboratory testing in 2019. 

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 
PROJECT NO. 1.20.B 
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Results 

BOOSTHEAT experienced a significant product delay in 

2020 for various reasons. In response, the company ad-

dressed the technical challenges and consolidated staff un-

der a single roof in 2021.  

Researchers expect to receive the latest version of the 

BH.20 unit in the summer of 2021 for additional testing and 

product improvement analysis. In the meantime, the project 

team completed laboratory preparations for testing of the 

BH.20 using a Virtual Test Home (VTH) protocol. The test 

infrastructure is complete, with the remainder of the activity 

focusing on data acquisition and controls setup. The test 

apparatus is undergoing shakedown for testing of a different 

heat pump in advance of the arrival of BOOSTHEAT’s unit.  

 

Status 

Current activities involve a complete shakedown of the test 

apparatus. Researchers are also finishing the control pro-

gram for the VTH test protocol.  

Benefits include: 

• Efficiency: Targeted reductions in gas consumption for 

space/water heating by 60% or greater, with nominal incre-

mental electricity consumption 

• Emissions: Expected 60% or greater reduction in green-

house gas emissions while broadly deploying ultra-low-NOx 

solutions, and  

• Health and Safety: Elimination of IAQ and venting con-

cerns with combustion outdoors, broad utilization of natural 

refrigerants.  

If the project is successful, the BOOSTHEAT THP will be 

better positioned for the North American market and will lead 

into well-crafted pilot projects. If deployed widely in ratepayer 

homes, broad ratepayer and environmental benefits can ac-

crue.  

 
Technical Concept & Approach 

The primary goal of this project is to build on the first-

generation BH.20 testing in 2019 to identify improvements to 

ready the BOOSTHEAT THP for North America, with: opti-

mized air-handler operation, improvement in form factor, as-

sured ultra-low NOx performance, increased modulation, and 

possibly a cooling function.  

The project team seeks to collaboratively develop and imple-

ment changes to the THP with laboratory testing to later sup-

port the introduction of BH product(s) into the U.S./Canada 

through the dissemination of results. 

Researchers will develop design improvements to the THP to 

reduce cycling losses and improve capacity/efficiency loss 

with colder ambient/warmer loop temperatures. 

Researchers will also perform a techno-economic assess-

ment of the BOOSTHEAT prototype vs. alternative technolo-

gies. 
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Completed laboratory test stand. 

“Evaluating emerging and innovative  
technologies is crucial to transforming the 
market for efficient natural gas products. 
The insights provided through this project 
allowed NEEA to fully understand the  
performance, potential, and areas for  
improvement for the BOOSTHEAT BH.20.” 
 

- Aaron Winer 
  Senior Program Manager, Natural Gas 
  Northwest Energy Efficiency Alliance 
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Gas-Fired Binary-Fluid  
Ejector Heat Pump Water Heater 

Project Description 

This project is modeling, designing, and building prototypes 

of a gas-fired ejector heat pump water heater (GFEHP). This 

first-of-a-kind heat pump uses a novel cycle that combines a 

binary-fluid ejector and sorption subsystem into one high-

efficiency cycle. The technology integrates several compo-

nents that are thermally and hydraulically coupled. The over-

all objective is to develop and demonstrate GFEHP technolo-

gy at 12,000 Btu/hr (3.5 kW) capacity in the laboratory, and 

achieve a COP of 2.0. 

The project is a collaboration among UTD, the U.S. Depart-

ment of Energy’s (DOE) Oak Ridge National Laboratory, the 

University of Missouri (MU), and ThermAvant Technologies. 

MU’s Center of Thermal Management has a range of equip-

ment and facilities that meets the needs for successfully de-

veloping and evaluating the performance of ejector units, thin

-film evaporators, and heat pumps. ThermAvant Technolo-

gies is a developer and provider of ejector heating/cooling 

systems and phase changebased thermal products.   

Accurate models of the oscillating heat pipes, binary-fluid 

ejector, and absorption characteristics are critical to the ther-

mal and hydraulic design and control of the heat pump to 

meet the energy-efficiency target. The project will validate 

these individual models before integrating them into a sys-

tem-level model and building a prototye.  

The sum of the costs of the GFEH system parts are ex-

pected to be comparable to the cost of a conventional com-

pressor and expansion valve. Researchers are confident 

that, at maturity, a water heater based on the GFEHP pump 

will cost the same as, if not less than, current commercial 

premium-efficiency water heaters.  

UTD’s funding is being leveraged by approximately $1.9 mil-

lion in prime funding from the DOE.  

 
Benefits / Market Implications 

The primary target markets impacted for GFEHP will be resi-

dential, multifamily, and light commercial water heating. The 

GFEHP has a target gas COP of 2, which translates into an 

energy factor (EF) of 1.4 and primary energy factor (PEF) of 

1.25 if the burner is non-condensing and its storage tank is 

not well insulated. With a well-insulated tank and condensing 

burner, the GFEHP can have an EF of 1.8 and PEF of 1.65. 

State-of-the-art gas-fired water heaters have a thermal effi-

ciency of 0.98, which translates to a <1 EF and a <0.9 PEF.  

The GFEHP is expected to be twice as efficient as the state-of

-the-art product on a primary energy basis (e.g., tankless  

water heaters and electric heat pump water heaters). Com-

pared with an electrically-driven vapor compression heat 

pump water heater, the GFEHP replaces the compressor and 

the expansion valve with an ejector, additional heat exchang-

ers, and an oscillating heat pipe. A cost comparison indicates 

that it is possible to meet cost targets of $4,000.  

Water heating is a source of significant primary energy con-

sumption in U.S. (second in buildings only to space heating). 
There are approximately 60 million minimum-efficiency gas 

water heaters in U.S homes, responsible for 2.86 quads of 

primary energy consumption and an annual expenditure of 

around $32.6 billion. As improving building envelopes reduce 

space-heating loads and more high-efficiency warm-air fur-

naces are installed, water heating represents a growing pro-

portion of the residential gas load. Despite this, the majority of  

natural-gas-fired residential water heaters sold in the U.S. and 

Canada are minimum-efficiency gas-fired storage water heat-

ers with an average EF of about 0.60. The GFEHP technology 

will provide high efficiency as a retrofit option to all existing 

gas water heaters and the 9.1 million homes that currently  do 

not use natural gas in water heating but have gas availability. 

As new houses become more efficient, innovative gas solu-

tions such as GFEHP water heating can provide more low-

cost and high-efficiency heating options for gas ratepayers.  

Research is being conducted to develop and demonstrate a prototype gas-fired  
binary-fluid ejector heat pump (GFEHP) water heater that provides 12,000 Btu/hr 
(3.5 kW) capacity, achieves a COP of 2.0, and shows an attractive value proposition 
for gas consumers.  

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 
PROJECT NO. 1.20.E 

SUMMARY REPORT 

Schematic of ejector heat pump system.  



• Support the Design of an Alpha Prototype  

The validated system model and information gained from 

the breadboard evaluation will be used to design an alpha 

prototype of the GFEHP.  

• Techno-Economic Study  

The goal of this task is to support commercialization by 

assessing the value proposition and the potential of a 

GFEHP water heater. To do so, the first cost at maturity of 

the GFEHP (based on the alpha design) will be estimated. 

Energy building simulations will be performed to highlight 

the territories (climate zones and utility rates) with the high-

est potential. The analysis will also suggest pathways to 

market introduction. 

 
Results 

In 2020, the project team provided additional guidance on 

burner design. Researchers recommended a radiant-type 

burner, which is the only technology to achieve ultra-low-NOx 

emissions without sacrificing efficiency. The recommended 

designs were based on the following parameters: 1-5 kW fuel 

heat input, 30 W/cm2 nominal firing rate, and 3.5:1 turndown 

ratio. The heat pump will be designed for rated heating ca-

pacity range of 5-10 kW, up from the original design target of 

3.5 kW.  

Other off-the-shelf and prototype burners considered includ-

ed a metal fiber mesh burner, a permeable metal matrix 

burner, and volumetric and flat-metal foam burners. Investi-

gators also analyzed the option of using a thermoelectric 

generator (TEG) in combination with a radiant burner for self-

powering of some components of GFEHP.  

A report titled Product Characterization Criteria Brief was 

compiled that summarized the applicable efficiency stand-

ards and emission requirements for commercialized and  pre

-commercial gas and electric water heaters. The report also 

looked at the existing and potential markets for high-

efficiency waters heaters. Recommendations related to tar-

get cost and physical characteristics of the GFEHP water 

heater were provided.  

 

Status 

The research team is finalizing the burner design and will 

begin designing and developing the heat-exchanger system 

between the flue gas and the working fluid.  

Technical Concept & Approach 

Specific tasks for this project include: 

• Identify System Architecture and Product Specifica-

tions  

The project team will develop a conceptual design of the 

GFEHP. Thermodynamic modeling will be used to ensure 

that the targeted thermal efficiency metrics are feasible. 

Investigators will conduct a sensitivity analysis to identify an 

envelope of efficiency targets for each sub-system in order 

to ensure that the product meets the overall system effi-

ciency target. In parallel, researchers will compile a product 

characterization list that sets targets for the final water 

heater product (e.g., footprint, envelope, venting require-

ments, and maintenance requirements) The project team 

will then develop a system architecture that specifies the 

required components, their efficiency target levels, and how 

they are integrated.  

• Design, Manufacture, and Test of the Combustion   

System  

The project team will develop an ultra-low-NOx, high-

efficiency, low-cost manufactured burner that will be used 

in the prototype system. Thermal requirements of the com-

bustion system will be derived from the product characteri-

zation list and from the high-temperature evaporator de-

sign. A burner design will be developed based on the tar-

geted burner efficiency and required combustion capacity.  

• Assemble the Combustion System into the Breadboard 

Prototype, Characterize its Performance, and Validate 

the Model  

In this task, combustion sub-systems will be integrated with 

other required components to form a breadboard prototype 

of the proposed GFEHP. The goals of building and evaluat-

ing this prototype are to 1) experimentally prove the poten-

tial of the GFEHP and 2) validate the system model. The 

breadboard will provide valuable information on the charac-

teristics of the GFEHP as a system. Information gathered 

from the breadboard will support the design decisions for 

an alpha prototype. Planning the sub-system integration 

will be a continual process based on the progress of the 

design of each sub-system.  
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Rich Kooy, P.E. 
Vice President, Operations 
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- Steve Roberson 
  Technical Analyst 
  Spire Energy 

“Innovative next-generation technical solutions 
like the gas-fired binary-fluid ejector heat  
pump water heater can double the efficiency  
of standard water heaters while greatly reducing 
related emissions. UTD’s partnering with the 
U.S. DOE, MU, ORNL, and ThermAvant brings 
a strong team to deliver significant efficiency 
gains from this exciting technology, while  
ensuring cost-effective solutions for the  
customers we serve!” 
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Emerging Residential/Commercial Fuel Cells 
Laboratory Evaluation 

Project Description 

The micro-CHP (Combined Heat and Power) market in North 

America has seen a very significant uptick in new products or 

product positioning. Contributing to the market interest are 

diverging energy rates, the demand for energy resilience, 

and major federal programs that have made advancements 

in fuel-cell technologies.  

The goal of this project is to evaluate the merits of residen-

tial/commercial-scale fuel-cell systems less than 50 kW and 

prioritize them in terms of North American market fit and 

readiness. Systems were selected for further evaluation in 

the laboratory to characterize power/thermal capacities, effi-

ciencies, and qualities, as well as modulation and cycling 

capabilities. Laboratory research on these fuel-cell systems 

focuses on achieving high  electrical efficiencies and near-

zero emissions. This research will help increase highly-

efficient, environmentally-responsible options for natural gas 

and propane end users in the residential-commercial sector. 

UTD partnered with the Propane Education and Research 

Council (PERC) on this research, with PERC providing co-

funding to UTD.  

Benefits / Market Implications 

The primary target markets impacted are:  

• Residential and light-commercial applications, especially in 

areas where net-metering is allowed and in support of Zero 

Net Energy homes, Zero Energy Ready Homes, and High-

Performance Building initiatives/sectors, and  

• The California micro-CHP (mCHP) market supporting possi-

ble California Air Resource Board distributed generation 

certification.  

Fuel cells can offer key potential advantages in mCHP appli-

cations. The economics of fuel cells are less dependent on 

the effective use of recovered thermal energy than other 

mCHP prime movers, such as reciprocating engines, because 

they have higher electrical efficiencies. As such, they produce 

more power than thermal energy (high power-to-heat ratio), 

displacing electricity, which is at least three times more ex-

pensive on an equivalent energy basis than thermal energy.  

Fuel cells can also generate electricity with a hydrogen-rich 

fuel source, and when pure hydrogen is used, the only by-

Researchers are evaluating the merits of residential/commercial-scale fuel-cell systems 
less than 50kW and prioritizing them in terms of North American market fit and  
readiness. This will help increase highly-efficient, environmentally-responsible options  
for natural gas and propane end users in the residential/commercial sector.  

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 
PROJECT NO. 1.20.F 

SUMMARY REPORT 

Upstart solid oxide fuel cell integrated with rooftop photovoltaics and electricity storage. Image credit: Upstart Power, Inc. 



• Data Analysis, Reduction, and Reporting  

The project team will determine maximum steady-state 

power and thermal capacities, and assess transient perfor-

mance of the system at various loads and conditions. This 

will help characterize the potential performance of the sys-

tems for residential and commercial applications.  

The key deliverable for this project will be a report that docu-

ments the current fuel-cell market landscape for propane  

and natural gas, and the performance of selected natural- 

gas fuel-cell systems. If successful, researchers and manu-

facturers will develop prototype field evaluations or demon-

strations.  

 
Results 

In 2020, researchers completed a micro-CHP fuel-cell market 

landscape assessment with 16 fuel-cell systems based on 

technologies identified for residential/commercial CHP appli-

cations. The merits of these systems were evaluated based 

on electrical efficiencies, prior interactions with respective 

manufacturers, successful field demonstrations, and North 

American market fit. Seven systems were selected for poten-

tial further evaluation in the laboratory.  

In 2021 the project team received three ~1kW solid oxide 

fuel-cell systems for testing. Test plans are in place and la-

boratory infrastructure build-out is complete. Each fuel cell 

can serve single-family or multifamily applications but are 

unique in their designs and energy loads they serve. The first 

one to be tested is designed to integrate with photovoltaic 

(PV) panels and battery storage, providing a combination of 

renewable and fuel-fired electricity on or off grid. The second 

one is designed as a traditional CHP system where heat is 

recovered for preheating a small boiler. 

 

Status 

Investigators are evaluating systems in the fuel-cell testing 

laboratory.   

product is heat and water, thus yielding zero emissions. While 

most hydrogen is currently produced from fossil fuels 

(specifically natural gas), electricity from renewable sources is 

projected to produce substantial amounts of hydrogen. As 

hydrogen blending becomes more prevalent, fuel cells could 

be an important technology to serve hydrogen-rich on-site 

power applications.  

The biggest challenges for fuel cell technologies are: their high 

costs relative to other mCHP technologies; fuel-cell stack deg-

radation; and inabilities to modulate or cycle on and off quickly 

and frequently. These are prime factors in evaluating and pri-

oritizing fuel cell types that are best positioned for the North 

American market.  

 
Technical Concept & Approach 

Researchers conducted a fuel-cell market landscape assess-

ment. Based on market fit and feasibility, two fuel-cell systems 

were selected for evaluation. Investigators are conducting 

those evaluations in the Fuel Cell Laboratory at Gas Technol-

ogy Institute (GTI), which designed for standardized testing 

such as those defined by the ASHRAE Method of Test for 

Rating Micro Combined Heat-and-Power Devices. Additional-

ly, it is equipped with emission analyzers for developing base-

line emission rates produced by the mCHP systems.  

Specific project tasks include: 

• Fuel Cell Market Landscape Evaluation  

Researchers evaluated the merits of residential/commercial-

scale fuel-cell systems less than 50kW and developed a 

prioritized list of at least 10 fuel-cell systems.  

• Procure Fuel Cell System and Develop Test Plans  

Through UTD research project 1.13.D, UTD assisted the 

consensus development of ASHRAE Standards Committee 

SPC204. Through SPC204, a formalized Method of Testing 

was released to the public and will be used as a guide for 

formulating a rigorous test plan with the fuel-cell manufac-

turer. The systems will be evaluated on- and off-grid as CHP 

and distributed-generation devices. The main objective of 

the evaluations will be to assess the performance and en-

durance of the fuel-cell units as well as their ability to rapidly 

cycle on and off operating on pipeline-quality natural gas for 

validation of the pre-production prototypes.  

• Fuel Cell Test setup, Installation and Testing  

Test plans were implemented for both fuel cells. The sys-

tems will be evaluated on a two-week test schedule con-

ducted 18 times across nine months and will include polari-

zation mapping, part-load performance, stack durability, 

stack power cycling, long-term emissions, and stack deep 

cycling.  
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High-Efficiency Combustion System 
Integrating PV and Self-Power 

Project Description 

Integrated energy systems (IES) are an emerging approach 

to provide self-powered HVAC and water heating that inte-

grates fuel-fired and electrically-powered equipment with 

distributed energy resources (DER) and energy storage.   

This project takes a hybrid integrated-systems approach that 

combines available commercial products with advanced con-

trols to minimize life-cycle costs while maximizing system 

comfort and resilience. Researchers are investigating hybrid 

IES designs and approaches that serve to balance energy 

grid supply and demand, while exploiting multiple energy 

resources in ways that improve overall operating cost and 

efficiencies, minimize emission levels, and provide resilient 

systems in the built environment.  

The objective is to develop and demonstrate a hybrid self-

powered residential combined HVAC and water-heating sys-

tem in the laboratory that integrates gas/electric systems with 

micro-combined heat and power (mCHP), energy storage, 

and renewable energy in order to reduce operating costs and 

greenhouse gas emissions by up to 50% and achieve resili-

ent, highly-efficient HVAC and water heating. By integrating 

commercially-available equipment in a unique way, the IES 

demonstrated in this project can have a quick and substantial 

market impact. 

IES includes a myriad of potential equipment combinations, 

including traditional furnaces, water heaters and heat pumps, 

on-site power from small-scale CHP and photovoltaics (PV), 

as well as electrical and thermal energy storage. Individually, 

these systems have key attributes. However, when operated 

in isolation the equipment can only provide those attributes 

some of the time. The project team is taking a comprehensive 

approach – including laboratory studies, modeling, and field 

research –  which so far indicates that proper configuration 

and control of these systems, and when grid-connected, can 

demonstrate far better performance than when isolated. In 

addition to gaining an in-depth understanding of individual 

equipment performances through extensive simulated use 

testing, researchers are examining different approaches to 

integrate various off-the-shelf equipment components by sim-

ulating the complex interaction of multiple energy systems 

within single buildings as well as the greater grid.  

Researchers are demonstrating a hybrid residential combined HVAC and water-heating 
system that uses novel controls to integrate gas/electric systems with micro-combined 
heat and power, energy storage, and renewable energy to reduce operating costs and 
greenhouse gas emissions by up to 50%.    

Laboratory facility used to demonstrate and test novel integrated energy systems. 

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 
PROJECT NO. 1.20.G 

SUMMARY REPORT 



• Implement hardware-in-the-loop test protocol  

The research team will evaluate and implement a test pro-

tocol inside the IES laboratory. Modeling software will be 

evaluated for speed and accuracy in co-simulating building 

models and hardware interface capabilities. The tool that 

provides the fastest integration and hardware communica-

tion will be built into the VTH test protocol. This new func-

tionality will enable co-simulation of a building model as 

the hardware operates, permitting real-time interaction 

between the building model and HVAC.  

 
Results 

A residential integrated energy system testing facility was 

built and achieved two key performance markers: 1) Com-

bined space- and water-heating-efficiency improvements 

>90% efficient down to 5 MBH heating load using prototype 

off-the-shelf air handler and components, and 2) systematic 

integration of forced-air tankless/air-source heat pump com-

bis to achieve source energy coefficient of performance 

(COP) >1.0 with advanced configurations and controls.  

The prototype performance matches best-in-class advanced 

combi performance. More importantly, the prototype is IES-

ready where an electric heat pump and onsite power are 

already installed and the control logic is being developed for 

integration.  

The VTH performance-based modeling determined signifi-

cant energy, cost, and emissions-related savings are possi-

ble with the hybrid self-powered system compared to a tradi-

tional 95%-efficient furnace. Modeled estimates for seven 

different climates were developed.  

Findings indicate specific IES designs can achieve self-

powered space heating/cooling and water heating at annual 

COP greater than 1.5 on a source energy basis with 30% to 

50% less operating costs and similar greenhouse gas emis-

sions savings than with separate code-compliant equipment 

in various climates.  

 

Status 

To date, researchers demonstrated self-powered HVAC and 

water heating with the IES operating with the AISIN 

COREMO 1.5kW mCHP system, a 1.5-ton Air-Source Heat 

Pump (ASHP), and an advanced combi system. A nano-grid 

controller was designed, fabricated, and implemented to con-

trol the system.   

Benefits / Market Implications 

The primary target markets impacted are:  

• Single-family residences, including multi-unit townhomes 

with forced-air HVAC in all climates  

• New or retrofit installations, especially where HVAC and 

water-heating reliability is desired  

• Combined space- and water-heating systems using con-

densing tankless water heaters less than 199MBH input, 

and 

• mCHP systems less than 10kW.  

New advanced gas forced-air combi technologies are emerg-

ing that can improve gas space-heating performance at very 

low loads by controlling water and air flows.  

Current mCHP systems are still a niche product in North 

America, partially due to historically high initial costs, difficulty 

in matching thermal and electrical loads, and the complexity 

of distribution and installation. For many mCHP applications, 

producing only hot water and electricity is not enough to cur-

rently make these products viable in the marketplace. Howev-

er, if the mCHP system can produce electricity for space cool-

ing and thermal energy for dehumidification, it provides a far 

better payback in more applications while also accelerating 

the amount of renewable but peaky PV that can be integrat-

ed. 

 
Technical Concept & Approach 

The project team will conduct research in an Integrated Ener-

gy Systems Laboratory and use Virtual Test Home (VTH) 

methods to perform simulated-use evaluations.  

Specific tasks include: 

• Prepare overall test plan and procure all equipment  

The project team will procure the entire system as neces-

sary. A test plan will be developed to answer a variety of 

research questions regarding the ability to achieve high 

efficiencies and system integration concerns. 

• Design and build a combi system and test setup  

Testing will be conducted using VTH methods. VTH data 

will be reduced to 24-hour load-versus-efficiency profiles. 

These performance curves will be used to validate that the 

system can consistently meet the efficiency goals. As with 

all VTH data sets, they will be used to develop performance 

curves that can be used in building energy modeling soft-

ware to predict energy savings from the various systems.  

• Design and build integrated system and test setup  

Advanced controls will be developed to achieve the re-

quired performance.  
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Project Description 

A number of researchers worldwide are investigating the 

impacts of hydrogen blending in fossil or renewable natural 

gas on end-use equipment safety and performance, general-

ly for low blends (<20% by volume). While hydrogen as a 

fuel presents a number of challenges to existing combustion 

equipment, an emerging consensus suggests that with low 

blends are suitable for existing equipment.  

A primary supplier of 100% hydrogen-compatible equipment 

notes that as the company developed a custom domestic 

boiler, it found that for blends of 20% to 50% hydrogen re-

quires modifications to flame supervision (controls), and 

there are concerns with reliability. With this UTD project, 

researchers will initially build on existing partnerships to ac-

quire and evaluate the performance of the 100% hydrogen-

compatible boilers, gas valves, combustion blowers, burners, 

gas meters, and other key equipment.  

Technology demonstrations and pilots are under way in Eu-

rope, where natural gas is predominantly used for heating. 

However, renewable energy production is high, primarily 

since imported natural gas prices are high, and environmen-

tal requirements are strict. Through these efforts, several 

products are undergoing development and demonstration, 

from domestic boilers to cooking ranges and their associated 

combustion components, that can safely and efficiently utilize 

up to 100% hydrogen fuels. This project seeks to build on 

these efforts through extended technology transfer, while de-

veloping an R&D roadmap for hydrogen-blend compatible 

equipment in North America, with an initial focus on >50% 

hydrogen blending by volume. 

The specific project goals are three-fold:  

1. Build a hydrogen-blend test station demonstration and 

experimental test station and use it to evaluate the perfor-

mance of hydrogen-compatible prototypes, products, and 

components from an emerging network of global develop-

ers  

2. Develop a R&D roadmap to identify and address gaps 

and opportunities with high-hydrogen-compatible station-

ary combustion equipment, and 

3. Use the new hydrogen-blend experimental test station to 

disseminate and demonstrate technology, including host-

ing outreach events to a wide range of stakeholders. 

The goal of this project is to adapt and demonstrate solutions to use hydrogen 
blends in residential and commercial combustion equipment. Researchers will 
demonstrate multiple solutions in a controlled laboratory environment, and  
leverage findings from other researchers globally in a coordinated manner. 

Hydrogen-Blended Gas in Residential/Commercial 
Combustion Equipment 
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stration of high-hydrogen-compatible equipment, the pro-

ject team will additionally evaluate the efficacy of compo-

nents, including gas valves and meters. 

• Roadmapping and Outreach  

The project team will prepare and issue a R&D Roadmap 

for North American Residential/Commercial Equipment 

Compatible with Up to 100% Hydrogen Content Fuels. 

One or more outreach events will be held, targeting inter-

ested manufacturers, utilities, regulators, and advocates. 

 
Results 

In 2020, researchers coordinated with manufacturers of key 

hydrogen-capable components and combustion systems. 

Within this group, several appliance manufacturers dis-

cussed approaches to operating with hydrogen blends, up to 

60% in most cases and 100% in some.  

Hydrogen-compatible flow sensors were acquired and project 

representatives engaged a partner for a hydrogen/natural 

gas automated mixing station.  

In 2021, the project team developed a comprehensive review 

of hydrogen demonstrations in Europe and Asia that included 

end-use customers, including materials from the EU-based 

THyGA project, adapting some of the timely findings for a 

February UTD member webinar. Additionally, researchers 

actively coordinated with other North American hydrogen 

studies and testing efforts.  

 

Status 

Researchers are finalizing the test plan, including specifying 

subject equipment and design/fabrication plans for a test rig. 

Benefits / Market Implications 

This research seeks to benefit some of the greatest number 

of residential and commercial end users:  

• Equipment Type: End-use equipment for residential and 

commercial buildings, with an initial focus on major equip-

ment classes (e.g., furnace, boiler), and 

• Application: Residential and commercial heating equip-

ment with an ancillary focus on components, distribution, 

and other product categories. 

This project initiated a significant technology-transfer effort 

with several leading global technologists to demonstrate high-

hydrogen-compatible equipment and lay out a path for wider 

utilization of hydrogen in North America. If successful, the 

industry could anticipate broad ratepayer benefits, including:  

• Emissions: Up to 100% reduction in the carbon emissions 

associated from natural gas consumption, and 

• Health and Safety: Reduction or elimination of carbon-

based emissions, including carbon monoxide and trace 

contaminants.  

 
Technical Concept & Approach 

Specific tasks include: 

• Test Planning and Equipment Procurement  

The project team will design, develop, and fabricate a high-

hydrogen fueling test station, including installation and cali-

bration of necessary safety sensors and equipment in con-

sultation with European partners with equivalent test sta-

tions. The research team will seek guidance from interna-

tional product manufacturers, research organizations, and 

certification laboratories.  

• Experimental Evaluation of High-Hydrogen-Compatible 

Equipment  

Researchers will install and evaluate the performance, effi-

ciency, and emissions from five or more components. For 

combustion components, investigators will evaluate the 

potential for reduced NOx emissions. Through the demon-
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Membrane-Based Ionic Liquid Absorption 
Heat Pump for Commercial HVAC 

Project Description 

Commercial building owners often use natural gas in build-

ings with forced-air-type HVAC equipment (e.g., rooftop 

units, or “RTUs”) as the primary means of heating and cool-

ing. The U.S. Department of Energy’s Advanced RTU Cam-

paign estimates that more than 60% of commercial building 

area is conditioned by RTUs, either processing makeup air, 

mixed outdoor/makeup air, or as a dedicated outside air sys-

tem (DOAS) configuration.  

For RTUs to process outside air to remove moisture, vapor 

compression systems must overcool air to saturation condi-

tions. This is a thermodynamically-inefficient process, partic-

ularly in the DOAS application in which cooled air is often 

reheated. The ability to directly remove moisture from air, 

without cooling it, would enable more efficient HVAC sys-

tems capable of separate sensible and latent cooling. This is 

the case when latent load constitutes the majority of the ven-

tilation load.  

For this project, a research team is focusing on developing a 

highly-efficient gas-fired absorption cycle with combined de-

humidification and heat-pump functions. The system can use 

ventilation or indoor humidity load for water and/or space 

heating.  

Specifically, the system is enabled by:  

1. An absorption cycle that allows combined dehumidifica-

tion and heating 

2. Non-crystallizing ionic liquids that allow double-effecting 

the cycle and operating at elevated temperatures     

(~160°C) without costly materials 

3. Compact membrane-based absorber which contains ionic 

liquids and directly cooling for a high system coefficient of 

performance, and 

4. Novel, highly-integrated, double-effect desorber conden-

ser designed to reduce size, weight, and cost.  

The goal is to develop an innovative thermally-driven cooling 

technology for commercial HVAC and demonstrate it in a pro-

totype ultra-high-efficiency DOAS RTU. This technology is 

centered on a compact membrane-based heat and mass ex-

changer with no desiccant entrainment. The compact size 

permits easy retrofit into existing building infrastructures. Re-

generation of the system is driven by efficient heating (natural 

gas, propane, waste heat, solar, etc.).  

End users who can benefit from this technology include those 

that: use DOAS for dehumidification combined with building 

zones reheating and/or hot-water supply; handle indoor hu-

midity in tight buildings combined with ventilation air and/or 

space heating in winter; handle humidity in indoor pools com-

bined with pool water and/or space heating; and others.  

This project is developing an innovative thermally-driven cooling technology for  
commercial HVAC applications. The technology will be demonstrated in a prototype 
ultra-high-efficiency dedicated outdoor air system. At the core of the equipment is a 
novel, scalable absorption system centered on a compact membrane-based heat and 
mass exchanger for retrofit HVAC equipment.  
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RTUs developed through from prior R&D.  



Results 

In 2020, researchers performed limited Computational Fluid 

Dynamics modeling and analysis to provide insight into fuel/

air side impacts on the hot-side components and completed 

design activities. Initial design meetings were held to discuss 

product definition challenges and preliminary designs for the 

desorber/condenser. To date, simulation using ionic liquid 

thermophysical properties has indicated that a direct-fired 

desorber/condenser is feasible and worth experimental in-

vestigation.  

The codes-and-standards analysis did not identify any possi-

ble non-technical barriers to DOAS RTU system design and 

deployment that could not be addressed.  

In 2021, in support of the detailed design of the desorbers 

and condensers, a study was completed regarding the im-

pact of direct firing the desorber, concerning capacity, hot 

spots (material reliability), and other factors. Bench-scale 

testing was used in the boundary conditions of the modeling. 

With this phase complete, the project team has since moved 

on to design and fabricate the mockup desorber in order to 

experimentally validate this design approach.  

The simulations were performed based on input geometry 

and heat transfer parameters as well as past experience with 

direct-fired heat exchangers.  

The overall heat-transfer efficiency from the flue gas to the 

ionic liquid solution appeared to be very high for all scenarios 

considered based on results from the simulations. Calcula-

tions from first principles yielded maximum potential heat 

transfer efficiencies in the range 75%-81%.  

Increasing the number of plates and inlets, and transitioning 

to a pool boiling-only scenario resulted in a rapid decrease in 

the area fraction of hot spots and peak hot-spot temperatures 

on the heat-exchanger surface.  

 

Status 

The project team is completing the fabrication and experi-

mental investigation of the desorber/condenser combustion 

system evaluation in the laboratory. 

Benefits / Market Implications 

If successful in developing this advanced technology, the 

project team projects several benefits, including an increase 

in heat pump energy efficiency, a reduction in peak electrical 

power consumption, and an increase in the energy efficiency 

of liquid-desiccant-based latent cooling cycles.  

The system is based on a compact, efficient latent cooling 

cycle for separate sensible and latent cooling applications, 

which can improve indoor air quality at a lower cost. Esti-

mates indicate a potential 85% reduction in operating costs. 

 
Technical Concept & Approach 

• Proof-of-Concept System Integration and Testing  

Experts provided commercial HVAC advice to the team 

during the initial product definition, competitive assess-

ment, and determination of operating conditions. Addition-

ally, researchers performed a codes-and-standards analy-

sis to identify any possible non-technical barriers to DOAS 

RTU system design and deployment.  

Researchers evaluated the technical feasibility and com-

parative performance of options for direct (preferred) and 

indirect-fired (steam/oil) desorbers. The team designed and 

is fabricating “simulators” for the desorber(s) to evaluate 

multiple combustion system design options and to assess 

the ability to meet or exceed performance and emission 

targets.  

• System Integration and Testing  

An experimental test plan was developed, and the team is 

constructing a simulator test rig, procuring cost-effective 

options for the combustion system (burner, gas valve/

controls, ignition system, blower/inducer), and planning to 

shakedown the test rig. Investigators will compare the per-

formance of each system combination in support of meet-

ing performance and emission targets, and make initial 

recommendations to the project team to proceed to system 

prototyping.  

The project team will fabricate updated “simulator(s)” to 

reflect the final desorber design(s) and install them within 

the experimental test rig.  

• System Test  

With the prototype installed in the laboratory, researchers 

will perform a shakedown to assure the RTU, instrumenta-

tion, and controls are all functioning correctly. The ability of 

the test rig to create and sustain the desired environmental 

conditions will also be verified.  
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Integrated mCHP System for Multi-Family Buildings 

Project Description 

In this project, strategies to optimize the integration of best- 

in-class electric heat pumps with a near-zero emission (NZE) 

micro-combined heat-and-power (mCHP) system are being 

developed to provide economical, resilient, high-efficiency 

advanced gas-fired solutions in cold climates.  

Laboratory performance characterization and optimization of 

efficient mCHP integrated with cold-climate heat pumps and 

thermal storage management will help increase low-cost, 

reliable energy solutions to consumers. 

Superior system-based solutions such as this integrate natu-

ral gas and renewable energy, especially when coupled with  

low-energy building construction strategies and tighter build-

ing envelopes. 

The goal of this new project is to demonstrate and optimize 

an mCHP unit in a multi-family scenario when coupled with 

best-in-class electric heat pumps responding to individual 

homes’ heating and cooling demands. With integrated smart 

thermal storage and management capabilities, the system 

being evaluated will operate as an advanced integrated sys-

tem with annual gas efficiencies greater than 130% for heat-

ing, cooling, and hot-water loads, while providing the high 

resiliency of on-site power generation, and reducing operating 

costs and greenhouse gas emissions down to 30% in cold 

climate zones.  

Specific project objectives are to: 

• Integrate communications functions with variable-speed 

compressor electric heat pump operation and an mCHP 

system power lead-mode for space heating and cooling.  

• Right size thermal storage and manage hot-water produc-

tion for the mCHP system when installed in a multi-family 

application, and  

• Characterize space- and water-heating and space-cooling 

part-load performance.  

A project team is demonstrating and optimizing the use of an mCHP unit in 
a multi-family scenario when coupled with best-in-class electric heat pumps. 
With integrated smart thermal storage and management capabilities, this  
advanced gas-fired integrated system could provide annual gas efficiencies 
greater than 100% for heating, cooling, and hot-water loads, while also  
increasing resiliency.  

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 
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Results 

In 2020, a research team created a test plan to evaluate the 

mCHP system as an integrated system with cold-climate, air-

source heat pumps for multi-family building heating, cooling, 

and water-heating applications. This test plan required sizing 

the system and designing control strategies to maximize sys-

tem efficiency.  

This mCHP integrated energy system concept consists in a 

centralized water-heating system with simultaneous hydronic 

and heat-pump heating/cooling. This system is expected to 

perform in cold-climate regions with gas efficiencies greater 

than 130% in cold climate zones.  

The team procured the system components, instrumentation, 

and piping, and is currently building the system assemblies. 

The mCHP and its auxiliary components are set in place, and 

the power distribution and monitoring panels and data acqui-

sition system rack have been built. Virtual Test Home algo-

rithms for both space and water heating have been devel-

oped and readied for this project. 

In 2021, technicians built the hydronic- and power-system 

infrastructure to interconnect the system for multi-family 

space-conditioning and water-heating applications for simu-

lated use on a four-unit multi-family building. 

 

Status 

Next steps include installation of the mCHP gas and vent 

lines; installation of  heat pumps and air-handler systems, 

and  commissioning of the mCHP system.  

Benefits / Market Implications 

NZE homes are often perceived as feasible only with all-

electric HVAC and domestic hot water provided by electric 

heat pumps powered by on-site PV power generation. How-

ever, advanced mCHP integrated systems could provide simi-

lar or lower emissions at lower operating costs with superior 

energy resiliency while also directly integrating PV energy. 

A reliable and efficient mCHP system, when properly integrat-

ed with best-in-class heat pump heating/cooling, can provide 

numerous benefits. Demonstrating its feasibility can inform 

consumers, homebuilders, manufacturers, and other stake-

holders about the benefits for end users and the environment 

of integrated energy systems.  

 
Technical Concept & Approach 

This project will initially develop a test plan. Subsequent la-

boratory evaluations will properly select the multi-family home 

as a test case for the multi-family system. 

The advanced gas-fired integrated system will be evaluated 

in a Virtual Test Home for 24-hour periods to identify the 

weaknesses and strengths in specific climate zones. System 

performance will be characterized for building energy model-

ing to further evaluate multi-family home sizing, operating 

cost, and greenhouse gas emissions for all U.S. climate 

zones.  

Building models will be developed for multi-family gas/

renewable homes in different climate zones. 

Researchers will quantify emissions, operating cost, and en-

ergy-consumption reduction relative to the all-gas and all-

electric baselines.  

Results will be communicated to industry stakeholders, in-

cluding building professionals and hybrid residential HVAC-

solution manufacturers.  

The research team will identify the preferred characteristics of 

the types of multi-family buildings that would be best suited 

for a field installation validation in a subsequent potential 

Phase 2 effort or non-UTD-funded effort.  
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In Phase 1 of this project, researchers evaluated the Power-

Plant HA65 system to confirm performance and develop in-

formation to support market entry. It is now a commercially-

available system. The second product is the PowerPlant H24 

(formerly the PowerFurnace™), which is a CHP-only (no 

cooling) system designed around the same platform as the 

PowerPlant HA65. It is GRIDIRON’s go-to-market target price 

at less than $2,000/kW for the PowerPlant HA65 that would 

make it at an extremely competitive mCHP product. However, 

one issue that arose with the PowerAire was that its emission 

levels were higher than competing technologies. 

This project is focused on evaluating the PowerPlant H24 

mCHP system in partnership with GRIDIRON to: 

• Baseline the emission rate for the PowerPlant H24 and  

develop an emissions-control strategy for the PowerPlant 

platform, followed by evaluation of the solution in the    

laboratory  

• Evaluate the performance of the PowerPlant H24 in the 

laboratory, and 

• Develop solutions/improvements to the PowerPlant based 

on laboratory results. 

Project Description 

Micro-CHP systems (mCHP – combined heat and power) 

still represent a niche product in the U.S., partially due to 

historically high initial costs, poor matching of thermal and 

electrical loads at some sites, and the complexity of distribu-

tion and installation. For many mCHP applications, produc-

ing only hot water and electricity is not enough to make 

these products viable in the marketplace. However, if the 

mCHP system can also produce cooling, it provides oppor-

tunity in more applications and for longer runtimes, thus im-

proving economics.  

While there are dozens of mCHP systems available, only 

two have integrated cooling. One of these is a technology 

from GRIDIRON (formerly M-Trigen, Inc.). 

GRIDIRON has developed two mCHP systems under the 

new PowerPlant™ product line. The first product is the Pow-

erPlant HA65 (formerly the PowerAire™) that produces 

about 6kW of power and about 60 MBH of heat along with 

five tons of cooling. This system is the only system in the 

North American market that can generate power, space 

heating, air conditioning, and hot water. It is the cooling at-

tribute that makes the PowerPlant HA65 system stand out 

for greater mCHP potential in the North American market. 

Researchers are evaluating new GRIDIRON micro-CHP systems to support the continued 

technical development of these innovative, high-efficiency products, and to develop  
information to help building owners and stakeholders identify the most impactful initial 
applications. 

GRIDIRON PowerPlant™ mCHP system. 
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The PowerPlant product line are packaged systems that also 

provide uninterruptible power, space heating, and hot water. 

The systems are powered by the same engine platform, but 

the H24 has significant design characteristics that make it less 

expensive than the HA65. 

Researchers evaluated the PowerPlant HA65 in the laboratory 

and made significant contributions to its development. The 

project team will do the same with the PowerPlant H24 

through similar laboratory evaluations and subsequent devel-

opment in collaboration with GRIDIRON.  

This project is being co-funded by NYSERDA (the New York 

State Energy Research and Development Authority), New 

Jersey Natural Gas, the Propane Education and Research  

Council (PERC), and GRIDIRON. 

 
Benefits / Market Implications 

Potential benefits to end users and the environment are signif-

icant.  

For example, a 2019 analysis funded by CEC and prepared 

by the project team of ICF, DE Solutions, and SoCalGas and 

summarized in the Final Report entitled A Comprehensive 

Assessment of Small Combined Heat and Power Technical 

and Market Potential in California showed that in California 

alone there is nearly 12 GW of technical potential for CHP 

applications that are <5 MW in capacity. Of this amount, ap-

proximately one-third can be derived from micro-CHP systems 

<50 kW in size.  

 
Technical Concept & Approach 

The GRIDIRON PowerPlant H24 and HA65 can serve the 

dual function of stand-alone power (black-start capable) and 

grid parallel operation. Heat is scavenged from the internal 

combustion engine and sent to an external heat exchanger 

connected to a buffer tank for hot water storage. Stored hot 

water can then be used for domestic hot water, or space heat-

ing via an air-handler unit with a hydronic coil. The HA65 has 

a refrigerant compressor used in a vapor-expansion cycle for 

space cooling. Refrigerant can then be used together with a 

standard outdoor condenser, expansion valve, and an air han-

dler A-coil for cooling. A generator coupled to the engine  

produces electricity, which is used on site and for battery 

charging.  

Laboratory testing in Phase 1 verified PowerPlant HA65 per-

formance targets, and subsequent field testing is under way 

with NYSERDA to further confirm performance of a fully-

integrated system. In Phase 2, researchers will procure a 

PowerPlant H24 system to be installed and laboratory-

evaluated. Testing will focus on confirming power, space heat-

ing, and hot-water output capacities; determining efficiencies 

and emissions levels; and assessing general functionality, 

including on- and off-grid operation.  

 
Results 

Supplemented by grid power, the GRIDIRON PowerPlant 

HA65 unit was able to provide 6 kW of gross power (over and 

above its internal power for HVAC). It was limited to 5 kW of 

net power output when islanded in heating mode at 40°F am-

bient, and 3.5 kW of net power output when islanded in cool-

ing mode at 95°F. Its maximum cooling capacity at 95°F was 

about five tons, and maximum space heating capacity was 

about 52 MBH at 40°F ambient. During heat pump operation, 

the HA65 produced over 60 MBH of hot water at 40°F ambi-

ent, and up to 75 MBH at 95°F ambient with onboard radiator 

operation. Total system efficiencies ranged from 85% to nearly 

100%. 

GRIDIRON entered the mCHP market with its PowerPlant 

HA65 system – a packaged combined heating, cooling, and 

power. In Phase 1, researchers evaluated and helped develop 

the HA65 system in partnership with GRIDIRON.  

The PowerPlant H24 is a sister product of the PowerPlant 

HA65 series. The H24 does not produce space conditioning, 

and thus has significantly lower cost. In Phase 2 of this pro-

ject, researchers are evaluating the H24 and supporting its 

further development. 

In 2020, due to the COVID-19 pandemic, researchers devel-

oped an alternative plan with GRIDIRON to evaluate the Pow-

erPlant H24 system remotely in the manufacturer’s facilities. 

The H24 system was installed at GRIDIRON and all major 

components are assembled. GRIDIRON is developing the 

wiring and coolant-tube routing. A remote test plan was devel-

oped and instrumentation and data-acquisition equipment 

shipped to GRIDIRON.  

In 2021, the PowerPlant H24 system will be evaluated remote-

ly in GRIDIRON’S facility in Houston, TX.  

 

Status 

Researchers are finalizing installation of the PowerPlant H24 

at GRIDIRON and commissioning the system.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

“GRIDIRON (formerly M-Trigen) has been working closely 

with UTD for over five years. With UTD’s support and GTI’s 
independent testing and subject-matter expertise, we’ve 
significantly advanced our technology from prototype to 
commercial product. We look forward to continuing to work 
with UTD as we introduce more innovative high-efficiency 

mCHP products for customers across North America.” 

- Alan Thomas 
  President and Chief Executive Officer 
  GRIDIRON LLC 



Triathalon 2030 Outdoor  
Ground Mount Concept Drawing 
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engine-driven cold-climate heat pump prototype. By providing 

technical support, UTD researchers are supporting the efforts 

of a project sponsored by the New York State Energy and 

Research Development Authority (NYSERDA) led by Syra-

cuse Center of Excellence at Syracuse University. 

Targets of the NYSERDA NextGen HVAC Challenge in-

clude: 

• Lower energy source consumption compared to current 

baseline technology 

• Lower greenhouse-gas emission levels compared to cur-

rent baseline technology 

• Clear peak-demand reduction compared to current base-

line technology 

• Achieve average annual COP >2.0 with emphasis on cold-

climate heating capacity and efficiency, and 

• Initial product cost targets of <$5,000 per unit based on a 

production volume of 500 units/year.  

Project Description 

Over the last 20 years, there have been several advances in 

gas-engine heat pump (GHP) design and components, in-

cluding controls, condensing coils, refrigerants, motors, and 

fans. This combination of new developments with a proven, 

high-reliability/low-emission engine provides a low-risk    

path to developing a high-performance, low-cost heat-pump   

design.  

This effort builds on prior five-ton GHP designs first devel-

oped in 1995 that used off-the-shelf components, leaving 

much room for incremental improvement. The most recent 

design was built and tested in 2015 and optimized for the 

hot, dry climate of the southwestern U.S. (e.g., Nevada and 

Arizona). The project achieved its goals for combined water 

heating, space conditioning, power generation, and off-grid 

operation: 1.2 cooling Coefficient of Performance (COP); 1.5 

heating COP; 80% primary energy savings for water heat-

ing; and a five-year payback based on $8,000 product cost 

and at 1,000 units/year production volume.  

The objective for this current project is to assist the project 

team in developing and testing a new five-ton natural gas-

Researchers are assisting in the prototype design of a new five-ton natural gas engine-

driven cold-climate gas heat pump (GHP). The system will provide high-efficiency water 
heating, space conditioning, power generation, and off-grid operation in one unit. 

Triathlon heat pump in 1995. 
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Benefits / Market Implications 

This GHP can provide the following benefits: 

• Achieve high heating efficiency and the ability to operate at 

significantly lower outside temperatures than electric heat 

pumps  

• Expand customers’ competitive choices of product offer-

ings and fuel options 

• Reduce electrical energy and demand savings for end  

users 

• Improve the use and resilience of the power grid 

• Defer investments to increase grid capacity, and  

• Avoid rate increases associated with capital projects to 

increase power grid capacity.  

Five-ton HVAC rooftop units (RTUs) are ubiquitous and can 

be found on most commercial buildings under 200,000 

square feet.  

 

Technical Concept & Approach 

The first stage of this project is to develop a product design to 

determine the performance, reliability, serviceability, and cost 

targets. The Triathlon 2030 design focus is on heating and 

cooling applied to small commercial building load profiles, 

including office, lodging, restaurants, fitness, health care, box 

retail, strip malls, light commercial, and education.  

The Triathlon 2030 is being designed as a reliable, drop-in 

replacement with a similar footprint to conventional five-ton 

rooftop units. The major technical design challenge is to re-

design and improve engine-heat recovery for cold-climate 

operation. The multifunction power-generation and water-

heating capability incorporated in the GHP design will be 

eliminated to reduce both manufactured and installed cost.   

If a successful proof of concept is achieved, the NYSERDA-

sponsored project team will build demonstration units, install 

them in field sites, and monitor their performance.  

The NYSERDA project team will also develop energy and 

economic system models that will predict simple payback and 

life-cycle costs, utility avoided cost value, source energy sav-

ings, and reduced greenhouse gas emissions. The model will 

be updated after each laboratory test and as field-

demonstration data becomes available.  

The NYSERDA project team will update performance as well 

as energy and economic models. The team will also meet 

with utilities and end-use customers to build awareness with 

stakeholders and to select at least two end-user sites for ini-

tial installations. 

 
Results 

In Phase 1, the project team developed the modeling ap-

proach for the preliminary energy and economic assess-

ment of the five-ton Triathlon 2030 GHP design. Three 

building types (small office, strip mall, and full-service res-

taurant) were selected to represent the best applications for 

a light-commercial five-ton GHP split system. Actual weath-

er data was used for three locations (New York City, Buffa-

lo, and Binghamton). Detailed electric and gas utility rates 

for each location were updated.  

In 2020, researchers developed Energy Plus™ models to 

compare energy costs and full-fuel-cycle greenhouse gas 

emissions for the GHP prototype design vs. conventional 

equipment, taking into account current and future power-

generation mix and the natural gas supply. Based on pub-

lished laboratory data, the GHP prototype design has the 

potential to achieve seasonal efficiencies of 1.6 COPg cool-

ing and 0.9 to 1.2 COPg heating. Modeled results show the 

GHP would generate the largest cost savings in New York 

City due to reduced peak electric demand from gas cooling; 

while upstate New York would have the greatest reduction in 

greenhouse gas emissions from increased heating efficiency.  

A draft report on the Triathlon 2030 GHP design and its value 

proposition for New York State was developed and presented 

to NYSERDA project team meeting in July  2021.  

 

Status 

The project team continues to develop a detailed design for a 

five-ton cold-climate gas-engine-driven heat pump.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

- James C. Green 
  President & CEO 

  Axiom Energy Group  

“A new five-ton natural-gas-engine-driven  
cold-climate heat pump prototype can meet 
New York State Energy and Research  
Development Authority (NYSERDA) NextGen 
HVAC Challenge as a cost-effective and  
energy resilient option to reduce greenhouse-
gas emission levels and reduce peak electric 
demand when compared to current baseline 
technology. We thank NYSERDA and UTD for 
supporting the development of this innovative 
technology, which when commercialized could 
serve many homes and small businesses 

across North America.”   
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supplemental power these systems generate over and 

above their operating parasitic power needs can serve heat 

distribution and other critical loads. Essentially, these sys-

tems enable residential and light/commercial self-powered 

mechanical equipment rooms at a reported 85% total effi-

ciency.  

The EnviroPower SmartWatt and BRASH STRAUM systems 

are modified Rankine steam cycles each using their own 

novel approach to making steam and generating power. In 

their thermodynamic cycles, heat from combustion is trans-

ferred to the water to create steam, which in turn drives an 

expander such as a turbine. A generator is fixed to the ex-

pander to produce power. As steam is condensed, it trans-

fers heat to a hydronic loop for space heating and/or domes-

tic hot water.  

EnviroPower indicates the 6kW SmartWatt boiler will be 

priced similar to a traditional boiler and that it can meet the 

A research team is investigating the 6kW EnviroPower and 3kW BRASH STRAUM 
mCHP self-powered hydronic HVAC boiler systems to support their technical  
development. When fully commercialized, these products will offer end users high  
efficiency and high resiliency. 

Project Description 

In recent years, frequent and extreme weather events ex-

posed the North American energy infrastructure to extended 

power outages. As a result, energy resilience has become 

increasingly important. The high reliability of natural gas de-

livery addresses this problem.  

In this project, a research team is evaluating prototype prod-

ucts from EnviroPower and BRASH that fall into a specific 

mCHP category of self-powered hydronic space heating. 

Their primary target markets are drop-in boiler replacements 

for residential/light commercial customers (e.g., heating ca-

pacities up to 175 MBH), especially those that value service 

reliability. The electrical efficiencies of these particular mCHP 

systems are low relative to other mCHP systems, but have 

higher thermal efficiencies and are packaged devices with all 

balance-of-plant necessities integrated into one system. The 

supplemental power these systems generate over and above 

BRASH (left) and EnviroPower (right)  

RESIDENTIAL AND LIGHT COMMERCIAL, INCLUDING mCHP 

EnviroPower 6kW SmartWatt and  
Brash 3kW STRAUM mCHP Boilers – Laboratory Test 

PROJECT NO.  2.19.E 

SUMMARY REPORT 



- 72 - 

emissions standards for California Air Resources Board Dis-

tributed Generation Certification based on preliminary test 

results.  

BRASH’s mCHP system is based on a patented air-steam 

hybrid technology that can be installed as an accessory to an 

existing boiler or as a turnkey mCHP system. The BRASH 

system is a 900W to 2.3kW, 33 to 82MBH thermal system. 

BRASH also indicates its mCHP system will be priced similar 

to a traditional boiler.  

The objective of this project is to evaluate the 3kW BRASH 

STRAUM mCHP and the 6kW EnviroPower self-powered 

hydronic HVAC boiler systems in the laboratory and support 

their technical development by validating performance and 

other competitive analysis benchmarking.  

Project goals include:  

• Developing specific test protocols with EnviroPower and 

BRASH guided by newly developed ASHRAE SPC204 

mCHP Methods of Testing  

• Evaluating the EnviroPower SmartWatt and BRASH 

STRAUM performance, including power and thermal pro-

duction, efficiencies, and emissions in the laboratory, and  

• Providing subsequent development support as needed 

based on performance results.  

If this project proves successful, it will result in two demon-

stration-ready mCHP boilers that provide self-powered hy-

dronic HVAC. The project will document the performance of 

the EnviroPower SmartWatt and BRASH Plus and assess the 

benefits of self-powered HVAC systems for end-use custom-

ers.  

 

Benefits / Market Implications 

The value of energy resilience is often overlooked when as-

sessing the feasibility of combined heat-and-power (CHP) 

systems because of the difficulty quantifying the benefits of 

the technology. Previous UTD project 1.12.F helped quantify 

the supply reliability advantage of natural gas. Self-powered 

units such as BRASH and EnviroPower build on this ad-

vantage to provide high heating reliability.  

By some estimates, poor energy reliability and power quality 

costs the U.S. about $79 billion per year and traditional back-

up generators fail about 15% of the time. Micro-grids are a 

major trend shaping the future of distributed energy re-

sources. These units can also be a non-infrastructure grid-

balancing solution as deeper penetrations of intermittent re-

newables are realized.  

 

Technical Concept & Approach 

Laboratory testing calls for confirming power and thermal out-

put capacities, determining efficiencies and emissions levels, 

and assessing general functionality, including on- and off-grid 

operation.  

The newly developed ASHRAE SPC204 mCHP Method of 

Test will be used as a guide for developing the test plans with 

EnviroPower and BRASH.  

A battery of laboratory tests will be developed to determine 

performance at steady state and in transient electric and ther-

mal loading scenarios. Typically, mCHP systems are evaluat-

ed at 40°F, 59°F, and 95°F ambient conditions. However, 

since these self-powered hydronic heating systems are in-

tended to replace indoor boilers, the tests will be conducted at 

typical indoor conditions designed to simulate space-heating 

and water-heating loads.  

 
Results 

In 2020, due to the COVID-19 pandemic, the project team 

developed an alternative plan with BRASH to evaluate the 

BRASH STRAUM system remotely in the manufacturer’s facil-

ities. The test plan was developed and instrumentation and all 

data-acquisition equipment procured and shipped to BRASH.  

In addition to coordinating some test methods with BRASH, 

the research team purchased and configured additional data-

acquisition equipment and fabricated power panels.  

 

Status 

The project team is continuing to work with BRASH and Envi-

roPower to assess prototypes and to refine additional testing 

at the manufacturers’ facilities in coordination with a research 

laboratory. 

 

“Commercial success in the home heating  
and power sector doesn't happen unless  
independent testing is done that builds trust 
with stakeholders and consumers. Knowing 
this, BRASH turned to UTD to help us refine 
and bring to market what we feel is a  
significant advancement in home energy  
efficiency and resilience.” 

- Michael Brookman 
  President 
  BRASH Power 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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• Segment and define the CEA agribusiness, growth poten-

tial, and value by crop and region 

• Define current and best practices  

• Determine energy use, costs, and efficiency opportunities  

• Identify technology needs and opportunities  

• Identify gas-based technology solutions that can impact the 

efficiency and productivity of CEA farming for end users 

• Determine the pros and cons of each technology solution  

• Determine the economic benefit, and 

• Identify research and development needs.  

Gas-based technology options (fossil or renewable) have the 

potential to decrease energy costs while boosting production 

performance for customers.  

UTD is partnering on this research effort with the Propane 

Education and Research Council (PERC), which is providing 

co-funding to UTD. 

Project Description 

In Phase 1 of this project, research focused on integrating 

value-added features for gas-driven space-conditioning, de-

humidification, and power systems for use in greenhouse 

and indoor/vertical-farming, broadly defined as Controlled 

Environment Agriculture (CEA) operations.  

The growth in indoor farming is driving indoor innovation in 

environmental controls, energy use, and crop-production 

optimization.  

Researchers conducted a techno-economic assessment of 

integrating features for use in systems in greenhouse and 

indoor/vertical farming.  

In the current Phase 2 of the project, researchers are con-

ducting a feasibility assessment for waste-to-fuel, waste-to-

power, and waste-to-feed opportunities. Transforming waste 

from a cost to an asset is the ultimate goal. Waste to fuel, 

waste to power, and waste to feed are roles natural gas and 

propane can play.  

The goals of the assessment are to:  

This project is assessing technology needs and opportunities to integrate value-

added features of gas-driven space-conditioning, waste management, and power  
systems to better serve greenhouse and indoor/vertical farming end-use customers.  

LARGE  COMMERCIAL  AND  INDUSTRIAL,  INCLUDING  CHP 
PROJECT NO.  1.19.G 

SUMMARY REPORT 

Enhanced Gas Space Conditioning for  
Greenhouse and Vertical Farming 

Example of indoor farming at Hardee Fresh LLC.  
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Benefits / Market Implications 

The primary target markets impacted will be CEA facilities.  

With energy costs representing 30%-50% of total operating 

costs, natural gas- and propane-driven gas heat pumps 

(GHPs) and combined heat-and-power (CHP) systems are 

increasingly serving indoor/vertical-farming operations.  

Currently, growers typically inject CO2  into a growing room 

during lockout periods to raise the CO2 levels between 800-

1,200 ppm to accelerate plant growth. Growers typically use 

CO2  tanks over natural gas- and propane-based methods as 

CO2  tanks offer greater injection control without adding humid-

ity. Existing gas technologies such as direct-fired dedicated 

outdoor air systems and make-up air units have the ability to 

raise the CO2  levels.  

It may also be possible to add capabilities to existing GHPs 

and CHP systems to enhance their value for these customers. 

A review of CO2  separation technologies suggests that it may 

be possible to develop low cost add-on processes to extract 

CO2  from natural gas and propane combustion exhaust and 

decouple the CO2 from other flue gas constituents including 

water. CO2 and water could then be filtered and reintroduced 

back into the grow space to enhance plant growth. 

 
Technical Concept & Approach 

In Phase 1 of this project, researchers provided an annotated 

review of available information on emerging markets in indoor/

vertical farming and value crops as defined by: 1) agribusi-

ness growth and value potential, 2) energy use and costs, 3) 

agribusiness economics, and 4) technology needs. 

The team conducted stakeholder interviews to validate and 

further clarify the growth potential for indoor/vertical farming. 

The current Phase 2 involves: 

• Waste-Stream Quantification  

The project team will conduct a waste stream quantification 

study via engagement with various growers, technology 

providers, and other stakeholders. 

• Opportunity Assessment  

Researchers will assess the feasibility and economics of 

waste-management opportunities, detailing scale, costs, 

payback, and benefit of natural gas and propane.  

Key performance indicators and metrics to measure project 

success will be to:  

• Characterize the waste streams of multiple facilities  

• Establish the best practices in waste management and the 

role of natural gas and propane 

• Calculate the economics of natural gas and propane tech-

nologies identifying costs and payback, and 

• Identify at least four key technology-development needs or 

opportunities to optimize the use of natural gas and pro-

pane waste management in CEA.  

 

Results 

The Phase 1 Final Report was issued in September 2020. 

The report noted the opportunities for gas-fired equipment for 

heating, cooling, dehumidification, and power generation in 

remote locations, and as a source of CO2 for plant enrich-

ment.  

Various areas of potential research, development, and 

demonstration were identified. The report also noted a need 

for case studies and third-party demonstrations as well as 

code development on prescriptive efficiency measures.  

Researchers initiated a techno-economic assessment of the 

CEA market to integrate value-added features for gas- and 

propane-driven space conditioning and power systems. In-

vestigators found that the CEA industry is varied and com-

plex, with the needs of growers differing widely based on crop 

type and location. The vegetable CEA industry has a long 

history, with more established approaches which results in a 

more stable and mature market. These producers, particular-

ly greenhouse growers, are informed about their economics 

and energy usage, but are looking for new and better ways to 

capture efficiency. Many have a degree of engagement with a 

local utility and the largest opportunity for more effectively 

reaching them is through rebate/incentive education and new 

technology offerings. In slight contrast, the indoor/vertical-

farming market has historically been more modest in size but 

has seen recent growth, which is projected to continue. 

In 2021, the project team focused on waste-to-energy conver-

sion opportunities. There are applicable commercialized and 

emerging technologies, such as anaerobic digestion, gasifica-

tion, and hydro-pyrolysis. However, economics favor large 

operations with large and consistent waste streams. The 

team is still investigating the feasibility of such technologies 

for CEA.  

 

Status 

Researchers continue identifying and interacting with CEA 

stakeholders and growers for interviews and surveys. The 

team interviewed experts in the CEA field, growers, utility 

representatives, and equipment manufacturers to learn more 

about the needs of the industry.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Researchers developed data, provided technical information for standards 

reviews, and supported a publicly-available website in order to provide  
credible, scientifically-sound information on the value of using natural gas 
for standby power generation. End users benefit from the opportunity to 
leverage the 10X higher reliability of gas vs. electric supply. 

Research on natural gas reliability will aid consumers, the 

gas industry, and regulators in understanding the value of 

natural gas as compared to diesel for backup generators. 

This collected research can also lay the groundwork for a 

change in industry perception and potential consensus up-

dates in applicable technical codes and standards for backup 

generation. 

 
Technical Concept & Approach 

In early phases of this project, researchers evaluated natural 

gas DG applications using various criteria, including: capital 

cost, system efficiency, reliability, serviceability, maintenance 

cycles, product life, exhaust emissions, noise emissions, 

systems integration, and modes of operation supported.  

Activities focused on the dissemination of data on the reliabil-

ity of the natural gas supply to address regulatory barriers for 

the natural gas EPSS market.  

Generac Power Systems, Inc., partnered with the project 

team to provide industry insight on barriers regarding the 

natural gas generator market and to disseminate information.   

Project Description 

Although the market for emergency power supply systems 

(EPSS) is dominated by diesel-fueled generators, natural gas 

systems are gaining market share in the U.S. due to technical 

advances, low fuel costs, and increased resilience during 

severe weather events. For voluntary non-code-driven EPSS 

installations (typical of residential or small commercial appli-

cations), the natural gas market share is about 70%. In the 

EPSS commercial market, where volume is driven by code 

requirements, the natural gas share is only 20%-30%.  

A traditional perception is that diesel engines with onsite fuel 

storage are the most reliable equipment for all backup power 

applications. Despite their widespread use, diesel generators 

(gen-sets) are not without reliability concerns. Power outages 

associated with major weather events highlighted diesel gen-

set vulnerability to inadequate fuel-maintenance practices 

and to the difficulty or impossibility of fuel replenishment in 

the midst of extended major outage events. On the other 

hand, the natural gas infrastructure is highly reliable. Under-

ground supply pipelines are less likely to be compromised 

during major disasters than above-ground electrical infra-

structure, and there may be insufficient on-site diesel storage 

to address a multi-day service outage. The reliability of natu-

ral gas supply has been the focus of several recent studies 

due to the growing dependency of power generation on natu-

ral gas.  

In this project, the research team developed technical infor-

mation on natural gas reliability and the benefits of using nat-

ural gas to fuel EPSS, such as substantial reductions in par-

ticulate matter and SOx and NOx emissions when compared 

to diesel-fueled EPSS. This project helped inform end users 

and reduce barriers for natural gas backup power generation, 

such as by supporting consensus refinements in codes and 

standards.  

 
Benefits / Market Implications 

Natural gas distributed generation (DG) and EPSS provide 

cost-effective options that increase energy resilience while 

providing environmental benefits. These advantages, coupled 

with historically low natural gas prices, provide significant 

benefits to end users, the environment, and infrastructure 

reliability. More than 350 natural gas generators were installed at  
the New York City Housing Authority. 



As part of this effort, the project team collected aggregate his-

torical natural gas outage data from several utilities. These 

results show that natural gas distribution reliability is an order 

of magnitude greater than the reliability of the electric distribu-

tion service. Other technical reports focus on the reliability of 

the natural gas infrastructure and its proven resilience during 

extreme weather conditions such as hurricanes, flooding, and 

extreme cold temperatures.  

The research team also developed two case studies demon-

strating the economic benefits of EPA-certified non-emergency 

natural gas gen-sets that allow extended runtime and can be 

used with demand-response incentive programs or demand-

response (peak-shaving) operations.  

Researchers developed an extensive update for an existing 

tool, Total Cost of Ownership (TCO) Calculator for Natural Gas 

Standby Power Generation, to provide more accurate and 

regional cost estimates for utilities and customers. The tool 

allows users to compare the total cost of ownership between 

diesel and natural gas standby generators.  

 

Status 

This project is complete. A Final Report which summarized the 

results of the final phase of this project was issued in Novem-

ber 2020. Visit www.reliablenatgasgen.com to view technical 

information generated under this project. 

 

Results 

EPSS are used nationwide by a variety of residential, com-

mercial, and industrial customers to avoid power loss disrup-

tion. More than 250 gigawatts (GW) of standby generator 

power is installed in the U.S., and more than 15 GW of new 

capacity is added each year.  

Early work conducted under this project found regulatory re-

quirements were a significant barrier for natural gas EPSS. 

For voluntary non-code-driven EPSS, typical of residential or 

small commercial applications, the natural gas market share is 

about 70%. In the EPSS commercial market, where volume is 

driven by code requirements, the natural gas share is only 

20%-30%.  

The limited market share of natural gas EPSS in code-driven 

installations is often influenced by the perception of local au-

thorities having jurisdiction (AHJs) regarding natural gas distri-

bution reliability. The National Electric Code (NEC)/NFPA 70 

regulations for emergency power generators require onsite 

fuel supply (e.g., diesel); however, the local AHJ can grant an 

exception for the use of an off-site fuel supply. 

The project team partnered with Generac by providing tech-

nical information and content for its public website, the Natural 

Gas Knowledge Center (www.reliablenatgasgen.com). The 

website provides information on natural gas distribution relia-

bility and other data to help AHJs, engineers, and customers 

make well-informed decisions. This information may provide 

the groundwork for a change in industry perception and the 

potential revision in regulations on fuel supply for backup gen-

eration. The website includes condensed, readily-available, 

supporting data on reliability and other benefits of EPSS 

fueled by renewable or fossil natural gas. The website also 

offers online tools, performance data, applicable codes, and 

case studies.  
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For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Generac’s Natural Gas Knowledge Center website. 

- Cory Honl, P.E. 
  Sr. Director – Global Industrial Solutions 

  Generac Power Systems, Inc.   

“As homeowners, commercial and industrial 
customers seek to improve the resiliency of 
their energy supply, the technical information 
provided by UTD and its utility members has 
helped quantify the reliability and long-duration 
delivery of underground natural gas distribution 
system. This work also demonstrated the  
economic benefits and emissions reductions 
from using renewable or fossil natural gas 
versus other fuels for on-site back-up power 

generation.”   



Ribbon Burner Improvements 

Project Description 

The heating, drying, and baking of food products is accom-

plished extensively by conventional partially-pre-mixed gas-

fired burners, which are also widely used in other industrial 

processing and surface treatment applications. These com-

bustion systems are coming under stricter emissions regula-

tions in many regions of the United States, especially in Cali-

fornia. Reducing NOx emissions is critical for end users to 

continue benefiting from natural gas combustion systems 

across a wide spectrum of industrial and commercial appli-

cations. 

In response, researchers developed and demonstrated an 

advanced low NOx (ALN) ribbon-burner combustion system 

directly applicable to these business and environmental con-

cerns. Considering the broad application of ribbon burners, 

the ALN combustion system helps the wholesale baking 

industry meet and exceed more stringent emission require-

ments while increasing efficiency and maintaining product 

quality and economy.  

Researchers conducted a technology demonstration project 

in a full-scale production environment at a wholesale com-

mercial bakery in California. UTD’s project partners included 

the California Energy Commission (CEC) and SoCalGas, 

with UTD providing co-funding to a large prime funding re-

search contract award from CEC.  
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An innovative cost-effective, low-NOX ribbon burner combustion system that can  

be used for a wide variety of industrial processes was developed and demonstrated. 
Results of a prototype unit in a full-production field test demonstrated 50% NOx  
reduction and approximately 5% energy savings. 

Benefits / Market Implications 

According to the American Bakers Association, there are 

more than 700 baking facilities and baking suppliers in the 

U.S. A typical mid-size bakery might have three production 

lines and consume about 7 million cubic feet of natural gas 

per month. Approximately 0.6 Tcf of natural gas is consumed 

annually by the U.S. baking industry.   

Reaching the target of 50% reduction in NOx production (< 15 

vppm at 3% O2) could lead to significant reductions of pollu-

tant emissions from ribbon burner installations. Considering 

the broad application of ribbon burners for industrial process-

es, the ALN ribbon-burner concept has the potential to help 

end users meet more stringent emission requirements without 

sacrificing efficiency, major design, or process control. 

If a 30% market penetration in the baking industry is 

achieved, then the emissions reductions in California alone 

are estimated as follows: 

• Natural gas reductions of 1.3 to 1.5 million therms per year  

• Carbon emission reductions of 7,500 to 10,000 tons per 

year, and 

• NOx emission reductions of 200 to 300 tons per year. 

LARGE  COMMERCIAL  AND  INDUSTRIAL,  INCLUDING  CHP 
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Exterior and interior of the demonstration oven at the industrial baking host site. 



- 80 - 

sions and fuel consumption data was determined by an inde-

pendent third party as part of a measurement and validation 

report. Bagel production was successfully accomplished with 

the modified system with no loss of production.  

The technology was presented at the Baking Industry Equip-

ment Manufacturers annual meeting in March 2020 and pro-

moted at the IBIE (International Baking Industry Expo) in Fall 

2019. 

A U.S. Patent for the technology was granted in April 2019. 

Licensing discussions are in progress with a potential com-

mercialization partner.  

A Final Report that summarized the results of the completed 

project phases was issued in April 2019.  

The results of the technology demonstration and the potential 

benefits for the wholesale baking operations were presented 

to a number of U.S. and international baking industry opera-

tors and equipment suppliers. 

In 2021 during Phase 3, the project team began expanding 

the technology outreach beyond U.S. markets into Europe 

and Asia. A number of technical communications on the tech-

nology specifics were completed.  

 

Status 

The project team is continuing discussions with baking indus-

try leaders (manufacturers, suppliers, and end users) and 

investment entities. A potential commercialization partner was 

identified and licensing discussions are in progress. 

Technical Concept & Approach 

This project involved the following tasks: 

• Selection of qualified host site and quantification of baseline 

performance  

• Specification, design, and engineering of demonstration 

system  

• Technology installation and shakedown at the host site  

• Data collection and analysis 

• Post-demonstration monitoring, and  

• Technology outreach and initiation of commercialization 

activities. 

 

Results  

The ALN ribbon burners combustion system demonstrated a 

50% NOx reduction potential in a full production environment. 

This brings emission levels well below the new air quality reg-

ulation emissions in Southern California which are the most 

stringent across the United States.  

The demonstrated approach assumes a portion of exhaust 

gas (which is laden with CO2) is mixed with the combustion air 

to reduce the O2 content in it and, therefore, to reduce the 

NOx emissions produced by industrial ribbon burners or other 

types of burners with partially premixed flames. This approach 

was demonstrated in a full-scale wholesale bakery, confirming 

that it can meet new regulations limiting NOx emissions with-

out the need for expensive modification to the burner systems. 

For situations when the NOx reduction is critical and replacing 

the conventional ribbon burner is not possible or is cost-

prohibitive, the demonstrated technology can become a viable 

option, especially in light of the strengthening of federal and 

state environmental regulations. 

Results of experiments and computational fluid dynamics 

modeling demonstrated that the dilution of the combustion air 

with CO2 can result in significant reductions in NOx formation.  

Quantifiable fuel savings of approximately 5% compared to 

the baseline run were demonstrated during the project. Emis-

“The technology has been successfully demon-
strated at a large-volume industrial baking facility. 
The production rate is 22,800 bagels an hour. The 
oven operates 24/7, with minimum downtime. At 
long last, a commercially viable NOX  reduction  
technology for premix ribbon burners is now  
available. It can be easily applied to both existing 
and new ovens.”  

- Joe DiGiacomo 
  Vice President 
  Flynn Burner Corporation 

Ribbon burner. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 



LARGE  COMMERCIAL  AND  INDUSTRIAL,  INCLUDING  CHP 
PROJECT NO. 2.14.O 

SUMMARY REPORT 

Field Evaluation of Gas-Quality Sensor  

bons, and carbon-dioxide concentrations) in real time and 

provide this data to natural gas pipeline operators and end 

users of natural gas.  

The technology development that was advanced in laborato-

ry testing and field demonstrations in this project supported 

the commercial introduction of the NIRIS NG GQS sensor by 

CMR Group in Summer 2019. 

 

Benefits / Market Implications 

Gas distribution companies and large-volume gas consumers 

that are sensitive to variations in gas quality will benefit from 

the faster, lower-cost new Btu sensor. Industrial customers 

can operate equipment more efficiently with lower emissions 

when real-time fuel heating-value data are available. Opera-

tors of natural-gas-fueled turbines and internal combustion 

engines can have enhanced control of equipment perfor-

Project Description 

Natural gas is priced by total energy delivered (in Btus or 

therms). However, Btu content cannot be easily measured, 

so a common practice is to measure the volumetric flow rate 

at the point of use, and to determine total energy used by 

multiplying this number by the average energy content (Btu 

per standard cubic foot) measured at a central location. 

While this approach is economical and recognized as suffi-

ciently accurate for billing residential, commercial, and most 

industrial customers, there are industrial combustion pro-

cesses (e.g., processes for glass and fertilizer production) 

and power-generation equipment (e.g., dry low-NOx gas 

turbines and lean-burn internal combustion engines) that 

have stricter limits on gas quality and composition.  

Some large-volume end-user applications have in-line equip-

ment to continuously monitor gas quality to obtain measure-

ments that can be readily converted to heating value, me-

thane number, or Wobbe Index. The introduction of shale 

gas and upgraded biogas from anaerobic digesters into the 

gas-transmission network is increasing the importance of 

more accurately and more regularly measuring the heating 

value of the gas for many of these large-volume customers.  

The most common equipment used today for continuously 

measuring natural gas heating value is the gas chromato-

graph (GC). Although GCs provide accurate Btu values 

based on direct measurements and compositional data, they 

have several drawbacks, including: 

• Long response times (often four minutes or more) 

• High capital costs (in excess of $20,000), and 

• Regular calibration required (a recurring operating cost). 

To address the issue, researchers developed and extensive-

ly tested in a laboratory a heating-value sensor on natural 

gas, biogas, and producer gas. Testing in the field was also 

conducted for biogas applications. The sensor is significantly 

lower in cost than gas chromatographs and will address oth-

er limitations of the GC. 

The objective of this project is to continue to develop and 

demonstrate in actual field-operating conditions a practical, 

reliable, and low-cost gas-quality sensor (GQS) that can 

detect changes in gas quality (e.g., heating value, hydrocar-

Field evaluations were conducted to demonstrate a new, reliable, low-cost gas-quality  

sensor that can detect changes in gas quality (heating value, hydrocarbon, and CO2 
concentrations) in real time and provide valuable data to operators and end users. 
These and prior UTD efforts supported the 2019 introduction of this new commercially-
available sensor. 
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The GQS in laboratory testing prior to the shipment to the field-test site. 



Results 

Early project activities involved modifying software so that a 

new spectrometer could be integrated with the concentration 

determining algorithms. The new spectrometer was capable 

of reading high wavelength data and therefore was expected 

to be able to collect carbon dioxide data directly. Software 

was modified to collect and process this data.  

Changes were needed to meet the requirements established 

by the demonstration site. The project team used a mobile 

hot spot to collect and transmit data during the demonstration 

period. Communications with the computer were carried out 

through an Ethernet cable using the available port on the 

enclosure.  

An experimental apparatus was used to calibrate and test the 

GQS after upgrades and modifications. In 2017, testing of 

beta prototypes was performed using 12 gas mixtures with 

compositions covering the range of anticipated real-world 

biogas and natural gas. 

GQS developments also include: 

• The new spectrometer can read high wavelength data and, 

therefore, collect carbon dioxide data directly. Software 

was modified to collect and process this data.  

• Details of the dimensions, utility requirements, and other 

aspects of the enclosure (inlet and outlet ports, tempera-

ture range, etc.) to hold the GQS for demonstration testing 

were made.  

• The team completed assembling the GQS inside the enclo-

sure. Two sensors were installed. One sensor followed a 

prototype design using a spectrometer and the other sen-

sor is a commercial prototype built by the commercializing 

partner and using an interferometer.  

• All sensors were installed in enclosures and prepared for 

testing per safety requirements of the two host sites.  

A Final Report for Phases 1 and 2 of this project was issued 

in February 2021. 

 
Status  

A Phase 3 effort to investigate further expanding the capabili-

ties of the GQS was initiated in Summer 2021. 
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Specific advantages of the GQS include: 

• The sensor needs to be calibrated just once for the applica-

tion 

• Simple to use; no special training is needed 

• Measurements can be taken at high gas pressures 

• Measurements can be taken continuously, allowing trending 

and controls operation, and 

• In-line configurations are possible. 

 
Technical Concept & Approach 

The GQS uses the infrared light-absorption properties of hy-

drocarbon gases to measure the Btu content and composition 

of a natural gas mixture. It has been shown that this sensor 

technology can be used to measure the air/fuel ratio in air/

hydrocarbon gas mixtures delivered to combustion equipment. 

The accuracy of heating-value measurements made by this 

new instrument can closely match those of a GC, but at a 

much lower cost.  

Technicians prepared, calibrated, and installed a GQS proto-

type at a utility site in Tulsa, OK, to monitor the heating value 

and composition of natural gas for 12 months.  

GQS measurements were conducted side-by-side with a gas 

chromatograph to verify accuracy of the GQS measurements. 

The gas-quality data will be provided to the pipeline operators 

and/or end users in real time.  

The project team will provide support to the licensee of the 

GQS technology as the project moves pre-production gas-

quality sensors through customer testing.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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On-Site Electrical Generation 

Project Description 

In this project, research focused on thermal-photovoltaic 

(TPV) technology to advance on-site gas-powered electrical 

generation. Recent advances in gallium-based cells offer the 

potential for achieving significantly higher conversion rates 

for high-efficiency TPV-based combined heat-and-power 

(CHP) systems. While TPV is ideal for CHP applications, the 

technology is also applicable for power generation alone.   

For this project, researchers designed, built, and tested an 

advanced TPV concept for CHP generation. The results 

were used to develop a performance model for the selection 

of appropriate TPV cells and a conceptual design for a TPV-

based power generator with the potential for 70% power-

generation efficiency.  

 

Benefits / Market Implications 

TPV CHP systems offer several advantages over conven-

tional technologies:  

This research assessed how photovoltaic technologies suitable for converting  

thermal radiation into electricity might be integrated with end-use equipment.  
A project team designed, built, and tested an innovative thermal-photovoltaic  
concept for combined heat-and-power generation at a 1-2kW scale to  
economically maximize the energy efficiency of homes and small businesses. 

• The systems have almost no moving parts, are practically 

noise free, and have low maintenance and long life 

• The TPV power-generation component can be directly inte-

grated into a variety of thermal equipment to maximize 

performance, which is a distinct advantage over separate 

power-generation systems, and 

• Significantly fewer pieces of equipment are required, result-

ing in a reduced footprint and weight. 

 
Technical Concept & Approach 

Similar to conventional solar cells, TPV cells can convert radi-

ant energy into electricity via photons, offering an opportunity 

to directly generate electricity using radiant burners and TPV 

cells. Both approaches involve a thermal emitter (sun or radi-

ant burner) and a photovoltaic (PV) diode cell designed to 

match the wavelength of the emitter. The key differences are 

the emitter temperature and its distance from the cells.  

Laboratory testing of burners (left) and panels (right). 
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ed by a cylindrical reflector to simulate back-reflecting TPV 

cells. The experimental effort focused on developing the gas-

fired infrared (IR) emitter surrounded by a highly-reflective 

enclosure, since the integrated performance of various TPV 

cells could then be modeled relatively easily to estimate heat 

and power generation.  

Test results show the possibility of achieving radiant tube 

emitter temperatures in the range of 2,400°F by increasing 

the firing rate, reducing the excess air levels, and increasing 

the regenerative bed volume. The NOx emissions during the 

tests were high; however, these can be reduced to accepta-

ble levels by additional equipment modifications. 

Adjustments were made to the test system and performance 

testing was conducted. The team was able to demonstrate 

stable combustion up to 5 kW input and also demonstrated 

the potential for using back-reflecting PV cells to increase 

TPV CHP efficiency.  

The project team was able to:  

• Achieve stable flames over a range of air/fuel ratios and 

firing rates, when firing from either end of the radiant tube  

• Achieve self-sustained reversing operation without the 

need for an external ignition source, and  

• Acquire proof-of-performance data (air and fuel flow rates, 

system pressure drop, air and exhaust gas temperatures, 

reflector temperature, etc.).  

The project team explored design concepts for a 2kW TPV 

CHP system to facilitate test planning, and initiated develop-

ment of the test plan for evaluating its performance.  

In 2020, the project team tested panels with a short-wave IR 

burner fueled with conventional natural gas. The height of the 

burner relative to the PV panels was adjusted to obtain 

measurements of power output as a function of burner dis-

tance from the PV panels. The short-wave metal foam IR 

radiant burner was operated at 11,000 Btu/hr. The panels 

successfully operated at 70°C without forced air or liquid 

cooling. Preliminary testing showed that a panel-level TPV 

prototype system containing 32 series-connected cells is 

feasible. 

 
Status  

This project is complete. Preparation of a Final Report is 

under way. Next steps to further advance this technology are 

currently being investigated. 

In recent years, partly because of accelerated investments in 

high-temperature concentrated PV solar technologies, this 

research area is attracting more interest for both stand-alone 

power-generation systems for remote applications as well as 

for CHP. However, current approaches do not adequately 

address the key efficiency and cost challenges, making near-

term prospects for commercial products unlikely.  

One of the core technologies being developed is a low-cost, 

gallium-based high-temperature and high-efficiency solar di-

ode, which provides an excellent match for a natural-gas-fired 

infrared emitter.  

Researchers conceptualized an innovative approach to ad-

dress both the efficiency and cost issues of current technolo-

gies to significantly boost power conversion efficiency to more 

than 30% and system efficiency over 80%, while keeping 

costs within the range of alternative CHP technologies.  

Key features of the concept are:  

• Use of high-efficiency, low-cost, standard-size, and mass-

producible gallium-based TPV cells to reduce costs and 

increase conversion rate.  

• Use of economical backing material on the cells to maxim-

ize heat transfer and facilitate adhesion to heat-exchanger 

surfaces.  

• Integration of TPV cells directly into the heat-transfer inter-

face to minimize heat losses and maximize cooling.  

• Use of mirrors with oxide coating for selective transmission 

of desired wavelengths and reflection back to the radiant 

surface of undesired wavelengths to maximize conversion 

rate and keep cells cool, maximize efficiency, and extend 

life.  

• Use of radiant emitter with integrated heat recovery to max-

imize system thermal efficiency and prevent contamination 

of TPV surfaces.  

• Use of high levels of internal recirculation to increase tem-

perature uniformity, eliminate hot spots, and minimize NOx 

generation.  

 

Results 

In this project, researchers demonstrated the viability of the 

concept of using back-reflective TPV cells to achieve high-

efficiency conversion of natural gas energy to power. The 

results of bench-scale experiments show potential for design-

ing a compact natural-gas-fired TPV CHP system that pro-

vides >55% power-generation efficiency and allows wide vari-

ations in the ratio of power and thermal energy (hot water) 

generated.  

The project team designed and built a test facility consisting of 

a one-inch-diameter gas-fired radiant tube with burners and 

heat-recovery devices on both ends. The tube was surround-

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Technical Concept & Approach 

Specific tasks included:  

• Burner Design  

The project team designed a laboratory-sized 35,000 Btu/hr 

burner with sensors, control, and valves with advanced 

material. This unit has broad flexibility and is well instru-

mented so a wide range of parametric tests can be con-

ducted and data used to optimize design and operating 

conditions.  

• Laboratory Testing  

A range of IR burner tests were conducted to demonstrate 

safe and stable operation, collect valuable data for burner 

optimization, and investigate the effect of all independent 

variables on the performance of the advance IR burner.  

 

Results 

Researchers selected and tested multiple commercial IR 

burners to evaluate operational and emissions performance. 

Different materials and original equipment manufacturers 

(OEMs) were chosen for the testing to provide a spectrum of 

performance data. The key performance indicators for the 

Project Description 

Using gas-fired infrared (IR) heaters instead of electric-

driven IR heaters can significantly reduce both source-

energy emissions and end users’ operating costs. The goal 

of this project is to build on earlier developments to advance 

a gas-fired IR burner for commercial and industrial use.  

Unlike conduction or convection, IR heating transfers heat 

through electromagnetic radiation (light). As IR light is ab-

sorbed by the load material, its surface is heated. This sur-

face-heating phenomenon can be highly efficient by avoid-

ing the unnecessary thermal load of heating surrounding air.  

In this project, researchers investigated advanced metal 

foam IR burners, with better material properties. In the cur-

rent phase of the project, the research team will design, 

build, and test in the field a prototype next-generation, high-

response, higher-efficiency IR burner. 

 

Benefits / Market Implications 

Currently, nearly 75% of the IR-heater market in commercial 

and industrial applications is occupied by electric units. De-

velopment of an advanced gas-fired IR burner that can 

meet market specifications will increase customer choice 

and save energy on a source basis in most locales.  

Researchers are designing, building, and testing prototype high-performance, low-

emission gas-fired infrared burners that use advanced metal foam material to offer 
end users new high-efficiency products. The project team is collaborating with  
material and burner manufacturers.  

Laboratory testing. 



  In 2019, emissions and temperature meas- 

  urement testing were conducted at different    

  axial locations from the burner surface. A  

  report was issued in July 2019 that summa- 

  rizes the differences in burner configura- 

  tions tested.  

In 2020, researchers teamed with a burner manufacturer and 

an advanced material manufacturer to resolve key issues to 

move the technology to the market. Emissions and tempera-

ture-measurement testing were performed at different axial 

and longitudinal locations from the burner surface 

Test hardware was fabricated to reduce air entrainment and 

provide more data for comparison with previous data.  

In 2021, the project team conducted performance mapping of 

the burner at different axial and radial locations. Test data of 

the burner testing was reviewed and analyzed. Testing 

showed that emissions were below 20 ppm for NOx and CO 

dropped below 10 ppm, both corrected to 3% oxygen, from 

about six inches from the surface of the burner. However, the 

temperature uniformity and the oxygen concentration at a 

given plane (nine inches from surface of burner) are not uni-

form and need to be addressed to improve the productivity of 

the burner.  

A host site for a demonstration was identified and design crite-

ria for testing was evaluated. A set of prototype burners was 

fabricated, assembled, and factory tested.  

 

Status 

The project team is reviewing the results of the testing and 

hardware design changes for improved performance.  

Discussions regarding the installation and testing with host 

site are in progress.  
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burner testing were turndown, emissions, start-up and shut-

down characteristics, and temperature uniformity.  

Testing showed the advantages and key limitations of these 

burners. The high-throughput burners could provide high out-

put; however, these led to high emissions and potential mate-

rial degradation. Burner materials such as ceramics led to 

cracking due to thermal cycling and were difficult to form into 

different shapes. Other materials such as metal fibers lead to 

non-uniform mixing, non-uniform temperature profiles, and 

loss of fiber material due to high-temperature zones.  

Metal foam materials testing showed promise in certain as-

pects, such as adapting to different shapes and layouts, more 

robust design, and improved thermal cycling characteristics. 

This material showed the potential to replace a majority of the 

materials and be able to provide a long-term solution to gas-

fired IR.  

Emissions and performance testing showed that the non-

uniform mixing and high local temperatures led to increased 

NOx emissions (>20 ppm @ 3% O2). In addition, the start-up 

time for a gas-fired IR was high (>7 seconds) with burner ma-

terial choice making a significant impact.  

Based on the testing of all the burners and in discussion with 

OEMs, some materials show great promise but also challeng-

es to be considered, such as:  

• Low backpressure can make air/fuel distribution difficult 

across a large burner face  

• Adequate life expectancy may need to be demonstrated 

• Fabrication or durabililty – material can tear or fracture if 

bends are too sharp  

• Safe mode of failure (if subjected to extreme temperature) 

must be demonstrated 

• Potential backlighting must be reduced or eliminated  

• Material can be subject to oxidation, and  

• Material may trap particulates. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Burner assembly with multiple IR burners designed for host site. 

“This project is evaluating 
advanced materials for 
improved performance,  
increase efficiency, and  
durability. It is critical to  

evaluate these materials.”  

- Tom Martelle 
  Chief Engineer 
  Solaronics, Inc. 
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This UTD project supports and co-founds a larger industrial 

demonstration project on an aluminum-melting furnace with 

prime funding provided by the California Energy Commission 

(CEC) .  

 

Benefits / Market Implications 

This project addresses a large potential market for furnaces 

that are not yet using combustion-air preheating. These fur-

naces are found in industry (die casting, foundries, minerals 

and ore processing, various chemical processes), agriculture 

(drying, roasting), and commercial cooking (bakeries, general 

cooking, chips, brewing). Equipment sizes are different from 

one industry segment to another, but the RRSE is highly 

adaptable and can easily be sized for a wide variety of com-

mercial and industrial applications.  

Project Description 

A common way to increase the efficiency of commercial and 

industrial furnaces is to use a heat exchanger to transfer 

heat from hot exhaust gas to combustion air. While preheat-

ing combustion air can lower natural gas demand by 10%-

40%, many furnaces do not employ this simple means of 

energy savings because the higher equipment costs make 

payback times too long to justify the investment.  

This project addresses this issue by demonstrating a tech-

nology known as the Radiative Recuperator with Secondary 

Emitters (RRSE) – a technology that has been found to be 

more compact, less expensive, and more efficient than heat 

exchangers currently available in North America. The 

RRSE’s shorter payback time can enable this technology to 

be installed on many commercial and industrial furnaces that 

currently have no cost-effective means to recoup exhaust-

gas heat to save energy and reduce emissions.  

The objective of this project is to demonstrate the capabili-

ties of the RRSE in a real-world setting in North America. 

The RRSE was developed at the Center for Energy Efficient 

Technologies (CEET) of the National Academy of Sciences, 

Ukraine. The RRSE has undergone significant development, 

modeling, laboratory testing, and initial industrial testing. But 

despite extensive testing and impressive performance re-

sults, the RRSE has never been deployed outside eastern 

Europe. The demonstration supported through this project 

provides an opportunity to demonstrate how this advanced 

heat-recovery device can benefit many industrial end users.  

The RRSE is supplied with flexible inserts known as second-

ary emitters inside the tubes along the full length of the sys-

tem. The arrangement has been demonstrated to be superi-

or to existing recuperator designs equipped with spiral in-

serts (turbolators). Compared to conventional heat exchang-

ers, the RRSE has: 

• Increased heat transfer from flue gas to combustion air 

• Higher combustion-air preheat temperature 

• Decreased heat-transfer surface area 

• Lower total weight of recuperator metal, and 

• Lower wall-surface temperatures (leading to longer service 

life). 

This project involves designing and demonstrating – at full industrial scale in North 

America – an advanced, compact, and economical recuperator technology to preheat 
furnace combustion air. Operators of commercial and industrial furnaces can use this 
technology to achieve large energy savings. 



• Demonstration Testing 

Independent variables to be evaluated include number of 

secondary inserts, temperature of preheated air, velocity of 

exhaust gas and air through the RRSE unit, and volume of 

exhaust gas processed. Results will be used to optimize the 

system design and to validate the technology in preparation 

for commercial roll-out of the technology in North America.  

 
Results 

Researchers are using a recuperator design with a stacker for 

scrap preheating to maximize heat recovery. It was found that 

potential energy savings of 19% can be obtained with air pre-

heating alone. When scrap preheating is combined with air 

preheating, energy savings as high as 34% can potentially be 

achieved.  

Several rounds of preliminary RRSE designs were carried out 

to reach a design that fits the geometry of the space available 

without interfering with furnace operation. Computation Fluid 

Dynamics calculations were completed for the three-pass 

design, showing that the recuperator design is able to provide 

the heat recovery desired for the RRSE. Also, calculations 

showed that the insulation is sufficient to keep the recuperator 

surface temperature at a low, safe value.  

Earlier project activities also included project planning and 

execution; completion of the air-quality permit modification; 

recuperator modeling, design, and fabrication; and furnace 

refurbishment including new insulation brick installed and the 

burners mounted. A new control panel using a modern micro-

processor was installed and programmed. 

 

Status 

The recuperator, furnace, and refractory are complete, and all 

components were delivered to the host site. The furnace with 

recuperator was installed. When new burners arrive, they will 

be installed and the demonstration testing will be carried out. 

A new blower has also been received. The gas and air train 

designs are complete, and components are being assembled 

for completion.  

Data from five regimes (a baseline regime with no heat recu-

peration and four other regimes) will be collected and pro-

cessed to demonstrate the natural gas savings. Testing will 

follow typical batch-furnace operations using no recuperator, 

the recuperator alone, and the recuperator with the stacker.  
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The RRSE can provide cost-effective energy savings on a 

wide range of furnaces. To illustrate one large potential group 

of end users who could benefit from RRSE heat exchangers, 

the North American Die Casting Association estimates there 

are more than 400 die casters in the United States; most do 

not presently use any exhaust-gas heat-recovery devices. 

Saving 30% of the energy used by 30% of U.S. die-casting 

furnaces would reduce U.S. gas demand by 60 million cubic 

feet per year.  

 
Technical Concept & Approach 

Specific tasks for this project include: 

• RRSE Design  

The full-sized design serves as a template for design of 

various sizes and configurations. 

• Fabrication  

An industrial configuration of the RRSE will be fabricated 

specific to the field test demonstration site furnace capacity.  

• Industrial Installation  

The RRSE will be installed on the exhaust duct of an alumi-

num-melting furnace at a die-casting company in California. 

This will be part of a larger installation of equipment de-

signed to demonstrate energy savings on this furnace.  

Re-designed recuperator in the laboratory. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Using the remaining thermal energy in the humid exhaust gas 

from the facility’s drying kiln will help to conserve water and 

enable the plant to receive an added benefit from the same 

natural gas already being burned in the kiln, thereby also 

conserving natural gas.  

Project work will begin with modeling and design of the 

demonstration unit. Plant information will be used  to model 

and design the demonstration unit. The unit is expected to 

recover water from 10% of the kiln exhaust gas. After model-

ing and design calculations, a skid-mounted system was de-

signed.  

Demonstration testing will be carried out over a period of at 

least six months. A full set of performance data will be collect-

ed. When the demonstration testing data is available, the 

project team will develop a technology transfer strategy, in-

cluding a product-readiness plan.  

Project Description 

Industries that use large volumes of water to cool natural-

gas-fired furnaces could save energy and money if water 

from hot exhaust gases can be economically recovered and 

returned to the plant for cooling and other uses. A research 

team is demonstrating an innovative self-regulated ejector 

cooling system that generates colder water at a manufactur-

ing plant, which, in turn, can increase overall efficiency. This 

effort is being conducted in collaboration with the California 

Energy Commission (CEC) and a leading U.S. drywall man-

ufacturer. UTD is providing co-funding to the prime funding 

provided by CEC. 

The thermal ejector technology to be demonstrated is the 

first practical technology that can recover  room-temperature 

water that can immediately be returned to a plant and used 

for process cooling.  

 
Benefits / Market Implications 

Operators of drying, curing, commercial cooking, and other 

agricultural and industrial processes with humid exhaust 

gases are strongly positioned to realize large benefits from 

this thermal ejector technology. This technology offers the 

opportunity to reduce the huge water demand at power 

plants. Overall, freshwater savings are estimated at one 

billion gallons per year in California if deployed for example 

on 50% of applicable industrial and commercial furnaces.  

Some sites can also save significant amounts of natural gas 

when warm water produced by a unit displaces ambient tem-

perature waster supplies. Carbon dioxide emissions would 

also decrease at sites where recovered warm water reduces 

natural gas demand.  

 
Technical Concept & Approach 

For this project, a demonstration of thermal ejector technolo-

gy will be conducted  at a major industrial host site in Califor-

nia. The project team will attach a demonstration scale unit 

to the humid exhaust gas of equipment at the facility, and 

recover water from a portion of that exhaust gas. The 

demonstration system will be based on the laboratory-tested 

prototype, but will have production capacity of one ton of 

water per hour (~241 gallons/hour).  

In a field demonstration at a large industrial facility in California, researchers are applying 
a novel new thermal ejector technology to recover useful process water from humid  
exhaust gas, which in turn can increase overall efficiency.  

California host site facility. 
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Results 

Initially, project representatives visited the demonstration site 

to meet the project team, initiate the air quality permit modifi-

cation process, and address developments for the water-

recovery unit. Information from the visit was sufficient to plan 

the positioning and size of the skid-mounted demonstration 

unit.  

The host site provided exhaust gas data for a furnace similar 

to the one to be used for the demonstration. This data con-

firmed the anticipated range of exhaust-gas compositions, 

including water content, to be expected. Data on exhaust gas-

es confirmed the anticipated range of exhaust gas composi-

tions, including water content, to be expected.  

The process layout and fabrication drawings were completed, 

and the full materials and equipment list with vendors and 

prices was completed.  

Additional research focused on modifying and simplifying the 

demonstration system design.  

The final system design has one quarter the footprint of the 

first system design and is much more conducive for further 

scale-up. In the final system design, no external water is re-

quired and the power demand was greatly reduced. Compo-

nents are reasonable in size because there are no gas to gas 

heat exchangers in the system.  

Final design and system layout for the improved water-

recovery system were completed with assembly details for the 

electric boxes, wiring, and sensor locations. The system will 

be placed on a single skid with a footprint of 31 x 8 feet.  

Data from the host site confirmed the anticipated range of 

exhaust gas compositions, including water content, to be ex-

pected. The water content in the 256ºF exhaust gas is 43 vol-

ume percent (32 weight percent). While the project goal is to 

demonstrate water recovery of 100 gallons per hour, the 

amount of water recovered will depend on ambient air temper-

ature which changes from day to night and around the year. 

Review of historical weather data shows that although temper-

ature can reach 117ºF on summer days, the average year-

round temperature is 73ºF. This data has been used to design 

a demonstration unit producing 100 gallons per hour of water 

at 73ºF. Water recovery will be lower at higher ambient air 

temperatures.  

Detailed fabrication drawings were completed. All equipment 

was ordered with attention turned to assembly and final heat-

exchanger fabrication.  

The skid framework and electrical boxes were completed. All 

components were installed on the skid frame. Wiring and sen-

sors were installed and checked for proper installation and 

accuracy. The skid was finished, moved to the host site, and 

connected to the exhaust duct with mechanical and electrical 

connections. Startup in fully-automated operation was initiated 

in April 2021.   

In the final design, no external water is required and the pow-

er demand has been greatly reduced. Water and refrigerant 

are recirculated in closed loops to cool the flue gas. Ambient 

air moved by low-pressure drop fans is used to extract heat 

from the refrigerant into the environment. The external power 

needed is for two water pumps, two ambient air fans, the flue 

gas blower, valves, and controls.  

 

Status 

Automated operation and data collection worked well through 

the first four months of the demonstration period. Results 

confirm an average water-recovery rate of 83 gallons per 

hour. More than 60,000 gallons of water were recovered so 

far.  

The algorithm controlling the two heat exchanger units re-

sponded appropriately as ambient air temperature rose and 

fell. Water-recovery rate drops as temperatures exceed     

85ºF. The required process energy in kWh per gallons of wa-

ter recovered declines as ambient air temperature declines 

because less outside air is needed to remove heat from the 

thermal ejector pipes  

Ongoing activities in project 2.17.A include: conduct paramet-

ric system testing to optimize system output and efficiency; 

and carry out 12-month, long-term-durability tests. 

Ongoing activities in 2.20.D are focused on scaling-up the 

technology to larger sizes, as next steps towards large-scale 

commercialization. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Benefits / Market Implications 

The technology being developed in this project is expected to 

have the potential to save at least 50% of the energy used for 

commercial clothes drying, due to its unique approach to inte-

grate heating and vacuum for moisture removal.  

Using one thermo-vacuum dryer for a nominal load of 50 

pounds of dry laundry results in an estimated annual savings 

of approximately $8,000. The annual savings from the use of 

new drying technology across the nation has a potential to 

reach over $2.5 billion.  

Preliminary estimated benefits of the clothes-drying technolo-

gy under development are:  

• Higher Combined Energy Factor (CEF): 5-6 (estimated) 

versus 3-4 (ENERGY STAR, conventional)  

• $6K-8K annual savings (payback period under two years) 

Project Description 

The most common commercial clothes-drying method uses 

a combination of electrically-driven centrifuge coupled with 

moisture evaporation by heated air. Research suggests that 

integrating a thermal-driven ejector vacuum system into a 

commercial dryer can provide significant performance im-

provements along with substantial fuel savings and reduced 

water consumption.  

The goals of this project are to develop an advanced clothes 

dryer concept and demonstrate the technical and economic 

benefits of an innovative ejector-based technology that can 

minimize heat losses and accelerate the drying process due 

to the simultaneous thermal and vacuum effect on moisture 

removal from the capillary fibers of the laundry being dried.  

UTD is partnering with the U.S. Department of Energy 

(DOE) on this technology development by providing co-

funding to a major prime contract award from DOE. 

Researchers are developing and demonstrating at laboratory scale an advanced  

prototype gas-fired commercial clothes dryer. The technology has the potential to 
save at least 50% of the energy used in the commercial laundry sector, while also  
reducing drying time and water consumption. 

Laboratory bench-scale testing. 
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• Drying-time reduction 5-10 times (depending on the fabric 

type and selected drying conditions), and 

• At least 20% reduction in water consumption. 

The primary target markets impacted will be commercial laun-

dry markets, including on-premise laundries, multi-family 

housing, dry cleaners, industrial, and coin-operated facilities. 

Special focus is made on “cleanroom” applications, including 

healthcare and electronic manufacturing.  

 
Technical Concept & Approach 

The main element of the thermo-vacuum drying system is an 

ejector, which simultaneously provides a dynamic vacuum 

and removes moisture from the drying chamber. The opera-

tion relies on the heat circulating mostly in a closed cycle be-

tween the gas-fired steam generator, the vacuum ejector, and 

the drying chamber. This leads to continuous heat recupera-

tion, which makes the process highly energy efficient.  

This technology should not require replacing existing laundry 

equipment completely; it can be used to upgrade existing dry-

ers to a higher performance level. In addition, this technology 

may allow combining both washing and drying processes in 

new installations. This will simplify the system design, reduce 

the cost of the drying process, and, therefore, reduce the op-

eration footprint. 

In Phase 1 of this project, researchers performed a commer-

cial market review along with a preliminary cost/benefit analy-

sis and estimation of a simple payback period.  

In Phase 2, UTD is providing co-funding with a large contract 

with prime funding provided by the DOE to: characterize a 

refined concept and experimentally define the drying curves 

for three test fabric types; specify key components of the pro-

totype to be tested; develop a test plan and matrix, and identi-

fy applicable measurement and verification protocols.  

 
Results 

In Phase 1, researchers conducted a bench-scale evaluation 

of the technology concept and proved its feasibility. A bench-

scale system was then constructed by modifying a commer-

cially-available residential clothes dryer with an integrated 

heat exchanger and steam-driven ejector. Preliminary testing 

was completed with encouraging results that indicate a possi-

bility of either reduced drying time or increased throughput.  

A thermodynamic analysis of the thermal vacuum drying cycle 

showed that the overall efficiency increases by at least a fac-

tor of two.  

The heat transfer coefficient from condensing steam to the 

wet laundry through the wall of the perforated rotating drum 

decreases as drying progresses, but this does not adversely 

affect the heat and mass transfer process due to a sharp de-

crease in the heat and mass flow of steam at the final stage 

of drying.  

Bench-scale experimentation for drying of selected fabric 

samples was conducted. These drying curves will serve as a 

basis for designing prototype units, and help inform the devel-

opment of refined drying curves.  

Commercial product lines were assessed and evaluated, and 

major equipment OEMs were contacted.  

The integrated drying concept was characterized to establish 

the baseline performance. A benchmark unit for the laborato-

ry-scale testing was defined and specification of key compo-

nents is in progress.  

In 2020, the numerical model of the thermo-vacuum drying 

process was refined and verified with the initial bench-scale 

experimental data. The feasibility study and bench-scale eval-

uation demonstrated the superior performance of the technol-

ogy and provided promising results for moving the technology 

forward.  

A paper entitled Thermodynamic Analysis of Thermo-vacuum 

Clothes Drying Operation that includes the methodology, 

model description, and  process energy analysis was present-

ed at the 18th International Refrigeration and Air Conditioning 

Conference in May 2021.  

In 2021, promising discussions occurred with major equip-

ment manufacturers, which demonstrated significant market 

interest. In addition, the U.S. Patent Office continued to re-

view related U.S. patent application 62/785,769. 

 

Status 

The project team continues to perform bench-scale experi-

mentation to refine the drying curves for key components 

specification and model verification.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Example of drying curve for 35/65 cotton/polyester blend fabric. 
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of states – including California, New York, Massachusetts, 

New Jersey, and North Carolina –  have initiated specific 

incentive programs for CHP.  

This project analyzed the baseline operational reliability of 

CHP/DG systems, ranging from micro-CHP systems under 

50 kW to industrial CHP applications.  

Facility managers, researchers, manufacturers, and utilities 

can use this information to identify potential improvements in 

the operational reliability of CHP/DG systems. An established 

baseline will also allow current and potential users to bench-

mark the reliability of natural gas CHP systems.  

 
Technical Concept & Approach 

For this project, researchers reviewed and summarized avail-

able reliability data on current operational CHP or DG sys-

tems. The team also explored how performance can be used 

to infer traditional operational reliability parameters.  

CHP operation reliability data was collected from multiple 

sources, including the Department of Energy’s (DOE) CHP 

Technical Assistance Partnerships, DOE CHP Installation 

Database, and others.  

For this project, researchers analyzed the long-term reliability and performance of high-

efficiency gas-fueled combined heat-and-power (CHP) and distributed-generation (DG) 
technologies. The results identified potential opportunities to further improve the  
performance and reliability of CHP/DG systems for end users.  

A variety of CHP and DG equipment types were studied. 

Project Description 

Combined heat-and-power (CHP) applications typically 

improve energy efficiency, reduce operating costs, and 

enhance energy resilience for both individual customers as 

well as the regional power grid. Distributed generation (DG) 

or micro-grids using CHP can generate power during wide-

spread power outages or be dispatched by electric utilities 

during periods of high electric demand to relieve local grid 

stress and prevent brownouts.  

In this project, researchers analyzed the performance of 

existing natural-gas-fueled power CHP or DG technologies 

based on available data from select sources, with the ulti-

mate goal to identify potential opportunities to further im-

prove the performance of CHP/DG systems for facility man-

agers and other end users. The project team analyzed long

-term monitored performance data on hundreds of CHP 

installations in multiple states. 

 
Benefits / Market Implications 

CHP is recognized as a proven technology for improving 

energy efficiency. Twenty-three states include CHP in one 

form or another as part of their Renewable Portfolio Stand-

ards or Energy Efficiency Resource Standards. A number 



The project team created a detailed CHP database of 275 

sites and more than 300 prime movers. The database con-

sists of multi-year performance data from installed CHP sys-

tems, ranging from microCHP systems under 50 kW to larger 

commercial applications such as multifamily residences, hos-

pitals, office buildings, and educational facilities. CHP prime 

movers include reciprocating engines, micro-turbines, fuel 

cells, and gas/steam turbines. The database included meas-

ured power production and runtime, as well as calculated pa-

rameters that indicate the long-term reliability of CHP sys-

tems.   

This analysis quantified the reliability of a wide range of CHP 

technologies and identified typical outage or failure modes. 

This study allowed current and potential users to benchmark 

the reliability of natural gas CHP, and identified any potential 

research needed to improve the long-term performance of 

CHP systems. 

Data was grouped into technology categories for comparison 

based on key parameters, such as prime mover type, capaci-

ty, and application (e.g., continuous, thermal led, and peak 

shaving).  

 
Results 

The project team developed methodologies to determine an 

operating strategy based on existing CHP data and a statisti-

cal approach to predict planned vs. unplanned downtime as 

an indicator of system reliability. This approach included the 

development of custom software algorithms to compare the 

time of outages to the same time of day within a given time 

period. The project team also developed an approach to ac-

count for scheduled maintenance based on prime mover type.  

Algorithms were modified to improve the handling of missing 

data. Algorithms were further refined by analyzing a subset of 

40 systems with known operating strategies to validate algo-

rithm results. 

The algorithms were then used to analyze CHP performance 

data within each category to identify the equipment types, 

applications, operating modes, or other parameters that im-

pact CHP reliability.  

The project team identified key metrics based on the IEEE 

Guide for Electric Power Distribution. These metrics were 

used to quantify reliability and identify key parameters that 

influence reliability, such as prime mover type, size, building 

application, and operational strategy.  

Based on the sample dataset, reciprocating engines make up 

the majority of natural gas CHP systems. The operating strate-

gy for most CHP systems (71%) was non-thermal or electric 

load following. Prime movers typically selected for baseload 

applications, such as fuel cells, steam turbines, and gas tur-

bines, were predominately used for electric load following ap-

plications. Micro-turbines were split between thermal load fol-

lowing and electric load following applications. Reciprocating 

engines which can start up quickly, modulate and operate 

efficiently at variable loads were used in the majority of ther-

mal load following applications (79 out of 88).   

Several prime mover types (including reciprocating engines, 

micro-turbines, fuel cells, and gas/steam turbines) were ana-

lyzed with capacities ranging from under 50 kW to large com-

mercial applications of more than 2,000 kW. The operational 

strategy for each system is categorized as thermal load follow-

ing (TLF) or non-thermal load following (non-TLF), such as 

electric load following or baseload operation. 

Researchers assessed the validity and robustness of the 

methodology using power data to identify and classify outages 

or unexpected equipment failures. Results were compared to 

manufacturer data, operation and maintenance logs, and 

known parameters to continue refining the algorithm to identify 

unplanned outages and quantify long-term reliability.  

  

Status 

This project is complete. Results were summarized in a Final 

Report that was issued in April 2021.  

Recommendations for future research is to use this methodol-

ogy to conduct a more in-depth analysis of available CHP op-

eration data. Exploring how other variables, such as prime 

mover age or cycle rate, will increase understanding of the 

specific parameters that affect reliability and how reliability 

changes with time.  

“National Grid is a member of the  
DOE’s Better Buildings CHP for Resiliency 
Accelerator and is happy to support a 
project like this that can advance CHP  
and DG technology. We have long known 
the potential for CHP and DG systems to 
support our customers. Utility networks are 
large and scalable, but rely on reliable  
equipment operating efficiently at  high 
load factors. This research promises  
to make this a reality.”  

 
- Christopher A. Cavanagh 
  Principal Program Manager - Future of Heat 
  National Grid 
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For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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turer. The burner demonstrated the ability to achieve             

<9 vppm NOx emissions with 4:1 turndown. NOx emission 

requirements of 9, 12, or 20 vppm are satisfied through ad-

justment of excess oxygen, allowing the same burner to oper-

ate across a wide spectrum of U.S. boiler markets.   

In comparison to conventional ultra-low-NOx (ULN) burner 

technologies operating at <9 vppm NOx, the prototype burner 

provides a 2.3 percentage point gain in efficiency for opera-

tion at <9 vppm NOx (83.6% versus 81.3% efficiency).  

The objective for this project was to field test and deploy a 

commercial prototype high-efficiency, low-emission, natural-

gas-fired burner to meet current requirements in California as 

well as expected future requirements in non-attainment areas 

throughout the world.  

The ultimate goal is to commercialize a high-efficiency com-

mercial burner that is economically and operationally more 

attractive to end users than current boiler systems.  

UTD’s partner in this project is the California Energy Commis-

sion (CEC), and UTD provided co-funding to the prime fund-

ing provided by CEC.  

Project Description 

Current state-of-the-art burners are able to achieve <9 vppm 

NOx, but with high levels of excess air, which reduces boiler 

efficiency. Options for achieving low emissions for burners in 

the commercial sector are to either install Selective Catalytic 

Reduction (SCR) or Flue Gas Recirculation (FGR). Howev-

er, SCR systems are expensive and require additional per-

mitting for ammonia slip and added maintenance costs, floor 

space, and expendable costs (urea and aqueous ammonia). 

The FGR systems also require additional equipment (e.g., a 

hot fan, insulated ducting, and controls). In addition, a high 

level of recirculated gases may present challenges to 

achieve single-digit emissions. A cost-effective, high-

efficiency low-emission burner would eliminate the need for 

SCR and FGR.  

Through previous UTD studies, a method was developed for 

improving flame stability and mitigating combustion noise, a 

major issue with low-emission burners. In this project, the 

technique was incorporated into the burner design. 

A pre-commercial prototype burner was designed in collabo-

ration with Power Flame, Inc., a major U.S. burner manufac-

A field test successfully demonstrated a commercial prototype high-efficiency,  

economical, natural-gas-fired burner to meet ultra-low-NOx emission requirements  
in California and future requirements anticipated elsewhere. To date, a commercial 
laundry host site has documented 9% savings in fuel use during more than 10,000 
hours of real-world conditions, with emissions <9ppm NOx.  

Installation at California commercial laundry facility. 
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Benefits / Market Implications 

The burner offers a cost-competitive alternative – in an easy-

to-operate and simple design – to currently available equip-

ment for the commercial hot-water/steam-generation market, 

and a means for achieving compliance in several major mar-

kets. Monitoring the performance of a commercially-integrated 

low-emissions boiler/burner system, complete with a controls 

package, will provide critical data needed to facilitate its com-

mercialization.  

 
Technical Concept & Approach 

This project specifically focuses on incorporating advanced 

control systems and combustion stability techniques into a 

burner design. The project team is addressing the remaining 

technical requirements for the pre-commercial burner technol-

ogy through support and monitoring of a field demonstration at 

a linen supply company in California.  

The technology is unique in its ability to achieve ultra-low 

emission levels and increase boiler efficiency compared to 

conventional burners. The burner incorporates dynamic flow 

geometry to achieve induced entrainment of cooled products 

of combustion, providing greater spatial uniformity in the distri-

bution of the reacting species, heat release rates, and temper-

atures. Also, the technology allows for staging of combustion 

reactants within the combustion chamber, providing further 

thermal distribution within the boiler chamber. These features 

minimize localized high-temperatures regions within the flame, 

limiting the production of thermal NOx in a simple and robust 

design.  

In the demonstration, a 125 HP burner/boiler system supplies 

steam to a commercial laundry facility. The goal is to evaluate 

the boiler/burner system performance over an extended moni-

toring period at the demonstration host facility. 

 
Results 

The monitoring system for the pre-commercial boiler/burner 

system was installed in early 2018 at the commercial laundry 

facility. The boiler/burner consistently achieved emissions      

<9 vppm NOx without the need for costly and complex SCR, 

external FGR, or operation at high-excess-air levels. Exten-

sive evaluation of the technology for over 10,000 hours of  

real-world conditions proved the burner capable of meeting 

low-emission levels while operating with relatively low excess 

air and high efficiency levels. The host site demonstration 

documented a 9% savings in fuel usage as compared to the 

baseline boiler.  

In addition to the continuous year-long operation and the en-

ergy savings, the host site operations manager noted that: 1) 

the control panel display provides the operator with a clear, 

concise readout of the operating parameters, 2) operating 

conditions are stable and stay consistent with set points, and 

3) the data-logging system provides operator knowledge for 

troubleshooting any issues that may arise. 

Operating emissions are far below the regulatory threshold, 

with significant fuel savings when compared to the previous 

installation. 

Updated emission regulations sets a new stricter emission 

limit for units of the size proposed. The South Coast Air Quali-

ty Management District considers the replacement burner as 

a “new” unit installation and required a new emission limit of  

9 ppm NOx beginning January 1, 2020. A permit was issued 

in mid-February.  

In 2020, the site was prepared for the commercial burner in-

stallation. Power Flame attempted to scale the burner design 

to 300 HP (their most requested burner capacity). The com-

pany fabricated and tested a burner at its manufacturing facili-

ty. Initial results show sub 5 ppm NOx at low fire with emis-

sions increasing to 10 ppm at high fire. Researchers provided 

guidance to lower emissions to sub 5 ppm NOx across the full 

firing range.  

Commissioning of the commercial burner began in March 

2021. Several modifications were attempted.  

An independent third party conducted a source test in May. 

Testing for all series confirmed <7 ppm NOx emissions and 

CO emissions below their lower detectable limit (24 ppm). 

Burner operation was observed as the unit successfully fol-

lowed changing load conditions.  

 

Status 

A Final Report was submitted to CEC, and researchers are 

preparing a Final Report for UTD. Researchers are continuing 

to provide support for the host site.   

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

- Mark Saposnik 
  Energy/Compliance Engineer 
  Mission Linen Supply 

“It has been a pleasure to be involved with the 
team at GTI for the development of the High-
Efficiency Ultra-Low-NOx Commercial Boiler 
Burner at our site. The end result has been a  
boiler burner that enhances our commitment 
to the environment and, at the same time, 
yields substantial energy savings. Thanks for 
a job well done!”  
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results with commercialization partners, and develop a 

plan to perform pre-commercial testing in a single-burner 

test rig. 

 

Benefits / Market Implications 

The insights gained from this research are expected to bene-

fit users of a wide variety of gas-fueled equipment that can 

utilize the advanced nozzle burner. 

Current 3D-printing costs already show a potential 25%-50% 

reduction in the cost of current commercial water-heater 

burners, for example, while achieving superior efficiency, 

operation, and emissions reductions. As the technology pro-

gresses and better and faster 3D-printing machines are intro-

duced, the economies of scale will have a significant impact 

on the final cost of the burner.  

These cost benefits will directly or indirectly help customers 

and natural gas users. Improved efficiency with low first-cost, 

reduced lead-time, and reduced greenhouse gases, NOx, 

CO, and other emissions can have a positive affect of safety, 

reliability, and affordability while enhancing environmental 

protection.  

Project Description 

Manufacturers and the natural gas industry are looking at 

methods to reduce first costs for end users and ratepayers, 

improve system efficiency, reduce emissions, and provide 

products and services with greater market acceptance and 

improved customer satisfaction.  

Additive manufacturing (AM) or 3D printing provides key 

benefits to offset these challenges and is making manufac-

turing more competitive and attractive. In addition, using AM 

opens up new design opportunities to significantly improve 

efficiency and reduce emissions, while reducing spare parts 

inventories. 

Three-dimensional printing has gained traction in multiple 

industries. However, it is important to manufacture the prod-

uct by Designing for Additive Manufacturing (DfAM). In-

creasing part value through intelligent optimization helps 

significantly lower the part cost. Effective DfAM can result in 

a reduction of support structures, material, part weight, in-

ventory, maintenance, and assembly labor, leading to con-

siderable cost savings and a product that performs better 

and is more competitive.  

For this project, researchers designed, developed, and test-

ed a 3D-printed advanced nozzle in a previous UTD project. 

This design incorporates beneficial complex, unique fea-

tures that are impossible or very difficult to manufacture 

using traditional methods.  

Low-volume costs, reduced lead-time, complex designs, and 

customizable parts are the key benefits of 3D printing. How-

ever, for larger-volume production, the cost is not yet com-

petitive with traditional manufacturing. In this project, re-

searchers are evaluating large-volume manufacturing costs 

using 3D printing and other techniques to significantly re-

duce this cost. 

Specific project goals were to: 

• Design and develop a 200 kW ultra-low-emissions 3D-

printed burner capable of achieving the performance met-

rics (< 5 ppm NOx, < 10 ppm CO, and turndown of > 6 to 1 

for combined heat and power (CHP) applications 

• 3D print the burner with the key complex features, and 

• Test the scaled-up burner at atmospheric pressure to 

demonstrate the performance and operability, discuss test 

Researchers developed a low-first-cost, high-efficiency, low-emissions advanced nozzle 

burner with improved performance and economy by using new 3D printing techniques 
and optimizing the design, material selection, processing, and other factors. 
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Technical Concept & Approach 

The project evaluated techniques to improve performance 

while lowering first costs for the advanced nozzle 3D-printed 

burner design for combustion turbines that can be used in 

CHP, distributed generation, and air-heating applications.  

Specific tasks included: 

• Design and Process Improvements to the Advanced 

Nozzle Burner 

Researchers identified and adapted design and process 

changes. One of the key aspects was to lower the build 

time that will lower the cost of the component. Other key 

parameters are 3D-printing machine selection (i.e., binder 

jetting). Also, machines that can produce the parts at the 

lowest energy input were evaluated. Researchers also re-

viewed different low-cost materials available for this design.  

• 3D Print Design and Evaluation Performance 

After selecting the 3D-printing machine, along with the de-

sign and process parameters, the project team 3D printed 

the advanced nozzle burner. Researchers evaluated and 

documented the cost. Further, burner testing was per-

formed with a scaled-up burner at atmospheric pressure to 

evaluate efficiency, emissions, turndown, and overall perfor-

mance.  

• Review, Report, and Discuss 3D-Printing Costs with 

Manufacturers 

Researchers showcased the benefits and challenges of the 

technology with respect to cost parameters. This enabled a 

dialog with end-use equipment manufacturers that provided 

key inputs to evaluate the advanced nozzle as a design for 

multiple applications and 3D printing as a manufacturing 

method. 

 
Results  

Researchers designed and developed a scaled-up burner 

assembly that can be used in distributed-generation, CHP, 

and air-heating applications.  

Turndown of conventional burners is typically accomplished 

by high excess air addition that lowers available heat as the 

burner transitions to a lower firing rate. This approach results 

in normal operation at higher excess air levels. Conventional  

oven burners often operate on an average 5% below their 

standard efficiency just because of the intentional use of ex-

cess air to achieve turndown. The design developed in this 

project increased efficiency and reduced NOx emissions while 

keeping CO emissions as low as possible with scalability, lead 

time, and flexible operation for the air-heating application.  

The project team designed and analytically evaluated different 

burner and air/fuel mixing assembly configurations for a firing 

capacity of up to 3 MMBtu/hr to understand its impact on 

performance and combustion characteristics. This design 

was evaluated using two different fabrication methods: 1) 

Traditional method (subtractive manufacturing) and 2) 3D 

printing. Traditional manufacturing was evaluated to fabricate 

the burner sub-components that required multi-step fabrica-

tion of each component and assembly of these sub-

components. After each burner nozzle sub-component was 

fabricated, high-temperature brazing for the burner assembly 

was determined to be the most cost effective combined with 

Computer Numerically Controlled (CNC) Tungsten Inert Gas 

(TIG) welding determined as best for high-temperature oper-

ation. Machining each sub-component followed by assembly, 

however, led to significantly increased costs in tooling and 

labor due to the complex parts.  

Researchers modified the design to reduce upfront and post-

processing costs. The project team also reviewed different 

low-cost materials available for this design.  

Two different air/fuel mixing assembly designs were evaluat-

ed that would lead to reduced NOx and CO emissions. The 

design provided ease of fabrication, reduced number of com-

ponents, improved mixing, and lower pressure drop.  

For many air-heating applications, cross-flow air is required 

to be heated as it enters the product target. This cross-flow 

air chamber assembly was also designed and modeled. A 

complete air-heating assembly that could be adapted into the 

field after being tested in the laboratory was then designed 

and fabricated.  

Computational Fluid Dynamics analysis to improve the air/

fuel mixing in the plenum and within the burner was per-

formed to reduce NOx and CO emissions.  

 
Status 

This project is complete. A Final Report was issued in De-

cember 2020. 

The project team successfully designed and developed a 3D-

printed scaled-up burner capable of firing up to 3 MMBtu/hr 

for air-heating, CHP, and distributed generation applications. 

Researchers were able to lower the cost significantly from 

traditional manufacturing and reduce the cost for 3D manu-

facturing by 30% by design and post-processing step reduc-

tion. Discussions with commercialization partners are contin-

uing. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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hr and a 50% duty cycle, the total natural gas used is estimat-

ed at 4.4 billion Btus annually.  

The focus of this project was on developing a low-emission, 

high-efficiency advanced immersion tube technology. Besides 

immersion tubes, the technology may have applications in wa-

ter heaters, firetube boilers, steam generators, duct heaters, 

gas turbines, air heaters, absorption chillers, thermal oxidizers, 

synthetic gas combustion, and combined heat and power sys-

tems. 

There are an estimated 25,000 or more immersion tube burn-

ers in use in the U.S. This does not include a much larger 

number of these units used in the oil and gas industry. For 

comparison, oil and gas operations in Alberta, Canada, alone, 

use an estimated 20,000 to 40,000 immersion tube burners, 

according to 2005 analysis performed for Petroleum Technolo-

gy Alliance Canada.  

Project efforts will help end users meet increasingly-stringent 

environmental regulations while retaining an easy-to-operate 

gas-fired unit. 

Project Description 

Gas and electric immersion heaters are common for heating 

liquids in a variety of applications, including food processing 

such as frying and pasteurizing.  

Electric heaters have advantages in terms of ease of instal-

lation, turndown, compactness, and onsite efficiency, while 

gas-fired heaters have lower fuel costs. Electric heater con-

trols are also generally simpler and easier to operate. In  

gas-fired designs, the bath liquid achieves elevated temper-

atures by firing natural gas through a metal tube immersed 

in liquid. The tube could be of a variety of configurations 

(straight through, U-shaped, W-shaped, circular etc.). Be-

cause of large variations in tube configurations and the very 

high cross-sectional firing intensities required, combustion 

improvements are difficult and current burners continue to 

have limitations with combustion stability, turndown, emis-

sions, and controls. 

Immersion tubes are generally 1.5 inches to eight inches in 

internal diameter, with firing capacities of 24,000 to eight 

million Btu/hr. Assuming an average size of 1.5 million Btu/

A research team designed, built, and tested a prototype low-cost, high-efficiency  

immersion tube burner that is simple to control and has low emissions. The burner 
will be capable of meeting increasingly stringent environmental regulations for end 
users in the food-processing industry and many other applications. 

Examples of immersion tube burners available from various manufacturers. 
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Benefits / Market Implications 

The technology from this project would be applicable to im-

mersion tubes over a wide size range and offers a number of 

benefits, including: 

• Reduced NOx emissions to <10 ppm, compared to common 

levels of 35-40 ppm. State-of-the-art low-NOx burners suita-

ble for this application often claim < 25 ppm NOx at 3% O2, 

but available actual test data can be limited. 

• Increased efficiency to >80%. 

• Potential lower costs due to increased manufacturing/

production efficiency by using advanced 3D manufacturing 

techniques.  

 

Technical Concept & Approach 

Researchers tested a burner concept developed in part during 

a prior UTD project. The burner, with prototypes manufactured 

by UTD research partner Oak Ridge National Laboratory, has 

the potential to provide a very high turndown ratio, uniform 

heat flux, and low NOx levels. It also has simple controls. 

Once set, it only needs to control combustion airflow to meet 

the demand. The design inherently allows the air/natural gas 

ratio to self-regulate over the turndown without the need for 

external controls.  

In laboratory tests, the burner achieved less than five ppm 

NOx (at 3% O2) with low CO on an un-insulated and un-cooled 

combustion chamber. In an immersion tube application, it 

could potentially generate comparable NOx levels at signifi-

cantly lower excess air conditions.  

 
Results 

Researcher designed, developed, and tested an advanced 

immersion tube burner in a simulated immersion tube environ-

ment. Multiple design iterations were analyzed, and a final 

design was 3D manufactured. It provided acceptable operat-

ing characteristics and combustion and emission performance 

for long-term steady and robust operation. Simulated testing 

showed the burner can be adapted to an immersion tube ap-

plication to provide ultra-low emissions of <5 ppm NOx and   

<20 ppm CO at 3% O2  and turndown of 4:1.  

The burner was developed to provide a “drop-in” retrofitable 

design for in-field immersion tubes and was capable of firing 

at 200,000 Btu/hr. Design changes were made to the nozzle 

diameter and the number of nozzles were customized and 

designed to match firing capacity of commercial immersion 

tube burners.  

The design was developed considering three key parameters: 

1. Improved performance 

2. 3D printability, and  

3. Wide applicability to different immersion tube burners.  

3D printing was used as the preferred method of manufactur-

ing because it allowed the incorporation of complex design 

features for improved performance, operability, and stability. 

During the 3D printing process, design improvements for ease 

of manufacturing and reduction in cost were considered.  

A simulated immersion tube test setup was designed and fab-

ricated. A high-temperature small-diameter dome that matches 

the immersion tube diameter and two water-cooled jackets 

that act as heat sinks were designed and fabricated. Emis-

sions measurements were performed. Additional sensors were 

added to measure the overall pressure drop and temperatures 

along the burner. Ignition was performed using a spark ignitor 

and emissions measurements were made using a water-

cooled probe and an analyzer that was calibrated for each 

test.  

The project team conducted performance testing for different 

conditions of the advanced immersion tube burner. This in-

cluded testing for pressure drop, turndown, and emissions 

performance. The overall pressure drop for this burner was 

much lower compared to that which occurs in a conventional 

commercial immersion tube burner (multiple inches of water 

column) at these firing rates, and this leads to efficiency gains 

due to smaller blower or fan requirement.  

The project team evaluated different immersion tube burner 

design configurations for impacts of the nozzle configuration, 

size, throat diameter, number of nozzles, and the included 

angles of the converging and diverging sections of the venturi 

nozzles. The advanced nozzle approach has the ability to 

overcome some of the key challenges and has the potential to 

become a key platform technology for economical low-

emission, high-performance gas-fired immersion tube burner 

systems.  

 
Status 

This project is complete. A Final Report was issued in July 

2021. 

The project team is exploring next steps to make this technolo-

gy available to end users, such as by testing a beta prototype 

unit at an end-user host site.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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load demands can be satisfied by coupling multiple C200S 

units to achieve the required output. In summary, the objec-

tive for this project is to evaluate and characterize the perfor-

mance of the Capstone C200S 200kW Signature Series mi-

cro-turbine in order to scale-up the novel, highly-efficient 

FlexCHP technology to benefit a large number of universi-

ties, hospitals, manufacturers, and other end users.  

 

Benefits / Market Implications 

Successful commercialization and deployment of the 

FlexCHP technology will have a transformative impact on 

commercial and industrial steam markets. Rather than pur-

chasing a standard boiler with a conventional burner, end 

users will have the option of investing in a FlexCHP unit to 

generate on-demand steam and electricity. Customers will 

realize significant cost savings through reductions in electrici-

ty purchased from the grid. Ultimately, greenhouse-gas and 

criteria pollutant emissions will be significantly reduced. 

For steam boiler customers for whom the price differential 

between electricity and natural gas rates exceeds a ratio of    

4 to 1 on a per-unit-energy basis, the economics will likely be 

such that customers can anticipate payback of less than 

three years by purchasing a FlexCHP unit, with significant 

long-term benefit (assuming operation five days a week, 48 

weeks per year). For customers paying electricity rates that 

are six times that of their gas rates (as is the case in key 

markets including California and the Northeast), customers 

Project Description 

To succeed in today’s marketplace, combined heat-and-

power (CHP) systems must achieve high efficiency and low 

emissions in a cost-competitive package that is capable of 

broad deployment throughout existing market segments. The 

FlexCHP technology developed with support from UTD satis-

fies these needs for those installations that need 65 kW de-

mand and 80 boiler-horsepower (BHP). The technology can 

benefit commercial and industrial steam-generation markets 

because of its ability to achieve high steam-production rates 

and efficiencies that are unmatched by any other competing 

turbine-based CHP approach. 

The FlexCHP technology uses exhaust from a turbine gener-

ator as an oxidant for downstream combustion with supple-

mental natural gas to generate steam in a firetube boiler. 

While some competing CHP technologies recover heat from 

the high-temperature turbine exhaust (~600°F) by delivering 

the exhaust through a Heat Recovery Steam Generator 

(HRSG), this approach fails to maximize the quantity of recov-

erable heat because the exhaust excess oxygen levels are 

not reduced. The FlexCHP maximizes efficiency by reducing 

the exhaust oxygen levels from 17.7% in the turbine exhaust 

to 3% in the boiler stack through supplemental combustion. In 

comparison to simply delivering the turbine exhaust through a 

HRSG, the FlexCHP technology provides an efficiency gain of 

more than 30 percentage points (~60% increase). 

FlexCHP is the only CHP technology that demonstrated high 

steam output and efficiencies of 84% without post combustion 

clean-up (e.g., selective catalytic reduction or other expensive 

after-treatment). Further, it is the only technology capable of 

attaining compliance with air-quality regulations in key non-

attainment regions.  

While the FlexCHP systems has been successfully developed 

and field demonstrated at a capacity of 80 BHP and 65 kW 

electricity (by being integrated with a Capstone C65 micro-

turbine), the economics of the technology favors larger-

capacity installations, and thus there is need to develop and 

demonstrate a scaled-up version. The development of an 

integrated turbine/burner/boiler product that offers the addi-

tional advantage of grid-independence for reliable operation 

will advance the adoption of CHP solutions if the development 

team is able to transition from 65 kW to larger units. 

The potential customer base for the larger Capstone C200S 

far exceeds that of the C65, and customers with even higher 

The objective of this project is to evaluate and characterize the performance of the  

Capstone C200S 200kW Signature Series micro-turbine in order to scale-up the novel, 
highly-efficient FlexCHP technology to benefit a large number of universities, hospitals, 
manufacturers, and other end users.  

C200S product image courtesy Capstone Green Energy Corp. 
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can achieve payback in less than 1.5 years. As the FlexCHP 

is deployed more widely and equipment prices are reduced, 

the economic benefits of the technology will increase further. 

As an example, consider a customer with a steam demand of 

200 BHP and electricity load of 200 kWe. This customer could 

install a standard 200 BHP boiler that consumes gas at a rate 

of 8.5 million Btu/h and purchase electricity from the grid. Al-

ternatively, the customer could install a FlexCHP rated at 200 

BHP/200 kWe to generate the required quantity of steam and 

self-generate 200 kWe of electricity, consuming gas at a rate 

of 9.3 million Btu/h. If the customer rates for electricity are four 

times that of their rates for natural gas, on a per-unit-energy 

basis, the customer could reduce its energy costs by 18% 

annually by installing a FlexCHP unit. At the same time, 

greenhouse gas emissions would be reduced by more than 

16% based on a source energy analysis of a representative 

installation site. In addition, the resiliency of electricity sup-

plied to a facility can often be increased. 

 
Technical Concept & Approach 

Activities in this project fit within a broader research program 

to develop and demonstrate an advanced FlexCHP technolo-

gy at larger capacities which is 1) capable of operating on 

both turbine exhaust gas and air and 2) is packaged as a fully-

integrated commercial product across load scales for deploy-

ment by the manufacturing partner. 

Project efforts focus on logistics, procurement, installation, 

and testing of the C200S micro-turbine. A test plan was devel-

oped to characterize system performance across a broad op-

erating range, and data will be compared to the manufacturer 

claims. This will provide insight and knowledge for determin-

ing the optimal burner configuration to be used for scaling the 

technology to larger capacities. 

 
Results 

Project efforts slowed as a result of the COVID-19 pandemic 

and Capstone’s significant workload resulting from the rolling 

electrical blackouts within California, but progress continues, 

including further discussions with Capstone, its distributors, 

and customers regarding the next project activities. 

In 2020, efforts shifted the testing of gas turbines at customer 

sites. Discussions are proceeding with customers at specific 

locations in Florida and Pennsylvania.  

In 2021, Capstone was rebranded as Capstone Green Energy 

Corp. and focuses on four key business segments which will 

align well with increased CHP applications, including the Flex 

CHP technology.  

• Through its Energy as a Service business, it offers rental 

solutions for its micro-turbine energy systems and battery 

storage systems as well as aftermarket parts and compre-

hensive service contracts. 

• Energy Conversion Products are driven by the company’s 

industry-leading, highly efficient, low-emission, resilient mi-

cro-turbine energy systems offering scalable solutions in 

addition to a broad range of customer-tailored solutions. 

• The Energy Storage Products segment designs and installs 

micro-grid storage systems, creating customized solutions 

using a combination of battery technologies and monitoring 

software.  

• Through Hydrogen Energy Solutions, Capstone Green Ener-

gy offers customers a variety of hydrogen products, includ-

ing the company’s micro-turbine energy systems.  

A testing/data collection agreement was finalized and the nec-

essary non-disclosure agreements were executed. 

 

Status 

Planning and coordination activities to secure the required 

operational data (e.g., ambient temperatures, turbine power 

output, fuel input and pressure, exhaust gases, etc.) are pro-

gressing well. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

- Don Ayers 
  Vice President, Technology 
  Capstone Green Energy 

“The FlexCHP system is exactly the type of  
innovation that Capstone Green Energy is  
interested in pursuing as part of our energy  
solutions portfolio. The product will enable  
customers to maximize the returns on their  

investments, while also utilizing clean energy.”   

FlexCHP system. 
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After assessing fluidized-bed and other potential approaches 

for gas-fired particle heating, the team selected the cyclone 

particle separator, which not only allows for very fast heating 

of the particles, but also provides separation and storage of 

hot particles within the same unit. Through standard cyclone 

performance calculations, the preliminary cyclone design was 

specified and shown to capture particles at over 90% efficien-

cy. The basic cyclone separator design was then modified to 

allow supplemental natural-gas firing and its performance 

was assessed. 

To simplify calculations, combustion products were simulated 

by hot air. The results demonstrated the cyclone was able to 

rapidly heat the particles to more than 650°C. The cyclone 

was able to achieve these results for a range of air-inlet ve-

locities, particle-to-air loading ratios, and particle sizes, which 

would allow considerable flexibility in its design.  

The overall objective is to supplement intermittent solar ther-

mal energy or waste-heat recovery and provide integrated 

thermal storage, which can help to economically justify  high-

er-efficiency, base-loaded equipment such as combined heat-

and-power systems and expand the integration of solar ther-

mal energy with natural gas or renewable natural gas at large 

industrial scale. 

The resulting Final Report details two distinct direct-contact 

particle-heating approaches and discusses pros and cons of 

these approaches. Both approaches use cyclones. In the first 

approach, the cyclone is used for heating, partially separating 

(90%), and storing the particles in the same vessel and re-

quires additional hot gas filtration to fully separate and retain 

the particles within the system. In the second approach, two 

smaller cyclones in series are used solely for particle separa-

tion at over 99.999% efficiency.  

This technology received significant R&D prime funding from 

the U.S. Department of Energy’s Advanced Research Pro-

jects - Energy (ARPA-E) and UTD co-funding to ARPA-E. 

 
Benefits / Market Implications 

Recovery and reuse of waste energy from industrial manufac-

turing therefore offers an attractive opportunity to manage 

energy demand and improve productivity, without adding to 

emissions.  

Project Description 

The goal of this project was to demonstrate at pilot scale the 

direct-contact heat exchange between process exhaust flue 

gas and a novel heat-transfer particle system. The 50kW 

prototype would provide a step up in scale from earlier labor-

atory to demonstration pilot, moving towards the overall com-

mercial goal of one megawatt. 

In earlier efforts, a research team designed, built, and tested 

a particle-based thermal energy storage and recovery loop, 

and developed and assessed a natural-gas-fired direct-

contact particle heater design concept through computer fluid 

dynamics modeling.  

The tests on the particle storage loop proved its perfor-

mance. It achieved particle thermal fluid temperature of 580°

C and showed no flow-path abrasion, no particle degrada-

tion, no problematic accumulation of particles, and no chang-

es in heat-transfer rates and system pressure drops over 

many charge/discharge cycles. Follow-on testing on an inte-

grated system with prototype concentrated solar collectors 

achieved particle thermal fluid temperatures approaching 

700°C.  

A promising high-temperature (up to 1,000oC) thermal storage technology was  

developed for field demonstration at a 50kW scale at an industrial facility in California 
to enhance renewable energy integration with natural gas and showcase high-
temperature energy recovery for numerous applications. 
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The particle-based thermal transfer and storage technology 

can potentially recover and store energy at up to 1,000°C for 

on-demand generation of heat and/or power. It can recover 

and store energy from exhaust gases of natural-gas-fired 

equipment, even those that are cyclic or batch processes, 

which are challenging for conventional heat-recovery ap-

proaches. If the technology opportunities identified can recov-

er and reuse 5% of available waste energy from industrial 

natural gas use, the amount of energy saved annually would 

be about 100 BCF of natural gas. Additional benefits would 

accrue from customer productivity improvements and emis-

sions reduction. Annual CO2 emissions would reduce propor-

tionally by more than six million tons. This will help manage 

natural gas demand and can expand solar thermal production 

while making an attractive total integrated system for end 

users. 

Currently there is no other commercially-available technology 

that can effectively recover and reuse waste heat from these 

types of processes.  

The technology is targeted at a 10%-20% reduction in green-

house gas emissions and more than a 50% reduction in NOx 

emissions, while also creating new opportunities to integrate 

solar thermal renewable energy or recover and store waste 

heat.   

 
Technical Concept & Approach 

Specific project tasks included: 

• Design and manufacture of  particle heater  

• Test particle heater performance, and 

• Demonstrate particle heater on solar loop.  

 

Results 

The project demonstrated a direct-contact particle-heating 

technology with integrated storage of particles heated to ≥ 

650°C (1,202°F). Initial efforts were directed at designing a 

cyclone particle heater system with integrated hot particle 

storage for laboratory testing. The cyclone particle heater, 

separator, and storage unit were designed, and different op-

tions were assessed for testing its performance as 1) a self-

contained circulating heating/cooling continuous flow loop, 2) 

heating-cooling continuous flow loop integrated with the parti-

cle transport and storage loop, and 3) a simpler batch-type 

heating-only system.  

After further analysis, it was decided that the cyclone particle 

heating system may not provide sufficient residence time to 

uniformly heat the particles and require setting up a complex 

and costly test facility. An alternative particle-heating, cooling, 

and storage system using a riser particle heater was de-

signed, and theoretically assessed at different design and 

operating conditions. The riser heater design offers several 

advantages, including use of conventional component de-

signs. 

The solar process heating system was to be installed at a 

host site in California to add thermal energy to the site’s pri-

mary process kettle.  

Following successful testing in the manual mode to charac-

terize particle flow performance, the transport and storage 

loop was programmed for continuous automated operation 

and tested for 77 charge-discharge cycles in four series. The 

results met or exceeded all planned milestone targets. 

In 2020, researchers developed a theoretical model based on 

thermodynamic equations to predict results from the test ma-

trix under various/variable operating conditions.  

Performance calculations and design assessment show the 

system will be capable of continuous and stable operation. It 

can heat solid particles to high temperatures using direct-

contact heat transfer with hot gases. The hot particles can be 

used to provide thermal energy to a process or stored for 

later use.  

 
Status 

This project is complete. A Final Report was issued in July 

2021. 

It is recommended to continue the development of the tech-

nology by first testing it in the laboratory followed by field test-

ing at an industrial site for waste-heat recovery and reuse. All 

components have been designed and the system is ready for 

fabrication, installation, and testing.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

All performance results exceeded target goals. 
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• To identify new processes with lower capital and energy 

costs.  

 
Benefits / Market Implications 

The primary target markets impacted will be:  

• Commercial/industrial boilers > 4 MMBtu/h (100 HP)  

• Food processors of grains, vegetables, and fruits 

• Metal processors (forging, heat treating, etc.)  

• Chemical processes  

• Industrial heating processes  

• Industrial furnace operators such as steel, glass,  

aluminum, and cement  

• Small-scale die casters, and  

• Commercial cooking facilities such as bakeries.  

Project Description 

A large body of research was conducted over the last several 

decades on carbon capture and sequestration. Much of the 

R&D in the U.S. was sponsored by the U.S. Department of 

Energy, with studies ranging from laboratory evaluations of 

processes to full-scale demonstrations of carbon capture 

from power plants. 

A much smaller body of research has considered industrial 

carbon capture, specifically a low-cost means to capture a 

moderate amount of carbon from industrial or large commer-

cial facility exhaust gases. Two examples include 1) the 

CleanO2 process to generate sodium carbonate and 2) car-

bon capture using easily-regenerated activated carbons. 

These processes and others were evaluated in this project.  

The goals for this project were:  

• To evaluate processes suited for commercial and industrial 

scale  

• To determine if the costs of existing approaches can be 

lowered, and 

Researchers evaluated methods to cost-effectively capture CO2 from commercial 

and industrial processes. The goals were to determine if the costs of existing  
approaches can be lowered and to identify the most promising end-use-focused 
processes with economical capital and energy costs.  

Various methods and technologies for carbon capture were evaluated in this project, as represented by these images of efforts by:  
Kraftwerk Forschung; Carbon Engineering Ltd; NET Power; and CO2 Concrete LLC.. 
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Benefits to ratepayers and the environment are targeted to 

include lower carbon emissions at a cost that keeps industrial 

and large commercial operations competitive, such as: 

• Identified industrial carbon-capture approaches can save 

industry money when carbon taxes are in place. A $5 net 

saving of cost-to-capture over carbon taxes with 25% car-

bon capture will save 1.5% of natural gas costs.  

• Superior environmental performance can be achieved in a 

cost-effective manner. Moderate CO2 capture of 10%-40% 

can meet upcoming emissions targets and help reduce 

overall emission of greenhouse gases.  

• The identified carbon-capture technologies can easily inte-

grate alternative gas sources. Capture of CO2 is not contin-

gent on the fuel source. If tax and energy benefits are real-

ized using renewable gas supplies, application of these 

identified approaches to carbon capture will provide even 

more savings to industrial customers.  

 
Technical Concept & Approach 

The project approach was to identify and characterize prom-

ising low-cost processes to recover moderate levels of CO2 

from industrial and commercial end-user exhaust gases. This 

was carried out through literature and internet searches, re-

views of technical papers and patents, and discussions with 

technology developers. Other project activities included mod-

eling and cost/benefit analyses of the most promising identi-

fied processes.  

Researchers ranked processes by cost and industrial ap-

plicability. The identified technologies were ranked based on 

a number of factors including maturity, cost, level of CO2 re-

moved, cost per ton of CO2, etc.  

 
Results 

In this project, technologies were investigated, evaluated, 

and ranked for reducing and recovering low and high levels 

of carbon dioxide from industrial processes, furnaces, and 

boilers. A total of 15 approaches were identified, with multiple 

configurations of many of these technologies either possible 

or in development. Costs for carbon dioxide recovery from 

flue gas were found to range from $25/ton to well over $100/

ton. Some technologies are applicable to only certain indus-

trial processes, while other approaches are applicable to a 

wide range of industrial processes.  

Researchers found that none of the identified approaches to 

carbon capture are widely used today in industrial environ-

ments. Some are in early stages of development, some in 

demonstration, and others near commercial. The cost of car-

bon capture has prevented adoption of promising technolo-

gies.  

The main issue with carbon dioxide capture is simply the 

enormous scale involved for most technologies. A large 

amount of carbon dioxide capturing media is needed. It is not 

clear if the production and distribution of this media itself will 

be sustainable or if it will result in additional carbon dioxide 

emissions. Therefore, the project team identified the need to 

continue to aggressively advance the role of efficiency im-

provements as one of the key elements of carbon dioxide 

mitigation.  

The most promising low-cost carbon reduction approaches 

include:  

• Efficiency improvement  

• Biochar  

• Zeolites  

• Coal fly ash, and  

• Synthetic air combustion.  

Moderate-cost carbon capture approaches include:  

• Solar electrochemical  

• Metal organic frameworks  

• Concrete, and  

• Polymer-carbon hybrid membranes.  

High-cost carbon capture approaches include:  

• Rock weathering  

• Direct air capture  

• Amine strippers  

• Ionic liquids  

• Carbonate fuel cells  

• Synthetic air combustion, and  

• Oxygen-gas combustion.  

 

Status 

This project is complete. A Final Report was issued in De-

cember 2020. The finding will help guide UTD’s future efforts 

and priorities related to carbon capture. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Benefits / Market Implications 

Researchers will investigate the following potential benefits: 

• Options for DG/CHP to support electric DR and expand the 

integration of natural gas with renewable natural gas, solar 

energy, ground-source heat pumps, hydrogen/power-to-

gas systems, and the onsite power generation of micro-

grids  

• Reduced life-cycle costs for standby power generation  

• Ability for DR customers to receive advanced warning of 

unstable grid conditions, including blackouts and brown-

outs, and  

• How DR/DSM programs can help support the power grid 

resilience and reliability, and potentially reduce emissions 

from marginal power generation.  

The assessment of DR and DSM opportunities will identify 

operating strategies and other approaches that provide eco-

nomic benefits for DG and CHP systems.  

Growth in DG units and micro-grids could improve the resili-

ence for individual facilities and support the reliability of the 

electric infrastructure and its ability to react to increasingly 

“peaky” generation from increasing amounts of renewable 

energy.  

Onsite power generation is a rapidly growing market due to 

concerns with electric grid reliability and the growing number 

of extreme weather events. This is evidenced by increasing 

Project Description 

Onsite power generation or distributed generation (DG) sys-

tems are used nationwide by a variety of residential, com-

mercial, and industrial customers to avoid disruptions due to 

power loss. These units serve a vital role during electric 

power outages. Combined heat-and-power (CHP) systems 

are other options to provide uninterrupted power during a 

grid outage.  

In addition to standby operation, DG and CHP systems can 

be operated during periods of peak electric demand to tem-

porarily reduce the use of grid power, either by demand-side 

management (DSM) or as part of a utility-sponsored de-

mand-response (DR) program. DR incentives and DSM op-

eration can monetize onsite power generation required for 

reliability and resilience. As participants in a DR program, 

DG/CHP systems operate in response to a curtailment sig-

nal in exchange for financial incentives. Alternatively, a facili-

ty can independently operate its onsite power generation to 

decrease the facility peak electric demand and reduce the 

corresponding electricity costs. Energy cost savings from 

DSM operation or peak shaving can reduce energy costs, 

resulting in superior payback for onsite power generation for 

end users while simultaneously giving electric grid operators 

more options to control peak demands.  

In this project, researchers are reviewing available DR pro-

grams and DSM options and evaluating the potential for life-

cycle cost savings for DG or CHP systems. The objective is 

to develop a technical and economic assessment of oppor-

tunities for peak electric DR that can be achieved from DG 

and CHP installations.  

This project is assessing opportunities to expand peak electric demand response 

from distributed generation and high-efficiency combined heat-and-power system 
installations in order to support increased integration of renewable energy with 
the gas distribution and storage network. 

Examples of current commercial DG product offerings from Cummins and Generac. 
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sales of natural-gas engines and generator sets. According  

salesto data from Power Systems Research, the North Amer-

ican market for 5kW-20kW generator sets (both natural gas 

and liquid propane gas) has grown by more than a factor of 

four since 2000 – totaling about 110,000 units in 2017. Inter-

nationally, sales of larger natural gas engines are also grow-

ing. In 2016, natural gas engines commanded more than 

15% of the market share in the 1-5 MW range (the balance 

being diesel engines) compared to only 4% in 1990. Like-

wise, there continues to be growth in commercial and indus-

trial CHP systems. Commercial-sized CHP systems have 

increased by more than 70% since 2005.  

This project builds upon work conducted under a previous 

UTD project on natural gas on-site power generation, which 

included the development of an online calculator to compare 

the total cost of ownership for natural gas and diesel standby 

power systems. 

The end users who can primarily benefit will likely be those 

that:  

• Are in regions with high demand charges or time-of-use 

electricity rates  

• Are in power-grid-constrained markets or regions with un-

reliable grid power, and  

• Operate facilities that require standby power systems for 

resilience and operational continuity.  

 

Technical Concept & Approach 

This assessment will review current DR programs and identi-

fy key markets and types of end users that can benefit from 

these options. In addition, the assessment will highlight re-

gions or applications with favorable energy-pricing structures 

for peak shaving or DSM.  

Specific areas of focus include: 

• North American Demand Response Programs  

Researchers will review and summarize current DR pro-

grams across North America and identify the key criteria 

and potential economic benefits for specific DG and CHP 

applications.  

This task will also review applicable technologies, including 

CHP configurations suitable for DR operation.  

The team will identify key manufacturers and assess tech-

nology-related issues or gaps.  

• DSM Operation  

Researchers will identify regions with favorable energy 

pricing for DSM operating strategies for commercial DG 

and CHP. This will include case studies or examples to 

illustrate the economic benefits for commercial facilities.  

• Codes and Standards  

Researchers will review and summarize applicable codes 

and standards for onsite power generation, CHP, and DR/

DSM operation, including requirements for installation, 

startup, and periodic testing, in addition to exhaust emis-

sions and runtime specifications.  

 

Results / Status 

The project began in the first quarter of 2020. The project 

was delayed due to COVID-19, but work has resumed and is 

expected to be completed by the end of 2021.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

“DTE Energy is an industry leader in 
reducing greenhouse gas emissions. 
We are encouraging our customers 
to reduce their own emissions.  
Working with the UTD team and 
researching other ways natural gas 
and other renewable sources for 
demand response programs is just 
one-way DTE is supporting its net 
zero goal.” 

- Philip A. Guster 
  Marketing Program Manager 
  DTE Energy 
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In addition to the burner assembly, a cross-flow air-duct as-

sembly provides heated air. The temperature is controlled by 

the burner firing rate.  

The goal of this project is to combine a novel burner technol-

ogy previously developed with UTD’s support with other 

product design improvements into a 3 MMBtu/hr burner-

assembly system to heat process air. Researchers will vali-

date the performance of the burner assembly first in the la-

boratory and then at an end-user’s field host site.  

 

Benefits / Market Implications 

Three primary markets are being targeted: 

• Process air heaters used in automotive and environmental 

applications  

• Food-drying applications, such as milk-flash dryers; and  

• Automotive shops requiring indirect heat.  

The technology has the potential to reduce NOx emissions 

by >80%, CO emissions from 300 ppm to 50 ppm, and blow-

er requirements by 30%, while also increasing efficiency by 

4%.  

Project Description 

Emissions are always a concern with packaged burners due 

to cross-flow or end-flow process air and low-turndown burn-

ers. A new burner at 9 ppm NOx emissions and < 50 ppm CO 

emissions would be innovative in this industry.  

Over the past two years, researchers and manufacturers 

have been involved in developing a prototype new burner 

that offers these improvements. Two manufacturing method-

ologies are being considered:  

1. Precision Manufacturing: The individual test nozzles 

were machined using a Swiss-type lathe and the produc-

tion cost, in volume, was low enough to produce a com-

mercially-viable product. This approach allowed fine 

tuning the geometry without modifications to expensive 

tooling. Experiments were conducted using an internal 

tool with a clamping device to determine what expansion 

is possible without material tearing. After each nozzle 

was fabricated, high-temperature brazing for the burner 

assembly was found to be the most cost effective. 

2. 3D Printing: 3D printing of the complete burner assem-

bly as a single-step operation can reduce the labor and 

tooling costs. In addition, there is no need to braze the 

different nozzles together for further assembly.  

This project is validating the performance of a novel burner assembly both in the  
laboratory and at an end-user host site. The goal is to advance the commercial  
introduction of a new burner that will reduce emissions, energy use, and operating 
and capital expenses for many end users.  

Assembly of the burner unit with air and fuel flow trains in testing laboratory.  
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The project efforts will help advance the commercial introduc-

tion of a more energy-efficient, low-emission burner that will 

bring increased competition into this market segment, there-

by saving energy and reducing operating costs and potential 

capital costs for consumers.  

 
Technical Concept & Approach 

This project will test the air-process heating assembly with a 

focus on the burner performance and progress from a labora-

tory to a host site.  

Specific tasks include: 

• Integrate burner assembly at laboratory  

Researchers will integrate the burner and the cross-flow air 

duct. Exhaust gas temperature and emissions will be 

measured. Two blowers will be installed, one for the burner 

and the other for the cross-flow air. The fuel and the con-

trols will be linked. Shakedown testing of the complete test 

setup will be performed for smooth and safe operation. In 

addition, process parameters will also be discussed with 

host-site representatives and the parasitic loads (e.g., 

blower, controls) will be evaluated based on the site re-

quirements.  

• Evaluate burner performance at laboratory 

The project team will test the assembled burner to evaluate 

its performance for various key parameters (emissions, 

turndown, reliable and smooth ignition, and blower power 

requirements). After performing shakedown testing of the 

burner, technicians will perform multiple ignition tests to 

ensure the burner ignites reliably and smoothly at variable 

firing rates. After successful ignition testing, performance 

testing will be performed. This will help determine the oper-

ability and turndown characteristics of the burner. The test-

ing will be performed for different firing rates and different 

air/fuel ratios to evaluate the emissions and efficiency char-

acteristics.  

• Design and integrate burner assembly at the host site  

The project team will generate designs and drawings nec-

essary to adapt the assembly into the host site process. 

The hardware will take into account the host site equip-

ment, so that minimum modifications will be required when 

installed at the host site.  

• Evaluate prototype-burner performance at different 

operating and process conditions  

Ignition testing will  be conducted to ensure that the burner 

ignites reliably and smoothly. Different process conditions 

will be tested to ensure all the parameters are covered. 

The project will further demonstrate and validate burner 

performance in a laboratory setting, as an important step to 

help establish a commercialization partner.  

Performance targets are to demonstrate:  

• High efficiency (4% increase)  

• Stable ignition and combustion characteristics  

• NOx emissions <9 ppm and CO emissions <10 ppm  

• High turndown (6:1), and  

• Stable, robust operation in cross-flow air. 

 

Results 

In 2020, fabrication of the burner assembly and the cross-

flow process-air section were completed. Insulation of the 

process-air section and installation and assembly to the fur-

nace was completed.  

The air and fuel trains for the burner and the cross-flow air 

were installed for flow, pressure, and temperature measure-

ments. Shakedown and turndown testing of the burner was 

performed.  

 
Status 

Researchers are performing preliminary burner performance 

evaluations in the laboratory. 
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• Off-the-shelf components  

• High-performance efficiency  

• Lower carbon footprint (compared to electrically-powered 

equipment on a source energy basis)  

• High cooling performance due to employing an advanced 

high-efficiency refrigeration cycle, and  

• Further integration of natural gas with renewable natural 

gas, solar energy, ground-source heat pumps, hydrogen/

power-to-gas, or other renewable energy sources.  

UTD is partnering with the U.S. Department of Energy 

(DOE), a leading manufacturer, and leading university re-

searchers. UTD is providing co-funding to a major prime 

contract award from DOE. 

 
Benefits / Market Implications 

The primary markets that can benefit will include:  

• Residential/commercial appliances such as chillers, 

HVAC, power generators, etc.  

• Hospitals, nursing homes, and other life-safety-critical 

institutions, and  

•  Distributed power-generation systems.  

Project Description 

Conventional cooling towers are types of evaporative heat 

exchangers. In this context, modern cooling towers are close 

to maximum efficiency, with cooled-water temperatures of   

5°F-7°F above ambient wet bulb temperature. Advanced 

cooling techniques with higher efficiencies are under devel-

opment; however, they require complex retrofits, high energy 

costs, or a full replacement of the cooling tower with a new 

unit.  

In this project, a research team will demonstrate and charac-

terize the performance of an innovative sub-dew-point cool-

ing-enhancement technology. No drastic modifications will be 

required to the existing cooling system designs and no new 

materials must be developed or obtained. Technology en-

hancements can use commercial off-the-shelf hardware that 

is packaged as a Pressure Dehumidification System (PDHS) 

and installed as add-ons or economically integrated with new 

equipment. These features and flexible application lower the 

technical risk. 

The technology can be driven by natural gas combustion or 

available waste heat or potentially solar thermal energy to 

further improve cooling performance and energy efficiency.  

The novel sub-dew-point cooling technology (SDPCT) will 

provide the following advantages:  

• Low-cost flexible cooling for residential and commercial 

applications  

Researchers are developing a cost-effective and reliable technology to provide deep 

cooling of water or air in order to increase the efficiency, lower the cost, and enhance 
the performance flexibility of residential and commercial appliances. Investigators will 
demonstrate the technology benefits at laboratory scale. 

LARGE  COMMERCIAL AND INDUSTRIAL, INCLUDING CHP 
PROJECT NO. 2.20.B 

SUMMARY REPORT 

Sub-Dew-Point Cooling Technology 

Packaged PDHS 
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The modular chiller market (air- and water-cooled) in residen-

tial, commercial, and industrial applications in North America 

is projected to grow from $0.65 billion in 2019 to $0.83 billion 

in 2024. The natural-gas-assisted SDPCT can potentially be 

used in all the chillers.  

Using natural gas in SDPCT would allow for a reduction in 

cooling costs by 20%-40%. This effort will fill a key technolo-

gy/program gap for energy efficiency gas utility programs.  

The SDPCT will also lower electricity consumption and water 

use in residential and commercial appliances.  

 

Technical Concept & Approach 

This project will demonstrate and validate the SDPCT perfor-

mance in a laboratory setting as an important step to help 

establish a commercialization partner. A follow-up project 

effort may be to build a scaled-up (or full-scale) working pro-

totype product.  

The project consists of several tasks structured over a 36-

month period, including:  

• Concept refinement and performance characterization  

• Components design and manufacturing review  

• Engineering, purchasing, and fabrication of the prototype  

• Assembly, installation, and test plan development  

• Data collection and processing, and  

• Performance analysis, scale-up design recommendations,  

and techno-economic assessment.  

Deliverables include a prototype high-efficiency, cooling sys-

tem with a capacity of 100 kW (design and performance char-

acteristics). 

 
Results 

In 2020, the new SDPCT layout – with a reliable and efficient 

dehumidification technique based on near-atmospheric pres-

sure regulation – was simulated and evaluated. Initial, bound-

ary, and operational conditions for the pressure dehumidify-

ing system were specified. Nominal SDPCT component 

boundary conditions in terms of pressures, temperatures, 

volume, and mass flow rates that support the SDPCT con-

ceptual design were defined.  

Numerical simulations of heat-transfer processes and smart 

fluid flow arrangements were conducted to optimize heat and 

mass-exchange systems and the overall pressure-dehumid-

ifying system. The overall SDPCT concept with characterized 

performance was subsequently refined.  

Parameters were calculated and optimized based on the min-

imum temperature of the exiting cooled water. Results of the 

optimization demonstrated that the new cooling concept may:  

• Achieve sub-dew-point cooling of water: 4°C below the 

ambient dew-point temperature of 22°C or 7.5°C below the 

ambient wet bulb temperature of 25.5°C, and 10°C below 

the temperature of the cooling water compared to the 

standard evaporative cooling system without PDHS, and 

• Reduce makeup water consumption by 24% due to water 

harvesting from the air and, therefore, increase perfor-

mance of the cooling system.  

The preliminary SDPCT performance benefits were com-

pared with the state-of-the-art cooling towers for a referenced 

power plant and a preliminary techno-economic analysis was 

initiated.  

In 2021, key individual components and advanced techniques 

were specified. Preliminary design calculations for the follow-

on detailed engineering and fabrication of the SDPCT proto-

type were performed.  

 

Status 

In 2021, researchers are conducting a detailed engineering 

and performance characterization of the prototype design 

along with a manufacturing review. The project team is pre-

paring a packaged design of the pressure dehumidification 

system for laboratory testing and began procuring key com-

ponents. 

“The sub-dew-point cooling technology is a very  
exciting and promising technology!  I’m pleased  
to have contributed my expertise in heat transfer 
numerical modeling of its key components. It’s really 
great to see government, universities, manufacturers, 
utilities, and other researchers partnering together 
through DOE’s and UTD’s financial support to  
accelerate the commercial availability of new energy-
efficient technologies for homeowners, businesses, 
campuses, and industry!” 

- Sumanta Acharya 
  Department Chair 
  Professor of Mechanical and Aerospace Engineering 
  Illinois Institute of Technology 
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Advanced ribbon burners to be demonstrated in this project 

successfully integrate both traditional ribbon and metal-fiber 

infrared options. Enhanced combustion and heat-transfer 

performance is achieved with a simple changeover between 

infrared and blue-flame ribbon modes.  

The approach provides the means to minimize CO, CO2, and 

NOx emissions, while operating the burners at the most effi-

cient firing rate possible at every moment of the baking pro-

cess. 

Testing and performance data will be collected over a wide 

range of operating conditions at a large commercial bakery 

operated by a leading U.S. grocery retailer to prove the an-

ticipated energy savings and environmental benefits. Testing 

is being coordinated with Flynn Burner Corporation (as the 

OEM) and Tetra Tech (as the measurement and verification 

contractor). 

UTD is partnering with SCAQMD in this effort by providing 

co-funding to SCAQMD’s prime funding. 

Project Description 

The gas-fired ribbon burner is a mature, low-cost technology 

that has found widespread application in many industries, 

including baking, drying, and surface-treatment applications. 

The objective for this project is to demonstrate at least 25% 

NOx emission reduction via optimizing the combustion pro-

cess in a multi-zoned commercial wholesale baking oven 

within the environmental jurisdiction of California’s South 

Coast Air Quality Management District (SCAQMD). Carbon 

dioxide emissions are anticipated also be reduced by 10% 

through combustion system optimization.  

The project team is investigating a combustion system with 

advanced ribbon burners and a control system that uses an 

advanced flame analyzer that periodically senses the amount 

of excess oxygen or excess fuel in each zone of the oven 

(called an Ecozone). This signal is used as input to operate a 

gas flow valve to maintain optimal flame chemistry. This en-

sures that the preset optimum air/fuel ratio is constantly 

maintained regardless of changes in temperature, humidity, 

or gas composition.  

A field demonstration is being conducted to validate at least 10% CO2 reduction and 
25% NOx emission reduction in commercial baking by applying advanced ribbon  
burners coupled with optimized combustion technology.  

Demonstration bread-baking oven. 
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Benefits / Market Implications 

End users that will benefit include wholesale bakeries using 

direct-fired ovens as well as other users, such as for flame 

treatment, gas-fired drying, process heating, and other indus-

tries using ribbon burners and zonal systems for process 

heat.  

There are more than 3,000 commercial and wholesale baker-

ies nationwide, and the baking industry in general consumes 

more than $870 million of energy annually. Additionally, the 

baking industry in many air-management districts is subject 

to strict NOx emissions limits. Offering a technology that 

promises both energy and emissions reductions is an attrac-

tive prospect for the baking industry for financial, environ-

mental, and social reasons.  

Wholesale bakeries are very energy-intense operations. En-

ergy efficiency is low, but upgrades to improve the energy 

efficiency of bakery systems are not likely to occur if they 

require costly downtime and significant capital investment to 

improve efficiency. The technology being investigated can be 

implemented with no significant change or modification to the 

oven, the products, or the exhaust hardware. The burner fits 

in standard oven sleeves and in burner plates without modifi-

cations.  

The optimization of the combustion process offered through 

this demonstration is expected to reduce natural gas con-

sumption by 10%. Additionally, the innovative burners are 

expected to reduce combustion system NOx emissions by at 

least 25%, helping bakeries continue to meet and exceed 

stringent emissions requirements.  

For a bakery using 18 MMCF of natural gas each year, such 

as the host site for this project, this represents almost $7,500 

savings in energy costs and 157 pounds of NOx reductions 

for the facility. 

 
Technical Concept & Approach 

Specific project tasks include: 

• Host site performance historical assessment and baseline 

testing data analysis  

• Engineering, fabrication, and purchasing of the demonstra-

tion system components  

• System assembly and installation  

• Startup and shakedown  

• Data collection and performance monitoring  

• Data processing and analysis, and  

• Project management, administration, and scheduled re-

porting.  

Deliverables include a presentation of demonstration results 

and comparative techno-economic analysis for wholesale 

baking.  

 
Results 

Baseline testing was performed to establish the technology 

benchmark. Results were evaluated by the project team and 

verified by an independent contractor.  

Engineering of the demonstration combustion system was 

completed. Major components are fabricated, ordered, and 

delivered to the host site for installation.  

 

Status 

Due to COVID-19 limitations, the demonstration installation 

was postponed to the third quarter of 2021. The project team 

is completing field engineering and minor design adjust-

ments. Researchers continue to monitor fuel consumption 

with a remote monitoring system that uses a CloudLink 4G 

protocol to collect and download fuel data (shown in photo 

above).  

Investigators are evaluating and analyzing volatile organic 

compounds obtained during the baseline testing to further 

refine the demonstration oven performance.  

Burner modification and pre-installation laboratory testing is 

in progress at a burner OEM facility.  

 

“We at Flynn feel that utilizing Ecozone technology, 
will be a significant step forward to the real-time 
control of limiting NOx emissions from ribbon  
burners, once deemed was a near impossibility. 
Years of research and development of our sister 
product line in surface treatment has fueled the 
continuous technological improvements today.  
We thank SCAQMD, UTD, and the field host site  
for their support.” 

- Travis Eddy 
  Vice President - Sales 
  Flynn Burner Corporation 
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3.  Replacing a percentage of baseline gas equipment with  

 higher-efficiency gas equipment.  

The effect of a carbon tax is also included in the analysis, as 

well as an option to purchase carbon offsets as part of total 

mitigation measures and scenario options analysis.  

The ultimate goal is to develop an easy-to-use tool that al-

lows industrial and commercial equipment end users to as-

sess de-carbonization scenario options when comparing 

equipment and systems currently powered by fossil natural 

gas to the same equipment when employing the other op-

tions listed above. Co-funding support for this UTD project 

was provided by the Energy Solutions Center, Inc. 

 

Benefits / Market Implications 

End users and local utilities that can gain insights regarding 

their de-carbonization options from this project include those 

who operate equipment such as:  

• Industrial and commercial process-heating boilers  

• Water heaters for hospitals, nursing homes, and other life 

safety-critical institutions  

• Food processing facilities (vegetables, grains, etc.), and  

• Process facilities with steam demands.  

Project Description 

This project supports industrial and large commercial end 

users as they seek to reduce greenhouse gas emissions by 

providing comprehensive new analytical resources.  

In this project, researchers are developing and validating a 

spreadsheet tool to analyze the economic and environmental 

impact of fuel substitution options with related strategies. The 

tool has several interactive worksheets which allow the user 

to examine several potential scenarios for carbon emissions 

mitigation on both an economic and environmental basis – 

including fuel substitution, renewable natural gas blends, and 

efficiency upgrades for industrial and large commercial appli-

cations. The initial version of the tool focused on boilers used 

for process and/or space heating, one of the largest end-use 

applications in multiple industries. 

The tool will assist industrial and large commercial end users 

in understanding the tradeoffs for different carbon-mitigation 

scenarios, accounting for annual energy costs, equipment 

costs, infrastructure costs, full-fuel-cycle greenhouse gas 

(GHG) emissions, and the total life-cycle costs associated 

with GHG-emissions reduction. The spreadsheet tool can 

incorporate baseline natural gas consumption as provided by 

individual utilities or for select geographical regions. The 

spreadsheet tool can perform qualitative and quantitative 

evaluations of the carbon-mitigation alternatives and help 

end users prioritize options that provide the best economics 

and the most cost-effective reduction in GHG emissions. 

Two versions of the tool allow users to calculate impacts 

either on an individual customer level or for aggregated cus-

tomer data based on industry SIC code. The market share 

impacted by the mitigation strategy being implemented is 

input by the user and applied to the baseline natural gas con-

sumption data for the selected industry/customer to deter-

mine the effect of each mitigation scenario. 

The carbon-mitigation options being evaluated are: 

1.  Displacing a percentage of the baseline natural gas tech 

 nology with a commercially-available electric version (e.g., 

replacing a certain percentage of existing natural gas boil-

ers with electric boilers) 

2.  Incorporating a percentage of renewable natural gas in    

 the gas supply, and 

Researchers are developing resources to help identify the best opportunities for  

de-carbonization via fuel substitution, renewable natural gas blends, and/or  
efficiency improvements in the industrial and large commercial market sectors.  

LARGE  COMMERCIAL  AND  INDUSTRIAL,  INCLUDING  CHP 
PROJECT NO. 2.20.E 

SUMMARY REPORT 

Energy Source Options for Industrial and  
Large Commercial Gas Users 

Source:  
Johnston Boiler Company 

Industrial process boiler. 
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Options for reducing emissions in the industrial sector include 

improved energy efficiency, deploying new manufacturing 

techniques, switching to lower-emitting fuels, and integrating 

combined heat and power or carbon capture and storage.  

 
Technical Concept & Approach 

Project deliverables are expected to include an industrial and 

large commercial market assessment tool that includes a 

techno-economic analysis of available technical alternatives 

and energy resource options, and can support roadmap anal-

yses for greater de-carbonization in challenging end-use sec-

tors. 

 

Results 

In 2020, a spreadsheet tool was developed and initial analy-

sis was performed for specific UTD members who provided 

industrial boiler data. This allowed for an investigation of the 

tradeoffs between equipment costs, customer electric elec-

tricity infrastructure costs, CO2 emissions avoided (or added), 

and the costs associated with CO2 emissions reduction their 

service territories.  

In 2021, a database of industrial energy consumption data 

was analyzed for key end-use applications, and was used to 

prioritize the industrial technologies based on geographical 

locations that were linked to individual funders’ service territo-

ries. The total industry consumption was analyzed for nine 

different census regions. A database of 77,000 data points 

was used to categorize and the energy use for each of the 

nine census regions based on five selected subsectors (i.e., 

food processing, process heating, space heating, etc.). Each 

of the five selected subsectors was then divided into 18 key 

technologies to better understand the overall spectrum of end 

uses and identify the technology consuming the highest 

amount of energy under each of the key subsectors, with a 

geographical indicator.  

 
Status 

Additional analysis of technical alternatives is being conduct-

ed, and utility-specific use indicators are being added for the 

service territories of specific UTD members. Prioritization 

efforts and results of the representative end-use applications 

are being finalized, and the set of data will be converted to a 

user-friendly spreadsheet.  

A utility-member-specific “first-cut” version of the tool was 

prepared and provided to project funding members who 

choose to provide information for their industrial boiler cus-

tomer base. This tool will support the analysis of the specific 

impacts of fuel switching or efficiency alternatives based on 

annual energy use, energy cost, and CO2. The project team 

is exploring potential next-step improvements to advance this 

analysis, such as expanding and simplifying the tool and tran-

sitioning it to an on-line platform.  
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Benefits / Market Implications 

The reason CFS appliances are not approaching the effi-

ciencies of other gas-fired appliances with similar firing rates 

is partially due to the fact that the burner technology is not 

as advanced as other appliances. Generally, the market has 

been unwilling the pay the cost of advanced technologies. 

However, this project is addressing the growing emphasis of 

“green” technologies by adapting existing advanced burner 

technology and concepts to CFS equipment designs. 

 
Technical Concept & Approach 

In previous phases of this project, researchers investigated 

existing higher-efficiency and lower-emission burner technol-

ogies such as metal mesh and foam burners with a combus-

tion blower. The current phase involves incorporating an 

advanced burner technology into a new design for CFS 

equipment, and testing of other novel low-emission burners. 

Project Description 

While controls, construction materials, and insulation have 

improved products for the commercial foodservice (CFS) 

industry, burner designs have varied little. Most of the effi-

ciency gains for gas-fired CFS burners over the past few 

years have been attributed to the structural design of the unit 

(e.g., enlarged heat-transfer surfaces and the use of insula-

tion). However, with increased emphasis on efficiency and 

potential emissions concerns, interest in new burner technol-

ogies has grown. 

Through this project, researchers are investigating existing 

higher-efficiency and lower-emission burner technologies 

developed for other markets (e.g., residential furnaces and 

water heaters) and working with CFS equipment manufactur-

ers to adapt them to CFS appliances.  

UTD is partnering with the South Coast Air Quality Manage-

ment District (SCAQMD) in California in some of this pro-

ject’s research by providing co-funding to SCAQMD’s prime 

funding. 

This project focuses on designing, developing, and testing prototype higher-

efficiency, lower-emission commercial foodservice appliances using advanced 
burner concepts proven for other markets and products (e.g., residential furnaces 
and water heaters).  

Fryer testing in the laboratory.. 



Results 

Researchers teamed with a major range manufacturer to de-

sign fryers. The new product design was able to improve effi-

ciency to 54%, thus qualifying as ENERGY STAR. Since its 

introduction, the fryer was awarded the 2016 Blue Flame 

Award by GFEN (Gas Foodservice Equipment Network) as 

innovative product of the year and a KI (Kitchen Innovations) 

Award. 

The project team investigated available burners that claim to 

be low NOx for potential use in CFS applications. Burners 

were tested for a series of firing rates, air-to-fuel ratios, config-

uration of the gas supply, spacing for the fuel supply to the 

burner, and burner lengths. Testing for NOx characterization of 

rangetop burners demonstrated a measurable difference in 

the emissions characteristics of the back burner compared to 

the front burner. Testing was also conducted to characterize 

the NOx emissions from the pilot lights for each burner.  

The project team was approached by a CFS manufacturer for 

assistance with evaluating combustion technologies for a new 

appliance for a major chain account. Researchers tested two 

burners: a radiant metal mesh burner and a metal foam burn-

er. The burner was set up in a test stand to measure emis-

sions as well as firing rate and temperature distribution of the 

burner with a metal plate and thermocouples located above 

the burner.  

In 2019, the project team initiated a new SCAQMD-funded 

project to develop two ultra-low-NOx (ULN) fryers. One fryer 

was based on an existing fryer and another was a new proto-

type design using a burner tested in this project, and this 

UTD project provided co-funding to SCAQMD’s prime fund-

ing.  

Laboratory testing was completed for more than 20 different 

burner designs. NOx testing was completed at five manufac-

turers sites.   

The project team investigated ignition issues with the existing 

burner located inside a pizza oven. The burner is used for 

both appearance and cooking. The ignition issue occurs at 

lower firing rates causing delayed ignition for some of the 

burner tips. The project team worked with the manufacturer 

to change the burner nozzle setup and ignition system to 

correct this issue. Researchers are currently developing a 

new burner design to replace another burner in the oven to 

improve efficiency and emissions.  

  

Status 

Researchers are currently testing different burner designs for 

incorporation into the pizza oven to improve efficiency and 

reduce emissions. 

NOx testing at CFS manufacturers sites was completed and 

data analyzed. The information is being used by different 

groups in the CFS industry as an indication of what the exist-

ing NOx emissions are and what levels should be achieved in 

the future.  

The development of the ULN fryers was completed, including 

NOx and cook testing. Complete results will be included in 

the public Final Report released by SCAQMD. 
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Pizza over back burner test setup. 



FOOD  PREPARATION  AND  SERVICE 
PROJECT NO. 1.14.B 

SUMMARY REPORT 

Commercial Foodservice Equipment Demonstrations 

- 121 - 

Project Description 

Researchers and gas-industry representatives are conduct-

ing demonstrations of gas-fired commercial foodservice 

(CFS) equipment to quantify the benefits of the equipment in 

real-world situations. Demonstrations are designed to ad-

dress the reluctance of some CFS operators to replace exist-

ing equipment with newer models because of concerns with 

costs and the uncertainty that the new equipment will be 

able to prepare the food as expected. Chain restaurants – 

which represent about 50% of the CFS industry – are recog-

nizing the long-term cost benefits of newer equipment; how-

ever, this information is not generally available to the rest of 

the industry.  

In UTD-supported CFS demonstrations, technicians test 

selected equipment in the laboratory and/or at commercial 

demonstration sites and document performance. Testing is 

being conducted with some of the industry’s most recent 

market introductions, including a steam kettle, range, wok, 

conveyor oven, convection oven, boilerless steamer, low-oil-

volume fryer, and griddle. Any other appliance of particular 

interest could be targeted for laboratory performance testing 

or field demonstrations.  

Activities are focused in two areas: The first area focuses on 

single-day demonstrations at test kitchens and trade shows 

showing how well specific equipment performs. The second 

area focuses on long-term demonstrations in restaurants. 

Through restaurant and commercial-cooking field demonstrations, researchers are  

gathering valuable data to quantify the operating and efficiency benefits of  gas-fired 
commercial foodservice equipment in real-world situations.  

Benefits / Market Implications 

Verifying the performance of a CFS technology in the labora-

tory or the field will demonstrate the advantages of specific 

technologies and provide valuable performance information 

for end users, product development researchers, and manu-

facturers. This project provides end users, utilities, and re-

searchers with the ability to quickly evaluate appliances, 

whether a  gas-fired or electric-driven, and understand the 

true performance of the appliance. 

 

Technical Concept & Approach 

The appliance performance and feedback from the test sites 

were incorporated into a report detailing the benefits and 

performance of the systems. 

Opportunities for demonstrations are being identified at other 

utilities and end-user host sites as additional project funding 

is provided. The time and cost varies based on the appliance 

and scope of the tests.  

 

Results  

Whole-kitchen assessments (WKA) were conducted at: 

• A 120-seat restaurant that serves a wide variety of dishes 

and is especially known for its extensive dessert menu of 



pies. Findings: Replacing the existing fryers, convection 

ovens, and griddle with energy-efficient models would save 

2,597 therms ($1,346) per year of energy usage. Assuming 

an operational life of 12 years, the total savings is 31,164 

therms and $16,152.  

• A full-service caterer. Findings: Replacing the existing con-

vection oven, combination oven, and griddle with energy-

efficient models would save 668 therms ($349) per year of 

energy. Assuming an operational life of 12 years, the total 

savings is 8,016 therms and $4,188.  

• Two counter restaurants with menus that focus on hot dogs, 

burgers, sausages, and French fries. Findings: Replacing 

the existing fryers and griddle with energy-efficient models 

would save 2,721 therms ($2,535 per year) of energy. As-

suming an operational life of 12 years for both appliance 

types, the total savings is 32,652 therms and $30,420.  

Overall, the WKAs showed the potential savings of 109,000 

therms and $85,716 over a 12-year appliance lifespan if the 

standard equipment used in just these four locations were 

replaced with existing energy efficient options.   

A fryer comparison demonstration was initiated at a casino. 

The demonstration compare three different models from differ-

ent manufacturers. Three baseline fryers were monitored. 

After about a month of monitoring, the baseline fryers were 

replaced with ENERGY STAR
 
equivalents from three different 

manufacturers.  

In 2018, a cooking demonstration was conducted in Tulsa, 

OK, where the energy usage for four fryers were compared 

with each other and with standard gas and electric units. An-

nual energy cost savings for the highest-efficiency fryer tested 

was $540 per year when compared with a standard gas fryer 

and $785 per year when compared with an electric fryer.  

Based on these results, several utilities approached the pro-

ject team about doing future demonstrations or helping to de-

sign a system for use at their facilities.  

An initial evaluation was conducted in a fryer demonstration in 

Oklahoma. Data collected during the demonstration showed 

that a CFS facility could achieve significant operational sav-

ings by using energy-efficient natural gas-fired equipment 

compared with standard gas-fired and electric equipment.  

In 2019, a new demonstration site was identified and evaluat-

ed for replacing an electric fryer with an  energy-efficient gas 

unit. The entire menu is prepared in the kitchen equipped 

with an electric fryer, oven, and rangetop.  

Researchers conducted a demonstration of a gas-fired vs. 

electric fryer in Louisiana Gas Association booth at the 2019 

Louisiana Restaurant Association Expo.  

The project team also initiated planning of the data-collection 

system for a new utility test kitchen currently being built. The 

system will be able to monitor and record and display data on 

the performance of various cooking appliances being used at 

the same time and how they compare to each other. 

The project team is monitoring a baseline fryer in a Detroit, 

MI, restaurant and a high-production fryer at restaurant in 

Tulsa, OK.  

In 2020, researchers also began working on a unique oppor-

tunity on a larger rack-oven monitoring project. Data from 

rack ovens in California and the Midwest are being analyzed 

to determine potential energy savings of efficient models. 
Efficient gas ovens should have a major reduced source-

energy use and cost savings advantage that can be proven 

through this analysis.  

A unit in Tulsa had issues with its temperature sensor and 

control that was leading to the oil being too hot, and this led 

to finding a fix for the issue and installing a new controller. 

Finding this issue as part of the demonstration effort will lead 

to permanent improvements for the model design. 

 

Status 

Current plans include: 

• Continuing data collection for the demonstration fryer at a 

restaurant in Oklahoma  

• Continuing data collection for a demonstration fryer at a 

Detroit restaurant  

• Finishing the installed demonstration monitoring system for 

a new test kitchen, and  

• Coordinating a rack-oven analysis project.  
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- Carl Peterson 
  Manager, Gas Regional Sales  

  Piedmont Natural Gas  

“UTD developed and provided software  

capability that allows our customers to make  

an informed decision on energy consumption 

before purchasing. It is user friendly and allows 

a clear demonstration of energy use with live 

data. Our new Technology & Design Center is 

all about innovation, flexibility, and versatility. 

The implementation of this program adds to the 

overall capability of the Center delivering add-

ed value and helping our customers make the 

best purchasing decisions.”  
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Benefits / Market Implications 

high-performance gas-fired fryers are often used in commer-

cial kitchens. Generally, gas-fired models will save end us-

ers money and reduce emissions (on a source-energy basis) 

versus their electric counterparts. Producing high-production 

models that cook well and deliver even greater cost savings 

will further serve end users in the fryer market. 

 

Technical Concept & Approach 

Leading high-production gas fryers are being compared to 

standard electric and gas fryers. Sites are being sought to 

document the energy efficiency and performance ad-

vantages of high-production fryers and include baseline 

monitoring of previous fryers to demonstrate the potential 

cost and energy savings. Sites with both legacy electric and 

gas fryers are being sought to assess the benefits over older

-generation models.  

Site surveys will also obtain direct feedback from users on 

the performance advantages of the new system. 

 
Results 

In 2018, the research team conducted a field demonstration 

of a high-production fryer in Oklahoma, with a one-day test 

demonstration comparing four different fryers. The fryer was 

installed at a field test site and data and results are being 

collected.  

A high-production fryer was demonstrated in collaboration 

with UTD CFS demonstration project 1.14.B. This high-end 

gas fryer was compared in a test kitchen one-day evaluation 

with a low-cost ENERGY STAR gas fryer, a baseline gas 

fryer, and an additional standard gas fryer the site had on 

hand (as well as a comparison to an estimated electric fry-

er).  Energy use was monitored in real time with gas and 

electric meters, while also measuring recovery time with 

thermocouples in the oil. Results showed that the unit saved 

56% energy use while also recovering quicker and cooking 

the food faster than the baseline gas model. The unit also 

saved 32% over a low-cost ENERGY STAR gas model. 

The project team purchased one of these same fryers for 

installation at a barbeque restaurant in Tulsa that had al-

ready been baselined. In 2019, the new fryer was delivered 

and installed in Tulsa.  

Project Description 

High-energy-density electric-powered fryer models are capa-

ble of delivering more heat in a given amount of frying space 

than gas-fired fryers on the market. However, today’s ad-

vanced gas heat-exchanger designs can transfer more heat 

from a burner in a given frying space than electric models, 

allowing gas models to better serve end users who need 

high-production capacity. 

To demonstrate current technology, in this project a research 

team is testing and evaluating two high-production fryers at 

test kitchens, followed by demonstrations at field sites.  

Sites within the sponsors’ territories are chosen to demon-

strate the efficiency, cost, and production benefits of com-

mercially available gas fryers.  

Commercially-available high-production fryers are being evaluated in a test kitchen 

and in operating restaurants to compare their performance to alternative gas and 

electric models in order to support decision making by end users. 



A second site was found in Detroit and high-production gas 

fryers were installed. At the test sites, detailed energy usage, 

cost analysis, and usage profile reports are being produced to 

demonstrate the benefits of high-production gas fryers. The 

high-production gas fryers are being compared to standard 

electric and gas fryers.  

In 2020, researchers continued monitoring of the high-

production fryer in Tulsa. The fryer monitoring had issues with 

a temperature sensor and control that was leading to the oil 

being too hot, and this led to the installation of a new control-

ler. Finding this issue as part of the demonstration will lead to 

permanent changes for the model design and make this high-

production fryer operate more efficiently in the future.  

 

Status 

Researchers continue baseline monitoring of the electric 

fryer in Detroit and performance monitoring of the fryer in 

Tulsa. The project team is ordering a new high-production 

fryer to replace the electric fryer at the Detroit field test site 

now that the site is open again after a lengthy shutdown for 

more than a year due to COVID-19 restrictions.  
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Benefits / Market Implications 

Restaurant industry sales in the U.S., including equipment, 

are estimated to be $789 billion for 2021. The majority of the 

appliances use natural gas as the fuel source.  

The technical information provided through this project sup-

ports end-user decision making regarding CFS equipment 

selections such as in terms of cooking performance and ener-

gy costs and impacts.  

 
Technical Concept & Approach 

This project assists CFS industry end users by addressing 

issues or concerns with gas-fired equipment during the pro-

cess of refining or developing codes and standards through 

direct interaction with manufacturers and customers, pub-

lished articles and presentations at CFS industry events, and 

membership/participation at codes and standards organiza-

tional meetings. 

A research team identifies issues and concerns associated 

with existing or potential new codes and standards relevant to 

CFS in North America. The team serves as a voice for gas 

consumers at codes and standards meetings for ASTM, 

ASHRAE, the North American Association of Food Equipment 

Manufacturers (NAFEM), and other organizations.  

 

Results 

The project team actively interacted with the gas industry, 

CFS equipment manufacturers, and other CFS organizations 

to help them respond to meet new and pending regulations on 

NOx emissions of CFS appliances in southern California. Of 

specific interest were new NOx emissions regulations being 

proposed by California’s South Coast Air Quality Management 

District (SCAQMD).  

The project team initially identified at least 24 issues associat-

ed with existing or potential new codes and standards relevant 

to the CFS in North America and globally. Detailed information 

on the different codes and standards issues was developed. 

Along with meetings with individual CFS manufacturers, the 

project team attended and provided representation for gas 

consumers at codes and standards meetings such as ASTM, 

ASHRAE, Blue Flame Alliance, and NAFEM. 

Project Description 

Compared to other commercial gas-fired products, commer-

cial foodservice equipment has fewer regulations, codes, 

and standards for efficiency, emissions, and other operation-

al features. However, with the push for more efficient tech-

nology and lower emissions (especially in California), newer 

codes and standards are being developed and implemented 

by organizations such as ASHRAE, ASTM, and air-quality 

management districts in different areas of North America. 

The objective of this project is to support this development 

and provide scientific and technical information associated 

with codes and standards for gas-fired, commercial foodser-

vice (CFS) equipment.  

The goal is to help ensure a fair and equitable analysis of all 

fuels for ratepayers by preparing and supporting scientific 

and technical information that could help inform the consen-

sus-based decision making of new or refined codes and 

standards.  

This project supports the refinement and development of codes and standards 

for gas-fired commercial foodservice (CFS) equipment. The project team serves 
as a voice for natural gas ratepayers by providing scientific and technical  
information associated with gas-fired CFS equipment to relevant codes and 
standards organizations.  
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One large topic reviewed in this project was to prepare for 

NOx emissions regulations in southern California. Research-

ers were able to help CFS gas-fired equipment manufacturers 

respond to these developments and prepare equipment inno-

vations to meet new regulatory requirements. The project 

team also assisted with a SCAQMD-funded project to quantify 

the existing NOx emissions of several categories and types of 

CFS equipment.  

Team members met with engineers at a sponsoring utility to 

discuss results for the NOx testing of available CFS equip-

ment, including fryers, ovens, and griddles. These tests will be 

used to develop protocols and procedures for NOx testing of 

CFS equipment and data relevant to new NOx emissions reg-

ulations.  

In 2018 and 2019, the project team and CFS manufacturers 

made efforts to determine NOx emissions from CFS equip-

ment and what changes will be needed to comply with poten-

tial new NOx emissions standards, including completing onsite 

emissions measurements at five locations.  

The project team is contributing to consensus revisions to 

some ASTM standards, such as to address issues with 

changes in natural gas heat content which may impact the 

accuracy of certification testing results. This includes working 

with ASTM F26 committee for commercial foodservice on a 

revision to F1521, Standard Test Methods for Performance of 

Range Tops. This standard is being used as the basis for test-

ing in UTD project 1.17.H. 

A project team representative accepted an invitation to join 

NAFEM’s Environmental Working Group and Energy Working 

Group as a subject-matter expert, and remains an active par-

ticipant in ongoing discussions about ENERGY STAR prod-

ucts spearheaded by NAFEM. A project representative also 

supported ASHRAE Technical Committee 5.0 for the testing 

and development of standards for commercial kitchen ventila-

tion. 

In 2020, efforts continued with a focus on NOx regulations for 

CFS in California and continued technical support for leading 

technical committees. SCAQMD held the first working group 

meeting for amending Rule 1153.1 on NOx emissions for com-

mercial bakery ovens. This rule would not apply to most ovens 

typically used in restaurants but would apply to larger com-

mercial bakery ovens. However, the methods and standards 

developed for this rule could very likely be used as the basis 

for rules developed for CFS equipment. The project team will 

continue to support discussions by SCAQMD and others.  

During the course of this project, other researchers identified 

information about chefs’ preferences for using gas when cook-

ing that was relevant to this UTD research. A preference and 

awareness study contacted 209 independent restaurant chefs/

owners from 42 different states and the District of Columbia. 

When asked their energy source of choice, 87.6% responded 

natural gas. 

A project team representative also chaired the new Fuels 

Committee as part of NAFEM’s involving concerns and issues 

associated with energy sources used in commercial food-

service.  

Five NOx evaluation reports for manufacturers were complet-

ed. Updates on indoor air quality issues were also provided to 

various industry groups.  

The project team attended and participated in codes and 

standards meetings at ASTM F26, providing gas-related tech-

nical information and expertise to help inform the consensus-

based formation and/or revision of ASTM standards for com-

mercial cooking equipment including ovens, fryers, broilers, 

ranges, and griddles.  

 

Status 

Researchers are conferring with CFS equipment manufactur-

ers to determine their NOx emissions and what changes will 

be needed to comply to new NOx emissions standards. Re-

searchers are continuing to support technical committees in 

ASTM, ASHRAE, NAFEM, and other organizations with tech-

nical information.  
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Phase 1 also conducted a review of the relevant scientific 

literature, and the characterization of those scientific studies in 

some popular press articles. This review also analyzed the 

methodology of measuring emissions and conclusions drawn 

based on that data.  

Information from this review was used to guide current Phase 

2 laboratory tests, including determining which emissions 

should be measured and what technology improvements may 

be needed to improve IAQ.  

 

Benefits / Market Implications 

With increased concerns about tight homes (or, Net Zero En-

ergy homes), data is needed to fully understand the impact 

that residential cooking has on indoor air quality and what 

changes may be needed to residential cooking ranges, burn-

ers, and capture hoods to meet consumer’s needs.  

Project Description 

A research team is conducting an analytical and laboratory 

investigation on issues and concerns for indoor air quality 

(IAQ) with residential cooking based on information from a 

review of existing literature and data from this project.  

The project uses rigorous scientific techniques to experimen-

tally determine the impact of residential cooking on IAQ and 

to identify opportunities to advance technologies. 

Phase 1 of the project studied capture hoods and showed 

that the capture effectiveness of residential hoods was less 

than 50% for cooking on the front burners and would be inef-

fective at capturing cooking and combustion emissions. The 

current phase of the project is being conducted to determine 

what types and the volumes of emissions that are present in 

residential cooking, including NOx, particulates, heat, and 

moisture.  

Researchers are conducting an analytical and laboratory investigation on the impact  

of residential cooking on indoor air quality.  

Rangetop burner emissions capture hood. 

FOOD  PREPARATION  AND  SERVICE 
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Residential Cooking Pollutants and Indoor Air Quality 
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Technical Concept & Approach 

Based on the literature review, researchers will use an exist-

ing residential cooking setup to perform an analytical and la-

boratory investigation into the pollutants contributed by gas 

and electric residential cooking for a standard residential 

range that includes rangetop and oven cooking. These emis-

sion types were identified in the literature as the ones most 

negatively associated with cooking with natural gas. Estab-

lished testing protocols and procedures for cook testing emis-

sions capture will be used to quantify the emissions. A com-

parison will be completed for gas and propane vs. electric 

ovens and an evaluation completed to establish emission cap-

ture impact on IAQ and implications for range-hood design.  

Research will be conducted to determine how improvements 

in emissions and efficiency can be achieved by modifying the 

existing residential burner design or using a new burner con-

cept. The impact in IAQ issues will be calculated based on the 

improvements in emissions and efficiency, including percent 

reductions in NOx and other combustion products.  

An expected deliverable for this project will be a published 

paper on cooking with natural gas and IAQ that includes:  

• A complete review of existing literature and data on cooking 

with natural gas and IAQ  

• Data and analysis from the laboratory investigation on burn-

er and hood performance, and 

• Details on how burner design and performance impact IAQ. 

 

Results 

A review of existing articles and presentations on the effects 

of cooking with natural gas on residential IAQ found many 

examples of conclusions or statements based on inconclusive 

or inadequate data. These results create more questions than 

answers for what conclusions can be determined for the ef-

fects of residential cooking on IAQ for both gas and electric as 

the primary energy source.  

Based on established scientific practices and in the opinion of 

this project’s researchers, many of the publications had ques-

tionable conclusions on NOx and asthma – specifically making 

conclusions about the relationship between cooking with natu-

ral gas and asthma that appeared to be more coincidence 

than causality. The articles also tended to use implied results 

from several studies to make a single conclusion against natu-

ral gas when none of the articles make a definitive claim on 

the causes of asthma and all stated that more research is 

needed. One report did not include NOx emissions data from 

the oven or data on how NOx disperses from the oven into the 

living environment. Basically, no attempt was made to corre-

late the NOx emissions from the oven to total value of meas-

ured NOx in the home. Another almost universal conclusion 

from the reviewed articles was that proper ventilation for both 

gas and electric cooking greatly improved indoor air  quality. 

Based on this review, the project team developed a test plan 

to acquire data to address potential concerns. The project 

team is also continually updating a list of resources and  infor-

mation addressing the concerns about IAQ and indoor     

cooking. 

The test plan uses an updated standard that defines the pan, 

cooking procedures, and food to use during the testing. Instal-

lation of the instruments at apartment field sites was initiated. 

Temperature sensors were installed in the range to determine 

which the burner being used during cooking.  

Testing will be conducted with propane as well as natural gas 

under co-funding provided by the Propane Education and Re-

search Council (PERC). 

 

Status 

Phase 2 testing to measure and compare the cooking emis-

sions of natural gas, propane, and electric residential ranges 

is ongoing. 

Based on the results of the literature review, researchers iden-

tified the following essential information as missing from exist-

ing data:  

• Accurate data on NOx emissions from residential ranges 

using established protocols  

• Data on particulate matter emissions for both gas and elec-

tric cooktops, and  

• Quantification of how improved ventilation and improved 

oven-burner technology could improve IAQ. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Shakedown cook tests. 
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The proposed design is targeted to be 10% more efficient 

than current ENERGY STAR designs. When compared to 

installed ovens, it could save more than 50% of the energy 

use (i.e., over 400 therms per year). A 50% savings trans-

lates to $300 in savings annually for the customer (assuming 

$0.75 per therm) compared to baseline existing ovens. It 

would be expected to pay back in one to two years, since the 

cost premium may only be around $300-$400.  

The project team is also incorporating experimental smart 

system controls for end users to enhance the quality and 

consistency of food preparation. Smart system controls may 

also provide a useful data stream to a manufacturer to pro-

vide enhanced warranties, superior customer service, and 

identify future product marketing and development priorities.  

Project Description 

Commercial convection ovens use a high-temperature cook-

ing process, which means that the flue products need to 

leave the system at no less than the oven setpoint tempera-

ture of 350ºF-500ºF. Convection ovens by design also con-

stantly flow heat out of the oven (with the fan flowing air 

across the oven and then out the flue) as they operate, which 

results in high standby energy use. 

There are currently 36 gas ENERGY STAR convection ov-

ens available, but they deliver a mere 44%-55% cooking 

efficiency.  

In this project, researchers are incorporating a heat exchang-

er to recover heat from the flue and feed it back into the com-

bustion air. The objective is to develop a prototype high-

efficiency smart convection oven that increases efficiency by 

at least 5%, and also integrates superior smart operating 

controls to maximize food preparation quality and consisten-

cy.  

Earlier, researchers investigated a high-efficiency oven de-

sign, showing that this design in bench-scale tests was able 

to achieve a 3% improvement to cooking efficiency and a 

10% improvement to preheat energy use despite not being 

fully optimized. Based on these results and areas for im-

provement that were found in that initial design, the project 

team anticipates that a 5%-10% cooking efficiency should be 

achievable once the design has been optimized. In addition, 

a targeted 10%-20% reduction in NOx and CO emissions are  

expected.  

 

Benefits / Market Implications 

The population of convection ovens in the U.S. is estimated 

to be around 650,000-700,000, according to a 2015 U.S. 

Department of Energy study. About 32% of commercial food-

service operations have at least one standard convection 

oven.  

Convection ovens currently use 800 therms annually accord-

ing to the ENERGY STAR calculator tool. A 2013 California 

Energy Commission analysis found that replacing existing 

convection ovens with even 44% minimum ENERGY STAR 

level ovens resulted in an average energy use reduction of 

40% across three field test sites.  

Efforts are under way to develop a prototype high-efficiency smart convection oven 

that increases energy efficiency by 5% to10% and integrates superior smart operating 
controls to maximize food preparation quality and consistency.  

Modified conventional commercial oven in laboratory analysis. 
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Technical Concept & Approach 

This project focuses on developing and demonstrating a pro-

totype next-generation, high-efficiency, smart convection 

oven in coordination with a leading manufacturer. An innova-

tive heat-recovery heat exchanger and burner design will be 

incorporated into an existing oven, with the goal of reaching 

5%-10% improvement to the cooking efficiency and standby 

energy use of the oven. In addition, the project team will de-

termine if sensors can be incorporated to make the oven 

smarter.  

 
Results 

In 2020, baseline testing of a current ENERGY STAR oven 

was completed. A computational fluid dynamics model was 

made to model several different heat-exchanger designs that 

could be applied to this oven design. Several heat-exchanger 

designs and variations were created and researchers began 

modeling their performance.  

Technicians fabricated a prototype heat-exchanger design 

and installed it on the convection oven for testing in the labor-

atory along with a blower and controls. The initial testing 

showed that the standby energy use was reduced by 15%. A 

few additional design modifications were decided on in coor-

dination with a leading manufacturer and modeling designs 

were completed. A final heat-exchanger design was selected 

based on all of the modeling results.  

A potato cook test was completed using the prototype oven. 

Results showed a 4%-5% increase in efficiency over the 

baseline. A heat exchanger modification was made to further 

boost efficiency and installed in the oven. All of this testing 

was done with the existing oven burner setup. Researchers 

specified and ordered a new prototype burner to be used with 

a premix system.  

In 2021, the project team completed basic testing on the 

modified heat exchanger. Pre-mix testing will follow. 

 
Status 

Additional testing and modification is under way. Discussions 

with a leading manufacturer continue regarding commerciali-

zation opportunities and other next steps to make this more 

efficient oven available to end users. 

Premix burner installed on the bottom of an oven.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Benefits / Market Implications 

Warewashing equipment is a significant part of the commer-

cial foodservice business, with global equipment capital costs 

estimated to be approximately $4 billion per year. There are 

more than 100,000 conveyor-type warewashers in the U.S. 

alone.  

A reliable gas warewasher would provide large operating 

savings for commercial foodservice facility owners and opera-

tors while also reducing both source-energy and chemical 

use. 

Initial estimates indicate a site will only use one-third of the  

source energy with a gas warewasher compared to alterna-

tive technologies. Even a low-usage restaurant, with only 

1,100 therms of annual usage, would reduce the carbon foot-

print of the restaurant from 49,610 pounds of CO2 per year 

with electric units to 16,088 pounds of  CO2  per year. In addi-

tion, it would cost the restaurant three times more (using na-

tional average gas and electric prices) to run that warewasher 

on electricity instead of gas. The restaurant would save more 

Project Description 

Most commercial dishwashers (also called warewashers) are 

electric driven, and many electric warewashers use chemi-

cals (i.e., “chemical warewashers”) rather than high tempera-

tures to disinfect, which further increases their environmental 

impact.  

This project is developing reliable gas-fired warewashers so 

that consumers can have more energy choices and may re-

duce their environmental impact and operating costs.  

Four types of commercial dishwashers are available to wash 

and sanitize plates, eating and cooking utensils, and other 

items. The types include flight type, rack conveyor, stationary 

door, and undercounter. Flight-type and conveyor warewash-

ers are used for high-volume applications.  

This research project is developing prototypes of both door-

type and conveyor-type gas-fired warewashers. These are 

the two very popular warewasher types, representing a com-

bined 43% segment of the warewasher market.  

Efforts are under way to develop prototype gas-fired door- and conveyor-type ware-

washers in the laboratory. When commercialized, consumers could achieve significant 
energy and cost savings by using a new option of gas-fired warewashers as compared 
to electric-driven warewashers. 

Laboratory testing of warewasher. 
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than $1,900 a year on operating costs with switching to a gas 

warewasher.  

Data from an earlier project showed that a gas-fired conveyor 

warewasher would save a restaurant $15,115 per year over a 

standard electric warewasher and $5,118 per year over an 

efficient heat-recovery electric warewasher. 

 
Technical Concept & Approach 

In this project, researchers and a manufacturing partner are 

modifying current electric-driven warewashers as they devel-

op prototype gas-fired warewashers.  

Different heat exchanger designs are being modeled to deter-

mine the best-performing designs that fit into the needed foot-

print of an existing electric warwewasher. Prototype heat ex-

changer(s) will then be fabricated and put into a prototype 

warewasher along with a burner and blower. The design will 

be tested and refined to continue to improve performance and 

address any issues that occur with initial testing.  

A functional prototype will be tested for combustion efficiency, 

safety, and emission standards. The results from testing will 

also assess improvements over electric units.  

A follow-on project could be to apply the design to additional 

models or to prove its performance and reliability in a field 

test.  

 

 

Results 

In 2020, the project team continued to work closely with a 

manufacturing partner.  Researchers modeled 13 variations 

of different heat-exchanger designs and tested the combus-

tion system in the laboratory with the prototype warewasher 

tank and heat exchanger. 

Custom controls were used to tune everything and excellent 

results (under 10ppm NOx) were achieved. 

Technicians assembled the burner, blower, and gas valve 

assembly, along with a new control for the combustion sys-

tem. Initial testing of the combustion system in the prototype 

heat exchanger was completed. 

In 2021, the project team selected a new metal mesh burner 

design, along with a commercial combustion controller.  

 
Status 

Researchers are modeling various heat-exchanger designs 

for the conveyor warewasher.  

Testing of the combustion system in the prototype door-type 

heat exchanger is ongoing.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Examples of conventional commercial door-type (left) and conveyor-type (right) warewashers. 
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Project Description 

Some publications reporting on residential indoor air quality 

(IAQ) have suggested that emissions from cooking can neg-

atively affect a home’s air quality. Specific emphasis is 

sometimes put on combustion emissions instead of emis-

sions produced from the food, whether cooked using electric 

or gas. This project will help address the need for scientific 

data to quantify the effects on IAQ from natural gas cooking, 

and collect real-world scientific data.  

A field evaluation study of overall building performance on 

two geometrically twin multifamily buildings was recently 

conducted in Chicago. Called the Tierra Linda project, this 

past research by others mainly investigated energy savings 

for the affordable housing market. The uniqueness of the 

Tierra Linda project is that it represents one of the only build-

ings in North America that not only meets rigorous standards 

of Passive House, but includes natural gas for cooking pur-

poses.  

This UTD project is using the unique ready-made field test 

Tierra Linda project site to help quantify the effects on IAQ 

from natural gas cooking and collect scientific data.  

 

Benefits / Market Implications 

This project presents the opportunity to collect field data to 

differentiate emissions from the cooking processes versus 

emissions from the appliance (gas and electric) in order to 

aid consumer understanding.  

 

Technical Concept & Approach 

To determine the emissions attributed to cooking food versus 

emissions attributed to residential ranges, emissions testing 

will be conducted with gas ranges in 12 units (six direct-vent 

outdoor hoods in an ENERGY STAR building; six recirculat-

ing hoods in another building).  

Researchers will evaluate trends in concentrations of various 

emissions, temperature, and humidity in the kitchen space 

during cooking with the gas range. Technicians will cook two 

of the same meals in at least eight of the 12 apartments in 

addition to the laboratory. Emissions among apartments will 

be analyzed.  

In the second configuration, a select number of gas ranges 

will be replaced with electric-induction ranges. Emissions test-

ing will be conducted in the same manner as with gas ranges. 

Energy consumption data on the heat pump space condition-

ing systems that are already installed will also be collected.  

Specific tasks include: 

• Site and Instrumentation Preparation  

The project team will prepare an information guide for ten-

ants, site agreements, pre- and post-tenant surveys, a sur-

vey of existing instrumentation, and specifications for sen-

sors. 

Efforts are under way to determine the effect of cooking emissions on residential  
indoor air quality in a scientific manner in real-world situations through field  
evaluations. This project presents the opportunity to collect field data to differentiate 
emissions from cooking processes versus emissions from appliances.  

Field Evaluation of Indoor Air Quality  
in Residential Kitchens 

FOOD  PREPARATION  AND  SERVICE 
PROJECT NO. 1.20.K 

SUMMARY REPORT 

Indoor air quality sensor enclosure installed in  
kitchen (at ceiling) of ENERGY STAR building.  



Installation and calibration guides were developed for the 

remaining units. Installation of the remaining sensor and tem-

perature arrays are scheduled for early June 2021.  

A residential kitchen ventilation test setup was also prepared 

in a laboratory facility in order to provide additional compara-

tive data.  

 

Status 

Current activities include:  

• Interactions with the property manager to schedule instal-

lation of remaining IAQ sensor packages and range sensor 

arrays  

• Surveying tenants for IAQ and cooking procedures 

• Scheduling a controlled-cook event where residents will be 

participating in cooking the same product, such as pizza, 

stir fry, etc., and the kitchen IAQ data will be compared 

among apartments 

• Analyzing IAQ data from multi-unit residences, and 

• Planning for switchover of select gas ranges to electric 

ranges.  

• Installation and Commissioning  

All IAQ instrumentation will be installed. Cooking event log/

surrogate will also be installed prior to commissioning. 

• Field Test  

The project team will provide on-site monitoring and trou-

bleshooting. Complementary support from a testing labora-

tory will be provided to ensure consistent cooking in hous-

ing units by providing same-ingredient meals.  

• Data Analysis and Reporting  

Preliminary analyses will include general trends and corre-

lations. Results will be disseminated in a peer-reviewed 

report which compares cooking emissions from gas and 

electric residential ranges.  

Project participants include a researcher from a leading uni-

versity. 

 

Results 

In 2020, data from the past Tierra Linda study was analyzed 

and an IAQ sensor package was specified to investigate the 

cooking emissions in the kitchen space. The sensor package 

was bench tested in a custom enclosure to ensure communi-

cation through the protocol.  

A temperature sensor array was developed to determine the 

cooking location on the stove. The sensor package, tempera-

ture array, data acquisition, and communication system were 

integrated into one of the existing data loggers on site as part 

of a field test. Cooking was conducted as part of the field test 

to verify sensor operation.  
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For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Tierra Linda project building. Installation at a kitchen in a Tierra Linda project building. 
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Benefits / Market Implications 

The FPLMC design was developed to improve compressor 

durability and system efficiency, while significantly decreas-

ing costs of the overall system, including installation and 

maintenance of compressors. 

The FPLMC design eliminates all but one moving part of the 

compressor and has the potential to significantly reduce 

capital and maintenance expenses associated with refueling 

stations, as well as eliminating issues associated with gas 

contamination and oil carryover (the FPLMC is completely oil 

free). 

The FPLMC can also be used as a two-in-one compressor 

and booster to increase storage utilization and fill rates. 

 
Technical Concept & Approach 

The FPLMC concept consists of a compression piston or 

pistons directly driven by a linear motor. This approach 

uniquely combines the functions of the compressor and mo-

tor into one device with a single major moving part, thus 

eliminating the inefficiencies inherent in converting rotary 

motion into linear motion, and eliminating the risk of oil car-

ryover that is inherent with any lubricated crankcase.  

Project Description 

While the natural gas vehicle (NGV) industry has been grow-

ing rapidly, there are still many issues challenging fleet own-

ers and station owners, including station cost, maintenance, 

and gas contamination. These issues are heavily influenced 

by the compressor used at fueling stations. 

Existing compressors for NGVs consist of multi-stage recipro-

cating compressors that use a rotating motor to drive a lubri-

cated crank shaft that drives multiple pistons that may or may 

not be lubricated. These units suffer from high manufacturing 

costs, high mechanical parasitic losses, relatively high 

maintenance costs, and relatively short operational lifespans. 

Previously, researchers successfully developed a prototype 

small-scale Free-Piston Linear-Motor Compressor (FPLMC) 

for at-home NGV refueling that showed promise for reducing 

the cost of these appliances. In an extension of that research, 

in this project the team is using commercial linear motors to 

build a 50 standard cubic feet per minute (SCFM) com-

pressed natural gas (CNG) compressor. The project has 

demonstrated control of the motors using off-the-shelf pistons 

compressing air. The team is now redesigning the fluid end 

and motor housing to operate with natural gas. 

A research team is designing and testing an innovative large-scale free-piston 

linear-motor compressor as an inexpensive, energy-efficient, low-maintenance, 
and oil-free alternative to traditional reciprocating compressors used for natural 
gas vehicle fueling in order to reduce operating costs for vehicle owners.   

Researchers designed a hermetically-sealed motor housing to enable compression using natural gas.  



The design has fewer wearing components, reduced parasitic 

friction, and, consequently, increased compressor durability, 

improved reliability, and reduced maintenance for end users.   

The project team will develop and test a 50 SCFM gas com-

pressor to demonstrate the commercial feasibility of using the 

linear motor compressor concept for larger-scale CNG station 

applications, such as to serve a fleet of Class 5-7 delivery 

trucks. This compressor will be laboratory-tested to demon-

strate the performance, efficiency, and durability of the linear 

motor design under continuous, long-term operation.  

 
Results 

In Phase 1 of this project, researchers confirmed the feasibility 

of a scaled-up linear motor compressor by validating that it 

was possible to design and build a high-power reluctance or 

permanent magnet linear motor. Theoretical designs were 

developed for both motor types in excess of 100 kW. To make 

progress in the selection process, the project team evaluated 

commercial motor options to determine if there were any cost-

effective designs that could drive the development forward, 

identifying several commercial motor variants.  

Researchers investigated the performance of the scaled-up 

FPLMC by modifying the existing dynamic models that were 

developed and validated for the small-scale FPLMC. The per-

formance of the compressor was analyzed over a range of 

operating conditions. 

In 2018, researchers conducted a detailed engineering analy-

sis of the commercial motor and controller performance to 

determine their limits within the linear compressor application. 

The project team made progress towards validating that com-

mercial motors and controllers can be used for compression.  

In 2019, the project team validated air compression using 

commercial motors and validated the accuracy of the simula-

tion. The team designed a hermetically-sealed motor hous-

ing to enable compression using natural gas. The design 

uses gas bearings to eliminate friction and wear on the de-

sign. This motor housing will directly connect to the high-

pressure fluid ends of the compressor.  

Researchers are developing a test rig to verify that the bear-

ing design used in the motor frame will operate as intended.  

The linear motor preliminary design is complete. Technicians 

are verifying that the bearings operate as intended. The de-

tailed design will be implemented following testing of the 

bearings.  

The project team is in regular dialog with compressor-

component manufacturers for design input,  quotes for com-

pression stages, and exploratory commercialization discus-

sions. 

 

Status 

The research team used the time during the pandemic lock-

down to develop alternative designs that can be compared to 

the original design. The designs are being evaluated for cost, 

ease of fabrication, probability of success, etc., to determine 

which design will be used moving forward.  

Researchers are fabricating the motor frame and completing 

the Final Report. 
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Four free-piston linear-
motor compressors make 
up four stages of gas  
compression.  
 
This arrangement allows 
for independent operation 
of each stage, and thus 
stages three and four could 
be used during vehicle 
fueling operations and/or 
to save energy. 

Compression Stages 
(dual acting, top and  
bottom) 

Housing acts as blow-down volume 

Stator Lams 

EM Coils 
   Armature Lams   Piston 

Flotor - Single Moving Part 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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Benefits / Market Implications 

Knowledgeable and logical input into the consensus-building 

process under the rules of standards development bodies is 

critical to ensuring proper application and safety to protect 

users and the general public.  

This project also aids end users by supporting the introduction 

of new NGV fueling appliances, dispensers, and onboard vehi-

cle products into the marketplace that can improve on incum-

bent technologies and practices. Continuous monitoring of 

potential improvements to keep pace with changes in technol-

ogy is a critical need and significant challenge.  

 
Technical Concept & Approach 

Participation in the codes and standards development process 

on behalf of the natural gas ratepayers is critical in establish-

ing confidence in safe and progressive NGV use. Project rep-

resentatives continue to participate as voting members in the 

technical advisory groups for CSA NGV 5.1 and NGV 5.2. In 

addition, project representatives were able to lead the NGV 

4.3 Task Force and contribute to NGV 6.1. Efforts to update 

Interim Requirements (IR 7-16) for ANG fueling devices and 

NGV2 Natural Gas Storage Containers are under way.   

 

Project Description 

This project addresses the need to respond to new technol-

ogies, clarify coverage between existing standards, and 

expand coverage to all necessary applications. Project rep-

resentatives are participating in relevant natural gas vehicle 

(NGV) codes and standards developments and supporting 

the consensus creation or modification of important codes 

and standards. 

In light of the need for a temperature compensation stand-

ard for natural gas fueling, representatives from this project 

led a separate compressed natural gas (CNG) task force to 

develop the CNG fueling temperature compensation stand-

ard. The now-published requirements for temperature com-

pensation devices allow CNG dispensing systems to adjust 

for full fill of vehicle fuel storage containers under all sur-

rounding outdoor ambient temperature conditions and varia-

tions in natural gas composition.  

The new fueling appliances standards developed with sup-

port from this project assist local code enforcement officials 

by minimizing the potential of different interpretations of 

“appliance” requirements, and thus simplifying and clarifying 

the local approval process for these qualifying devices. In 

addition, the NGV 4.3 and NGV 6.1 standards will ensure 

more consistent safeguards against over-filling of NGVs and 

improper fuel storage and delivery system installations 

onboard NGVs.  

Through this project, researchers are supporting the consensus development  

or refinement of relevant natural gas vehicle codes and standards. Efforts  
are focused on helping create or modify important codes and standards by  
participating on select technical committees and working groups, or through  
review and formal comment.  

NGV Codes and Standards Monitoring,  
Development, and Support 



• Participated on a Common Issues Task Force comprised 

of the chairs of all Technical Committees and Task Forces 

related to NGV-based standards, to reconcile any differ-

ences that may exist among standards. 

• Monitored the research being conducted on a new       

adsorbed natural gas (ANG) storage container standard 

ANG-2, as well as a low-pressure version of NGV5.1 spe-

cific to use with ANG vehicle storage under the Interim 

Requirement IR 7-16. 

• Participated on the Subcommittee on Residential Fueling 

Appliances and CSA NGV 5.2 Technical Subcommittee on 

Vehicle Refueling Appliances.  

CSA NGV 4.8 (Compressors for Natural Gas Vehicles Fuel 

Stations) Technical Subcommittee completed the revisions to 

make the standard more universal, allowing for more than just 

reciprocating compressors, and unified with other standards. 

The National Highway Traffic Safety Administration is consid-

ering fuel system integrity requirements for medium-duty and 

heavy-duty CNG and liquefied natural gas vehicles to update 

FMVSS No. 303.  

In 2020, the first edition of CSA SPE 2.2.1:20 (Best Practices 

for CNG Vehicle System Leak Inspection) was published.  

There is a current solicitation of industry input on natural-gas/

hydrogen blends. CSA will have discussion group to reply to 

specific questions. 

In 2021, the NGV 4.3 committee continued to develop the 

base technical case for the change process. The process 

moved into defining specific operating conditions and test 

scenarios. Researchers prepared several presentations and 

documents to continue the technical discussions.   

A report was developed that includes a detailed list of the cur-

rent status of all major standards relating to NGVs.  

 
Status 

This project continues to monitor and participate in relevant 

codes and standards developments and to support the crea-

tion or modification of important codes and standards through 

participation on select technical committees, working groups, 

or through review and formal comment.  
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The project team is monitoring standards development activi-

ties that impact the NGV industry and seek to identify any 

gaps or inconsistencies in coverage. Although the primary 

focus is on U.S. and Canada coverage areas, harmonization 

efforts with international NGV codes and standards is taking 

place as well.  

Project representatives participate in monthly discussions 

scheduled by CSA Group involving stakeholders (including 

product manufacturers, gas utilities, testing organizations, 

vendors, and code developers) to monitor and support the 

progress of new standards, as well as modifications to existing 

standards.  

 
Results 

Representatives for this project: 

• Continue to chair the NGV4.3 Task Force on Temperature 

Compensation Requirements. The temperature compensa-

tion guideline for CNG vehicle fueling is undergoing a ma-

jor overhaul to include testing for new dispensers as well 

as updates to better reflect accurate temperature compen-

sation. Project personnel are developing the base tech-

nical case for the change process. Researchers prepared 

several presentations and documents to continue the tech-

nical discussions. Additional discussions around tempera-

ture compensation of mobile pipeline trailers continued in 

parallel with the NGV 4.3 discussions.   

• Participated on the Harmonization Committee to identify 

inconsistencies and recommend changes to CSA B108, 

the International Fuel Gas Code, and the International Fire 

Code to recognize CSA NGV 5.1 and 5.2.   

• Participated in the ANSI/CSA NGV 5.2 Compressed Natu-

ral Gas Vehicle Fueling Appliance Standard development 

process. 

• Participated in the CSA/NGV 6.1-CNG Fuel Storage and 

Delivery Systems for Road Vehicles committee.  

• Participated on the CSA Technical Committee for ANSI/

NGV 4.1 (CSA 12.5) NGV Dispensing Systems Standard.  

“CSA recognizes the input and insight that  
our committee members provide on NGV  
technical subcommittees. Through participation 
in the standards-development process, UTD  
contributes to the deployment of safe and  
reliable components, equipment, and practices 
for the industry.” 

- Julie Cairns 
  Sr. Project Manager, Alternative Energy 
  CSA Group 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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on the voluntary efforts of member companies and their repre-

sentatives to address the issues of most importance and inter-

est. NGVA acts as a coordinator and facilitator to unite inter-

ested stakeholders.  

Through this project, UTD provides representation on the 

NGVA Technology & Development Committee in order to ad-

vance the safety, economy, reliability, low emissions, and best 

practices for users of vehicles powered by compressed natural 

gas or renewable natural gas.  

 
Benefits / Market Implications 

UTD’s representation on the NGVA Technology & Develop-

ment Committee is critical to address the needs of end users 

and to further advance the benefits of NGV technologies. Each 

of NGVA’s working groups focus on topics identified by the 

industry as the top priorities to position the consumer and the 

industry for the future. Speaking with a single voice backed by 

the consensus of stakeholders is a powerful way for NGVA to 

help identify key safefy and technical priorities for research 

and development for the consumer and industry. 

Project Description 

NGVAmerica (NGVA) coordinates a broad base of support 

for identifying the technical needs of natural gas vehicle 

(NGV) end users. Through NGVA, the NGV industry mounts 

a coordinated effort to set priorities and promote technology.  

NGVA is dedicated to the development of a growing and 

sustainable market for vehicles powered by natural gas or 

renewable natural gas (RNG) to benefit consumers and the 

environment. The organization represents more than 200 

companies, environmental groups, and government organi-

zations interested in the promotion and use of natural gas 

and RNG as transportation fuels. Its members produce, dis-

tribute, and market natural gas and RNG across the country; 

manufacture and service natural gas vehicles, engines, and 

equipment; and operate fleets powered by gaseous fuels.  

NGVA’s Technology and Development Committee was cre-

ated in 2015 to interact with industry stakeholders and feder-

al agencies on NGV technology development, codes and 

standards, best practices, and other industry issues. NGVA 

working groups were created to support critical issues and 

needs, and revised over time to keep pace with the chang-

ing priorities of the industry. The organization relies largely 

This project provides technical information and resources to advance the safety,  

economy, reliability, low emissions, and best practices for users of vehicles powered  
by compressed natural gas or renewable natural gas. Activities are conducted in  
coordination with the NGVAmerica Technology Committee.  

NGVAmerica Technology Committee 
Participation and Representation 



Increases in the use of RNG is a main focus of NGVA’s mis-

sion. In 2019, updated data was released on RNG use in 

NGVs. Many of the project team’s technical efforts support the 

advancement of RNG. 

The project team presented several current projects at the 

2020 Natural Gas Vehicle Technology Forum Annual Meeting. 

The 2021 Natural Gas Vehicle Technology Forum Annual 

Meeting was held virtually in May 2021. Results of the forum 

will be used to develop next steps for research and develop-

ments for natural gas vehicles and technology, regulations, 

market barriers, and opportunities. The NGVA Technology & 

Development Committee supported this event.  

The Technology and Development Committee held a webinar 

in June to discuss approaches and opportunities for mobile 

and temporary CNG fueling options.  

Information was shared in the Environmental Working Group,  

including a study that analyzes and compares CO2 emissions, 

the economic costs, and the resulting emission abatement 

costs of key road transport vehicles, while also illustrating the 

potential contribution of gas-fueled mobility alongside other 

technologies.  

Information was shared with the High-Horsepower Working 

Group on the first study to directly measure methane emis-

sions from an LNG carrier. 

 

Status 

The project team continues to provide technical staff members 

to chair the NGVA Technology Committee and help staff its 

Working Groups. Researchers also provide specific technical 

support to the industry response to NGV safety incidents. 
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Technical Concept & Approach 

The project team leverages its significant body of knowledge, 

expertise, and relationships developed over many years of 

focus on NGVs, and participates actively to support the activi-

ties of the Technology and Development Committee. The 

team also solicits periodic requests for input from UTD’s 

Transportation Working Group and designated representa-

tives to ensure that a broad base of opinions and thoughts are 

leveraged to help support the NGV Technology Committee’s 

decision making.  

 
Results 

Representatives participated with groups addressing: 

• Incident Investigation and Root Cause Analysis  

• Gas Quality  

• Compressed Natural Gas (CNG) Fuel System Inspection 

• Codes and Standards 

• Maintenance Facility Modifications 

• Emissions/Environmental 

• Liquefied Natural Gas (LNG) and Marine and Rail 

• NGV Manufacturing Facility Best Practices/Training, and 

• NGV R&D Priorities. 

Representatives participated on the Alliance to Save Energy 

“50 By 50 Commission: Heavy Duty Transportation Technical 

Committee” by providing technical information for the gaseous 

fuels section of the report. The Emissions Working Group con-

ducted conference calls to address issues surrounding me-

thane slip/fugitive emissions and, secondly, the accuracy and 

treatment of NGVs in the most commonly used emissions 

impact modeling tools. The Working Group also developed a 

White Paper titled Understanding Global Warming Potential - 

and Other Greenhouse Gas Emission Metrics.  

Project representatives provided a detailed natural gas R&D 

topic list to NGVA and to the U.S. Department of Energy 

(DOE) for consideration for its upcoming natural gas research 

funding initiatives. The project team supported NGVA in the 

development of a Cold Weather Advisory Bulletin to ensure 

safe operations of NGVs in cold weather, and also released a 

CNG fuel system inspection guidance document.  

In 2019, NGVA submitted a 10-page letter to the DOE titled 

Natural Gas as a Transportation Fuel – A Strategic Opportuni-

ty for U.S. Energy Security Enabled by Innovation and Ad-

vanced Technology in response to the Office of Energy Effi-

ciency & Renewable Energy’s request for input on NGV R&D 

needs and barriers.  

“The NGVA Technology Committee largely 
relies on the voluntary efforts of member  
companies and their representatives to  
address the issues of most importance.  
UTD’s support to provide representation on 
the Committee and our working groups has 
been instrumental in the many achievements 
to date.”  

- Daniel Gage 
  President 
  NGVAmerica 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 
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onciling the metered inlet gas to CNG stations with the gaso-

line gallon equivalent (GGE) dispensed. A method to account 

for all sources of gas flows in and out of a station, along with 

explanations of how the precision and accuracy of various 

metering devices compare, would assist in properly character-

izing vented gas, station economics, and the environmental 

impact of station operations.  

The objectives of this project are to quantify the leaks and 

losses of natural gas in the CNG fueling process within a typi-

cal CNG fueling station, evaluate advanced compression tech-

nologies, and provide guidance on tracking methods to moni-

tor and minimize station leakage. 

 
Benefits / Market Implications 

Reducing the errors in measurement used to determine leak-

age and accounting discrepancies can advance station opera-

tions and the understanding of environmental impacts.  

The potential for increased regulatory pressure to minimize 

methane losses, coupled with the environmental GHG conse-

quences of methane releases, prompts the need for data on 

state-of-the-art technologies and the potential impacts from 

CNG station operations. Identifying and assessing the perfor-

mance of new or upcoming technologies to reduce CNG fuel-

ing station emissions will be another important result.  

In a related development, the U.S. Department of Energy 

(DOE) is investigating losses associated with high-horsepower 

gas compression facilities – one aspect of which is the in-

creased energy consumption associated with leaks and vent-

ing of natural gas in midstream and downstream transmission. 

 

Technical Concept & Approach 

This project is leveraging the activity of a separate research 

project funded by the California Energy Commission (CEC) 

that is quantifying full-value-chain methane emissions, includ-

ing CNG fueling stations. This study will provide information 

on common sources of gas losses, methods to mitigate those 

losses, and practical methods to monitor stations for losses in 

an effort to quickly catch poor station performance, enabling 

prompt amelioration of significant station emission sources.  

Project Description 

While natural gas vehicles (NGVs) have demonstrated sig-

nificant reductions in many criteria pollutants and ozone-

forming emissions, one component that was not included in 

most past regulations is methane. Although methane is not 

present in gasoline or diesel fuel, it is the predominant com-

pound in natural gas and therefore even relatively small 

amounts of leakage at a compressed natural gas (CNG) 

fueling station can cause concern. U.S. Environmental Pro-

tection Agency greenhouse gas (GHG) standards are ex-

pected to regulate total GHG emissions, including methane 

emissions in the approaching future.  

Some advanced compressor technologies have come on the 

market that are reported to be capable of reducing or even 

eliminating methane emissions from compressors, which is 

usually the dominant methane emission source at a typical 

station. These enhanced compressors are starting to be 

implemented, and evaluating their performance compared to 

baseline compressor methane leakage rates would be ex-

tremely helpful in accelerating industry adoption.  

An additional need that has been described by several CNG 

station owners is that there are frequently difficulties in rec-

Research in this project involves developing techniques to quantify the leaks and 

losses of natural gas from CNG vehicle fueling stations by evaluating station  
operations and advanced compression technologies, and providing guidance on 
methods to monitor station leakage performance and minimize leaks and losses.  

CLEAN  TRANSPORTATION 

Emissions testing conducted in March 2021.  
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Specific tasks for this project include: 

• Assisting with data interpretation of the CEC project re-

sults 

• Coordinating a literature review and reconciliation with 

other prior studies, and 

• Developing a method for monitoring station gas losses. 

For this project, CNG fueling-station leaks are being detected 

via three methods: a specialized infrared camera; a portable 

combustible gas-leak detector; and a Hi Flow Sampler™. The 

infrared camera visualizes the leaking methane by taking ad-

vantage of the unique physical and chemical properties of 

fugitive gas leaks. Utilizing a radiant contrast between the 

surrounding background and the gas leak plume, the camera 

will detect and display the leak as a black plume on the ther-

mal image. The thermal image can be viewed on the camera 

viewfinder, allowing a properly trained operator to quickly lo-

cate methane emissions sources. 

 
Results 

In 2018-2020, the project team collected a significant amount 

of leak data from about 30 CNG vehicle fueling stations, using 

the three separate leak detection and measuring techniques. 

A significant literature review was also conducted to support 

this study.  

Researchers also carried out experimental tests to quantify 

the volume of gas contained in the gas lock between the CNG 

dispenser hose nozzle and NGV fueling port connection. The 

code requirements involving the volume of the dispenser noz-

zle and hose were also studied, helping to create an estimate 

of the volume of gas contained in the gas lock between the 

dispenser hose nozzle and car receptacle connection. This 

small volume of gas tends to escape each time an NGV is 

fueled. 

The project team verified that typically the largest source of 

methane emissions from a given CNG station is the leakage 

that occurs around the rod seals of the reciprocating compres-

sors used to pressurize the gas to typical station storage and 

fueling supply pressures (e.g., 4,500 psig), although undetect-

ed pipe-fitting leaks can also make a significant contribution if 

they are particularly severe.  

A literature review revealed promising technological advance-

ments made over the last few years that claim to dramatically 

reduce the emissions from the compressors during their oper-

ating cycles. Two major commercially-available strategies for 

minimizing NGV fueling station compressor emissions are: 

1. Use the best available rod seals and replace them regu-

larly to minimize what is typically the greatest source of 

methane emissions at an NGV fueling station or 

2. Eliminate rod seal emissions completely via implementing 

a compressor with a sealed/pressurized crankcase. 

The project team quantified the benefit of the first strategy by 

carrying out an experimental plan where three sets of emis-

sions measurements were taken from an NGV fueling station 

at Gas Technology Institute (GTI) in Des Plaines, IL. The three 

sets of measurements corresponded to used, new, and newly 

worn-in rod seals. Reduction in emissions occurred following 

rod-seal replacement, and then declined further after rod seal 

break-in. Regarding the second strategy, a major manufactur-

er of the sealed/pressurized crankcase-type of compressor 

was identified. Researchers plan to evaluate an example of a 

compressor that is in active commercial service at a CNG sta-

tion site in Oklahoma. 

 

Status 

Researchers plan to visit the compressor site in Oklahoma in 

late 2021 to take emissions measurements from a sealed 

crankcase compressor. Following completion of these meas-

urements, the UTD Final Report will be completed. 

Methane emissions data and the resulting findings from about 

30 NGV fueling stations for the concurrent CEC-sponsored 

project were assembled into a final report which is currently 

under review by CEC. Following CEC’s review, it is anticipated 

that the report will be publicly released by CEC. 

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

The gray trendline represents a round of measurements that was taken 
prior to this project in 2019, and the blue, yellow, and orange-red data 

represent the emissions before rod-seal maintenance, immediately after 
rod-seal maintenance, and after a 50+ hour break-in of the rod seals.  
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get colder than it would with Joule-Thomson cooling, allowing 

more gas to enter the vehicle before the pressure limit is 

reached. Expanders show the most promise as they do not 

require any additional energy input to achieve the desired pre-

cooling. But they are not commercially available for CNG’s 

high pressures, requiring a device to be designed specifically 

for this application. And they would need to operate over a 

wide range of pressure ratios, which is difficult to do efficiently 

for a given expander. 

The objective for this project is to design, build, and demon-

strate a novel expander to pre-cool CNG, in order to achieve 

full fills of CNG storage tanks on NGVs and thus increase 

effective storage capacity by 20%-25%.  

This UTD project is providing co-funding to a significant prime 

contract funding award from the U.S. Department of Energy. 

Project Description 

Compressing gas when filling a compressed natural gas 

(CNG) fuel storage tank causes a significant temperature 

increase, resulting in the pressure limit being reached prior 

to transferring the total mass that defines a full fill. Pre-

cooling CNG before it enters a CNG vehicle is essential     

to achieving a full fill under most fueling and ambient      

conditions.  

The issue of under-filling directly impacts the volume of stor-

age required on a vehicle. By providing consistent full fills, a 

vehicle requires a smaller fuel system, reducing the cost 

and weight of the vehicle’s CNG system. This improves the 

vehicle’s range, economics, and the user experience of op-

erating a CNG vehicle. 

Research has been ongoing to improve full fills by develop-

ing improved dispenser algorithms, investigating vehicle-to-

dispenser communication, and analyzing pre-cooling sys-

tems. These activities have led to the conclusion that some 

form of pre-cooling is necessary to guarantee a full fill. 

The most obvious method for pre-cooling is to use a vapor-

compression chiller to cool the CNG being delivered to the 

vehicle. This method is being used for some virtual pipeline 

filling stations, but is too expensive for most CNG vehicle 

filling stations. Research is currently determining whether 

the system design and operation can be optimized to bring 

down costs.  

Alternatively, the existing CNG compressor could be used to 

drive a Joule-Thomson cooling loop that is used to store 

cooling capacity between vehicle fills, and then use that 

cooling capacity to pre-cool the CNG going into the vehicles 

during a fill. This strategy has the advantage of reduced 

capital cost as it uses existing CNG station equipment, but 

will add run time, complexity, and maintenance cost to the 

CNG compressor.  

A detailed analysis is being conducted to estimate the annu-

al increase in compressor run time to accomplish the re-

quired pre-cooling. This analysis can be used to determine if 

the increased compressor run time is worth the reduced 

capital cost of the equipment. 

It is also possible to improve a CNG fill by using a turbo-

expander or similar device to pull energy out of the gas as it 

is flowing into the vehicle. An expander causes the gas to 

In this project, a research team is developing an innovative, cost-effective system  

to pre-cool compressed natural gas (CNG) prior to being dispensed into a natural 
gas vehicle in order to achieve full fills and improve operating range and user  
experience.  

CLEAN  TRANSPORTATION 

Laboratory testing. 
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Benefits / Market Implications 

The use of pre-cooling would improve the quality of the fueling 

procedure since gas temperature would be controlled by the 

station and less variable than in existing fueling procedures. A 

lower-cost option is necessary if pre-cooling is going to 

achieve widespread adoption, making under-filling an issue of 

the past. This technology can provide significant potential 

benefits to economically fill gaseous-hydrogen-fueled vehicles 

as well as CNG vehicles. 

 
Technical Concept & Approach 

The project team will perform a preliminary design analysis of 

a novel expander for pre-cooling CNG. The design will include 

detailed models, simulation, and schematics of the selected 

technology that estimate the expected cooling performance 

and how much it impacts CNG full fills, as well as the estimat-

ed capital and operating cost of the technology in a simulated 

station.  

 

Results 

The project team is developing a design for the free piston 

expander. Researchers need to determine the best method 

for energy rejection from the gas being cooled. Options being 

considered are electricity generation and/or gas compression. 

The research team has also focused on developing an under-

standing of the tradeoffs related to operating stroke vs. fre-

quency, diameters, and other guiding characteristics. 

Efforts are under way to enhance a simulation of the free pis-

ton expander to better estimate the performance of the sys-

tem. The simulation will be used to optimize stroke, frequency, 

and other relevant design parameters.  The immediate goal is 

to simulate an “ideal” expansion cycle at nearly 100% efficien-

cy, then start adding system losses into the simulation to ac-

curately represent the expected expander performance. The 

simulation is being used to determine how the expander attrib-

utes such as stroke length and piston diameter impact the 

efficiency.  

The design of the expander frame is similar to the linear motor 

frame being designed for the alpha compressor because both 

designs have similar requirements. They must be hermetically 

sealed and accurately support the moving “flotor” that will con-

nect to compression and/or expander pistons.  

In 2020, the CNG expander geometry was finalized. The pro-

ject team is developing custom valves that can be actuated by 

the expander piston. By using the piston to actuate the valves, 

they should actuate fast enough to achieve the desired perfor-

mance.  

In addition to fabricating the expander itself, the team contin-

ued preparing the test cell for the expander testing.  

Preliminary testing resulted in several accomplishments:  

1. The team was unsure if the linear motor controls would be 

able to maintain control of the piston during expansion. 

The primary concern was the impulse of pressure on the 

piston as the supply valve was opened. This was tested 

and the motor controls were able to maintain their target 

position with little error.  

2. The nitrogen expander was operated at steady state to 

measure the efficiency at various operating conditions. 

The highest measured efficiency using low pressure nitro-

gen reached nearly 60%. This is significantly better than 

the preliminary results the team expected. The team was 

also able to determine that the losses are likely related to 

the pneumatic cylinder friction and ambient heat transfer.  

3. The team was able to fill a compressed air tank using the 

low-pressure nitrogen expander. This is noteworthy be-

cause the expander must adjust the supply and discharge 

valve timing to account for the changing pressure ratio as 

a vehicle cylinder is filled. The team was able to program 

the nitrogen expander with a valve control loop that ad-

justed the valve timing based on measured pressure ratio.  

The project team evaluated various motor frame designs in 

order to evaluate the best path forward. Researchers also 

tested commercial valves, finalized a custom valve design, 

verified the bearing design, studied the works as intended in 

the linear motor frame, and compared linear motor design 

variations to select the preferred design for full-scale testing.  

 

Status 

The project team is completing fabrication and assembling the 

expander. The next steps are to finalize the test area and pre-

pare to test the expander.  

The development of a cost-effective gas expander looks very 

promising to date. Preliminary testing has demonstrated the 

design, achieving higher-than-expected efficiencies with non-

optimized components. In addition, the full-scale CNG and 

hydrogen designs are progressing and show promise that they 

can achieve the performance and cost necessary to signifi-

cantly improve full fills of gaseous fueled vehicles.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Preliminary expander design.  
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rently installed on most NVGs, to transmit temperature and 

pressure to the CNG dispenser. This system can also be 

programmed with the age and volume of the vehicle’s CNG 

cylinders, improving accuracy and safety of the fill.  

This smart CNG equipment uses low-cost, off-the-shelf data 

transmission hardware to guarantee that NGVs safely and 

consistently receive the maximum amount of gas possible 

during every filling event. By maximizing the volume of gas 

received, the volume of the NGV fuel system can be mini-

mized, saving cost and weight of the vehicle.  

The objective is to design, build, and demonstrate a proto-

type CNG station that includes a smart CNG dispenser and 

a smart NGV. A project team will develop pre-commercial 

prototype hardware and protocols to enable a vehicle and 

station to communicate information about the vehicle’s fuel 

system (e.g., real-time pressure and temperature, tank vol-

ume, and age of the CNG fuel system). This information will 

allow safer, fuller fills while also enabling fleets to more ac-

curately track their vehicle’s fuel consumption.  

This UTD project is co-funding a $2.6 million smart CNG 

station research project award from the U.S. Department of 

Energy’s National Renewable Energy Laboratory (NREL). 

UTD’s project partners also include CSA Group, a leading 

CNG tank and fuel system provider, and a major concrete 

supply company as the end-user host site. 

 

Benefits / Market Implications 

Improving full fills using communications can lower the cost 

of an NGV by up to 10%. The lower cost per vehicle reduces 

the risk of adoption for fleets considering CNG, and reduces 

costs for end users.  

Active communications also improves the safety of a CNG 

fill. Testing of existing algorithms demonstrated that it is un-

likely, but possible, to over-fill a vehicle. Using communica-

tions, researchers developed a filling algorithm that should 

never result in an over-filled vehicle.  

The primary target markets impacted will be NGVs with a 

focus on heavy-duty trucks. Secondary applications may 

include for example virtual pipeline gas transport, locomo-

tives, and some marine ferries. 

Project Description 

Research is under way to improve natural-gas-vehicle (NGV) 

full fills using a multi-tiered approach. This includes the de-

velopment of an improved dispenser algorithm, a preliminary 

look at vehicle-to-dispenser communications, and an investi-

gation into various pre-cooling technologies. Improvements 

in all three areas are necessary to deliver a full fill. Pre-

cooling has been receiving more attention lately as fleets 

become aware of under-filling drawbacks. While it is simple 

(although expensive) to add a pre-cooling loop into the fuel-

ing process, over-filling of storage systems can occur if the 

algorithm does not account for the below-ambient gas tem-

perature. It is very important that a filling algorithm be devel-

oped that can take pre-cooling into account.  

In response, researchers developed an advanced full-fill al-

gorithm that was shown to accurately fill vehicles to nearly 

100% full across a range of test conditions. However, this 

algorithm requires information about the vehicle’s real-time 

pressure and temperature. A means for communicating that 

information to the vehicle is essential to improving full fills. In 

addition, pre-cooling is necessary to achieve full fills on warm 

days. However, pre-cooling alone will not ensure that the 

vehicle is filled accurately or safely. Again, this is where com-

munications are necessary to safely and effectively utilize 

any investment made in pre-cooling equipment.  

Development of a smart compressed natural gas (CNG) dis-

penser and vehicle enables vehicle sensors, which are cur-

Researchers will design, build, and demonstrate a prototype compressed 

natural gas (CNG) station that includes a smart CNG dispenser and a smart 
natural gas vehicle (NGV). Pre-commercial prototype hardware and proto-
cols will be designed to enable the vehicle and station to communicate 
about the vehicle’s fuel system to deliver safer, fuller fills for end users. 

Data logger. 
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Technical Concept & Approach 

This project involves developing and testing a smart NGV 

and dispenser capable of using an advanced full-fill algorithm 

to maximize a full fill. The smart vehicle and dispenser will be 

tested with an isentropic expander to demonstrate a com-

plete smart CNG station solution that guarantees full fills of 

NGVs.  

The project team will refine and test a software protocol for 

identifying an NGV at a CNG station, verifying that the NGV 

is connected to the correct dispenser, and establishing a se-

cure connection. This is the first step in verifying that wireless 

hardware can be utilized for this application.  

A standard that defines how a smart vehicle and dispenser 

should transmit data during a filling event will be developed.   

The project team will build a prototype smart CNG dispenser 

and vehicle based on the protocol and standard requirements 

developed. Performance of the smart dispenser and vehicle 

will be tested, demonstrating that the vehicle receives the 

maximum fill possible across a wide range of filling condi-

tions.  

The project will occur over 36 months. The first 24 months 

involve the development of a standard, settling on a data-

transmission type, and establishment of a connection proto-

col. The last 12 months will be dedicated to testing across a 

range of filling conditions. Project efforts are being coordinat-

ed with the work under UTD Project 2.20.G. 

Results 

The project team finalized the design of a pre-commercial 

smart vehicle data acquisition and wireless communication 

system to install on CNG vehicles. Researchers completed 

bench-scale development of a smart dispenser module that 

can communicate with the smart vehicle to improve full fills.  

One of the data loggers (which was previously deployed on a 

CNG concrete mixer) was fully connected to the vehicle fuel 

system. The logger is recording the vehicle pressure and 

temperature, adding the measured data to and then broad-

casting the data to the cloud over a cellular connection while 

also broadcasting over WiFi for local devices. The cloud stor-

age allows the team to monitor the vehicle’s fuel consumption 

and fill quality during real driving cycles. The local WiFi allows 

the vehicle to communicate data with local devices such as 

the smart dispenser being developed.  

The dispenser and smart module share predetermined infor-

mation for the smart module to control the dispenser’s fill 

logic when a smart vehicle has been identified. The team also 

developed a connection protocol that will ensure the correct 

CNG vehicle is always identified; if there is any doubt about 

the vehicle that is actually connected to the dispenser, then 

the system will revert to a standard CNG fill.  

In coordination with UTD Project 2.16.N, project researchers 

also supported efforts by CSA Group NGV 4.3 Committee, 

which developed new tests for certifying non-communication-

based dispensers and is planning on incorporating language 

related to pre-cooling and communications to enable im-

proved fills. The committee decided to move forward with the 

development of a software certification method to more easily 

and cost effectively certify the accuracy and safety of CNG 

dispensers.  

 
Status 

In 2021, with the development of the data-collection system 

and the start of a smart CNG module, the demonstration of a 

smart vehicle and dispenser was initiated. Once the smart 

dispenser module is complete, research will begin to inte-

grate the module with a dispenser. 

The team and manufacturers are trying to determine the ca-

pabilities and limitations of controllers and if they are suitable 

for the short-term and long-term needs of the application. 

Activities also continue on the development of an embedded 

smart vehicle and dispenser solution, as well as a revised 

NGV 4.3 standard.  

For more information: 
 

Rich Kooy, P.E. 
Vice President, Operations 
Utilization Technology Development NFP 
Phone: 1-847/768-0512 
rich.kooy@utd-co.org 

Smart dispenser components being bench tested.  
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Benefits / Market Implications 

DG has the potential to reduce the load on the electric grid 

while also decreasing emissions in several areas of the Unit-

ed States, or to allow EV charging stations to grow and 

serve end users in areas with limited electrical distribution.  

While it is clear that the vast majority of EV charging loca-

tions will be served by the electric grid, there appears to be 

regions or locations where gas-fired DG can support the 

growth of EV charging infrastructure and adoption of EVs. 

Value-added grid services offered by an advanced DG solu-

tion (e.g., demand response, power export, or smart vehicle-

to-grid bi-directional chargers) could potentially further    

improve.  

 

Technical Concept & Approach 

This project focused on determining operational and energy 

needs of EV fleets and evaluating appropriate technology 

solutions and designs for distributed power and EV charging 

equipment, including the unique attributes of EV fueling cy-

cles. Researchers evaluated natural gas and propane  pow-

er-generation options and potential technology development 

needs.  

Project Description 

The demand for electric vehicles (EVs) is growing and affect-

ing all sectors of the transportation industry. It is estimated 

that investment in EV research will be over $300 billion over 

the next five to 10 years. Projections include the need for 

more than 10 million public charging stations to support the 

EV charging demand.  

In Phase 1 of this project, researchers evaluated the poten-

tial for gas-powered distributed generation (DG) solutions to 

serve the EV charging infrastructure.  

In Phase 2, research focused on identifying potential specific 

sites for an initial demonstration and on investigating poten-

tial barriers to DG solution adoption.  

The areas where natural gas may be able to support the 

transition to EVs appear to be locations that have the highest 

power needs, high demand charges, and limited electric grid 

flexibility. As major fleets continue to evaluate medium-duty 

and heavy-duty vehicle applications, the need for sites de-

manding over one megawatt of power will grow. These sites 

can incur significant costs to upgrade their electric grid, and 

utilizing natural gas or propane generators may be able to 

support the transition to EVs in some of these locations.  

Researchers identified technical issues and advancements necessary for gas-powered  
distributed generation technology solutions to support the growing electric vehicle 
charging market in critical growth areas.  

Direct-charge fast-charging complex design considerations. 

Source Credit: INL  
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The project tasks include:  

• Evaluation of EV Fleet Needs  

Project representatives held dialogues with fleets and 

charging-equipment providers to understand the deci-

sion-making process, pain points, and experience to 

date. Based on early Phase 1 findings, focus was given 

to public transit and school bus fleets. Researchers was 

conducted to identify three or more EV fleets, analyze 

their energy use and cost, and compare those with a 

state-of-the-art DG solution. Based on published case 

studies and literature, researchers found the economics 

and challenges are constantly evolving, even for estab-

lished operations. This task resulted in up-to-date 

knowledge of the market needs.  

• Identification of Potential Demonstration Site and 

Technology  

The project team collaborated with prospective fleets, 

vehicle OEMs, and project developers to identify an initial 

deployment site. The team sought an initial candidate for 

a demonstration of “non-wires” or smart grid services DG 

charging solution with a focus on an application that can 

be seen as a model for the larger adoption and identify 

the key partners that can support these activities. The 

goal of the task was to identify and/or develop the most 

appropriate technological solution and a streamlined de-

ployment plan, demonstrating advantage over cited grid-

based deployment challenges.  

• Economic and Environmental Analysis of a Sample 

Solution  

Researchers planned to create an analysis showing the 

economic and environmental comparison of a DG system 

and conventional grid-supplied solution. The plan includ-

ed an analysis of carbon intensity and emission, demon-

strating the environmental advantage of the DG system. 

Other goals included an economic analysis and dissemi-

nation of the project results through a series of online 

events conducted in collaboration with outreach partners. 

 
Results 

A Phase 1 Final Report was issued in September 2020. The 

report provides an investigation into EV technology and an 

evaluation of the EV infrastructure needs and equipment. Var-

ious DG technologies are also discussed, including internal 

combustion engines, microturbines, fuel cells, renewable en-

ergy, and DG EV charging. 

In 2020, project representatives held conversations with the 

potential stakeholders, fleets, and technology providers in 

California interested in the funding opportunities. Researchers 

identified two micro-grid/DG solution developers. The team 

also researched published literature containing detailed 

charging and operational needs of public transit fleets.  

Another solution that was evaluated was a skid-mounted, 

mobile charging station that could be deployed at sites that 

are beginning an evaluation of EVs (but are not ready to com-

mit to major infrastructure costs), performing a short-term 

demonstration, promotional events, or during sustained pow-

er outages. A skid-mounted system could provide a quick, 

flexible solution that could be relocated as needed.  

In 2021, efforts focused on identifying a fleet or a demonstra-

tion site that will define real-life requirements. The team con-

tinued to support the Chicago Fleet Electrification Task Force 

organized by Advanced Energy Group, an effort involving 

multiple local agencies, fleets, engineering firms, and com-

munity organizations focusing on developing a roadmap ena-

bling de-carbonization of trucking fleets in Chicago area. 

Researchers identified several barriers to the adoption of   

gas-fired DG systems: 

• Slower-than-anticipated EV truck introductions to the mar-

ket (due to technology, COVID, and supply-chain issues) 

• Limited EV truck pilot deployments, and  

• Early adopters are driven by corporate environmental sus-

tainability goals and public sentiment, and gas-fired solu-

tions may be perceived as undesirable even to support EV 

market growth in critical growth areas. 

 
Status 

The Phase 2 Final Report is being prepared to help gas utili-

ties identify potential key areas to support increased adoption 

of EVs through distributed generation. 

Public fast chargers, while posing large peak demand on the 

electrical grid, do not see enough overall use to present an 

opportunity for a distributed energy system yet. Similarly, the 

adoption of heavy-duty EVs is proceeding slower than antici-

pated. This situation may change as medium-duty and heavy-

duty EVs are deployed and more charging is done in public or 

large commercial settings. The technology trends in EVs and 

chargers need to be monitored for opportunities. However, 

nearer-term opportunities may exist in the bus and emergen-

cy-evacuation markets.  

For more information: 
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Benefits / Market Implications 

This UTD project allows investigators to leverage many 

years of gaseous fueling experience to solve a significant 

problem in the industry. Although heavy-duty vehicles (Class 

8-10 trucks) will benefit the most from an advanced driver 

information system due to the larger savings in fuel-system 

size and cost, the medium- and light-duty sectors can also 

benefit. Market entry, however, will focus on heavy-duty fleet 

vehicles.  

This technology development also directly benefits other 

gaseous clean transportation fuels such as hydrogen. 

The benefits of addressing the range uncertainty currently 

associated with NGVs, as well as the benefit of fuel gauge 

improvements, are difficult to quantify due to their dependen-

cy upon the driver’s risk tolerance and driving behavior. 

However, initial discussions with vehicle drivers indicate that 

they typically return for fueling when their vehicle tanks are 

20%-40% full. Decreasing this remaining fuel reading to be-

low 10% would result in significant savings. 

One way to quantify this savings is through fuel-system 

costs. NGV fuel systems are expensive partly because they 

are typically oversized due to concerns about achieving a full 

fill and range-anxiety issues. By increasing confidence in the 

fuel gauge reading of the vehicle, the vehicle fuel capacity 

can be reduced, lowering cost of the fuel system by as much 

Project Description 

Maximizing fuel use from onboard storage is among the iden-

tified challenges to increased natural gas vehicle (NGV) utili-

zation by heavy-duty trucks. The U.S. Department of Ener-

gy’s (DOE) Clean Cities program performed a nationwide 

survey of NGV drivers, and unreliable fuel gauges were a 

consistently-mentioned deterrent to adoption. Researchers 

found that an advanced vehicle driver information system is 

needed to address major barriers such as: 

• Range anxiety  

• Frequent and unnecessary fueling stops  

• Reduced driver productivity, and  

• Disrupted workflow for the fleet operator.  

The goal of this project is to provide the NGV driver with an 

accurate estimate of the distance the vehicle can travel with 

the fuel left on board. The measurement of the amount of 

usable fuel on the vehicle is a crucial piece of this driver in-

formation system. Although it is often simplified to a pressure 

measurement, there are large variations in gaseous fuel 

pressure due to large swings in temperature. During fueling, 

the gas in the tank heats up to as high as 185°F, which can 

provide a premature “full” indication. Once the gas cools 

down, the pressure drops sharply, giving the appearance that 

a full tank leaving the fueling station has drained very quickly. 

Further complicating things, the gas in the tank expands and 

cools as fuel is consumed. This expansion cooling, which 

can result in temperatures as low as 80°F below ambient, 

reduces tank pressure and causes gas to be stranded on 

board the vehicle as the driver is led to mistakenly believe 

that the tank is almost empty.  

The additional information needed to calculate miles-to-

empty includes the fuel consumption rate of the vehicle in 

various driving situations (traffic, weather, terrain, etc.) and 

knowledge of the route to be followed and its condition. This 

project will also demonstrate how this additional information 

can be used to provide an accurate miles-to-empty estimate 

for the vehicle.  

UTD is partnering with the DOE on this effort by providing co-

funding to a major research contract with prime funding pro-

vided by the DOE. Other project team members include Ar-

gonne National Laboratory and a leading concrete supplier.  

Activities in this project focus on developing and demonstrating a next-generation 
NGV driver information system which provides an accurate miles-to-empty estimate 
for the vehicle. By increasing confidence in the fuel gauge, fuel capacity can be  
reduced, lowering the cost of the fuel system by as much as 20%.  
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as 20%. The productivity of the driver would increase as the 

truck would make fewer trips to refuel. Compressed natural 

gas (CNG) fueling stations are not as conveniently located or 

plentiful as diesel fueling stations. Reducing miles traveled to 

refuel will lead to fewer emissions and fuel cost savings.  

 
Technical Concept & Approach 

• Data Collection and Application Development  

Fleet vehicles will be instrumented to collect CNG temper-

ature and pressure data during filling events and normal 

use.  This data will be combined with data from controlled 

laboratory testing to develop and validate a thermodynamic 

model used to estimate the usable fuel status of a vehicle’s 

fuel system at any given time. The fleet vehicles will be 

equipped with data-acquisition systems that transmit data 

via cellular modem to the cloud, where it will be gathered 

and analyzed. The laboratory testing will include controlled-

rate tank de-fueling to measure temperature and pressure 

behavior. This temperature/pressure behavior will be used 

to determine the relationship between measured parame-

ters and the amount of usable fuel remaining in the vehi-

cle’s fuel system. With that value – and knowledge of the 

vehicle’s fuel efficiency, planned route, and traffic and 

weather conditions – a miles-to-empty prediction can be 

provided similar to what is available on newer liquid-fueled 

vehicles.  

Fleet-management software developed previously to opti-

mize the driving behavior of fleets will be adapted to inte-

grate with the new information. This software will use turn-

by-turn navigation to predict the route the driver will take 

and how much fuel will be consumed. From this estimate, 

the dispatch center can determine if a refueling stop will be 

necessary or if changes to vehicle routes could improve 

fleet performance. It is worth noting that this additional fea-

ture will be independent of the miles-to-empty calculation. 

In this research project, both values will be presented on a 

tablet in the cab, but in a commercial system the miles-to-

empty prediction could occur within the vehicle dashboard 

system. 

• Application Validation and Deployment  

This task focuses on validating the models and ensuring 

proper operation of all systems. Data from fleet vehicles 

will be used to validate the thermodynamic model. A re-

vised system will be prepared for beta testing of the soft-

ware functionality and installed on an initial vehicle. Once 

this first installation is completed and validated, installation 

on multiple vehicles will occur.  

• Performance Monitoring, Improvement, and 

Knowledge Transfer  

As the systems gain usage, predictions will be compared to 

driver reports and operating data gathered from the data-

acquisition systems on the vehicles. Driver feedback will be 

solicited to evaluate the perception of the system accuracy, 

and changes in driver behavior will be quantified. Once the 

system is proven and the benefits quantified, the team will 

approach potential commercial partners for licensing op-

portunities.  

 

Results 

In  2020, a prototype data-acquisition system was installed in 

the first truck at a partner’s fleet, and planning was completed 

for installation of similar data-acquisition systems on 12 

trucks. Several minor issues were resolved through normal 

troubleshooting activities. 

The laboratory de-fueling test setup was completed, and first 

tests were performed. 

A model was built to calculate the gas remaining in the fuel 

tank based on tank pressure and temperature – with accura-

cy >95% for a wide range of gas compositions between 

-60°F and  140°F. 

In  2021, data-acquisition systems were built for all 12 of the 

trucks participating in this program. The collected data will be 

used to validate and improve the calculation of remaining fuel 

on board the vehicle. 

The upload speed and time intervals of the data-loggers were 

adjusted to ensure the loggers can successfully upload all 

information in the allotted time. These modifications were 

applied to all new logger units. 

 
Status 

Technicians are installing data-acquisition systems on all 12 

trucks. The data-handling and analysis process is being auto-

mated to convert and store data in a usable form.  
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Researchers will install sensors and communications equip-

ment on the vehicle and the station, and feed the information 

to an improved CNG filling algorithm. The project team will 

demonstrate the system at five field locations. The improved 

filling performance will be analyzed, as will any increase in 

cost of the vehicle or dispenser. Fuel-system and operational 

savings will be calculated to determine the true net benefit of 

improved full fills. The results from this techno-economic 

analysis will be used to develop a commercialization      

strategy. 

 

Benefits / Market Implications 

The initial target markets for this technology are heavy-duty 

trucks, with the focus on reducing the frequency of fills to 

improve the productivity of CNG-fueled trucks. Higher 

productivity can lead to greater profitability for the fleet or 

truck owners.  

Developing and commercializing a smart CNG fueling sys-

tem would reduce the capital cost differential between CNG 

and diesel trucks. This expands customer’s competitive 

choices for fuel. It is estimated that the smart CNG fueling 

system could reduce the capital cost for fuel storage by 

about 25%.  

Project Description 

Efforts are under way to develop a “smart” compressed natu-

ral gas (CNG) fueling system that will increase the utilization 

of onboard CNG storage capacity by 10%-25% compared   

to current practice and provide substantial savings to end 

users.  

The smart CNG fueling system will use improved sensors 

and algorithms to provide consistent full fills, resulting in up 

to 25% lower capital cost for fuel storage on natural gas vehi-

cles (NGVs) and reduced operating costs for filling.  

CNG vehicles are often under-filled because the gas heats 

up and expands during the filling process. The amount of 

under-filling depends on many factors; however, 20%-25% is 

frequently cited by fleets and industry experts. This is further 

supported by the fact that commercial fuel systems are nomi-

nally designed 30% larger than the “usable” fuel capacity 

quoted by the manufacturer. On many heavy-duty CNG vehi-

cles, adding 30% extra storage can easily be the difference 

between needing three versus four storage cylinders to 

achieve the vehicle’s required driving range. By eliminating 

the fourth cylinder, the weight and cost of the fuel-storage 

system can be significantly reduced.  

A novel CNG fueling system is being developed to increase the utilization of the onboard 

CNG storage capacity by 10%-25%. The smart fueling system will use improved sensors 
and algorithms to provide consistent full fills, resulting in up to 25% lower capital cost 
for fuel storage and reduced operating costs for filling.  
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Technical Concept & Approach 

This project focuses on the challenge of CNG under-filling by 

addressing the major technical issues through a demonstra-

tion with commercial partners. The tasks include developing 

and deploying an advanced dispenser algorithm and wireless 

vehicle-to-station communication devices that will transmit 

real-time fueling information between the vehicle and the 

dispenser for the first time.  

In this project, UTD is partnering with the U.S. Department of 

Energy (DOE) and leading manufacturers and end users. 

UTD is providing co-funding to a significant prime contract 

from the DOE. 

The project team will assemble and deploy data-acquisition 

systems on multiple demonstration sites and vehicles to col-

lect necessary filling data. Station components for vehicles 

and dispensers will be developed. These smart components 

will be designed to securely transmit real-time data (e.g., 

temperatures and pressures) between the vehicle and sta-

tion, enabling a safer, more accurate full fill using an ad-

vanced fueling algorithm. Components will be designed to 

applicable wireless data-transmission standards. 

Researchers will test and validate the performance of the 

components and algorithm first in a controlled laboratory set-

ting. Testing will include validation that the dispenser wire-

lessly connects to the correct vehicle and then accurately 

transmits the required data when filling a variety of CNG cyl-

inder types, volumes, and configurations. Upon successful 

validation of the smart component performance, the systems 

will be integrated into test dispensers and vehicles, and then 

operated for a year at demonstration sites.  

The research team will monitor data collected from a variety 

of CNG stations and vehicles during smart-filling events. This 

data will be analyzed and compared to the baseline to quanti-

fy the improved performance and accuracy of the new sys-

tem. In addition, the project team will begin initial commercial-

ization steps for the technology. 

Results 

Researchers deployed the first of six data-acquisition sys-

tems onboard a fleet of concrete mixers. The data-acquisition 

system allows for the collection of fueling and fuel-

consumption data onboard the vehicle to better understand 

how baseline dispensers operate and how much they under-

fill vehicles. The system is transmitting data about the fuel 

system to the cloud where investigators can download and 

evaluate fills and driver filling practices.  

In 2020, the project team initiated development of the smart 

dispenser hardware that will be used to communicate with the 

smart vehicles during fueling. A microprocessor was selected 

and tested with the communications equipment installed 

onboard the vehicles. Researchers also began programming 

the logic that will be used to identify the connected smart 

vehicle and then override the dispenser controls so the smart

-filling algorithm can complete the fill. 

After receiving components for the remainder of the data-

acquisition units, 3G cellular transmitters were found to no 

longer be compatible with the local cell networks. Subse-

quently, the transmitters were upgraded to 4G.  

In 2021, project representatives began negotiations with 

three prospective dispenser manufacturers. 

 

Status 

A fleet will deploy the remaining data-acquisition units in 2021 

and data analysis will commence.  

Bench testing of vehicle transmitter and dispenser receiver. 

- Dave Miller 
  National Accounts and CNG 
  ONE Gas 

“Oklahoma Natural Gas is pleased to partner 
with U.S. DOE and others through UTD  
to demonstrate this innovative Smart  
Compressed Natural Gas (CNG) Station. 
We’re excited about its potential to increase 
onboard CNG storage capacity by up to 25% 
while reducing station and fleet operating 
costs. With 127 CNG stations in our  
Oklahoma service area, this significant  
technology advancement can potentially 
provide substantial savings for our CNG 
customers and help reduce greenhouse  

gas emissions in our state.”   
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