‘nergy to Lead

Natural Gas Energy Efficient
Technology Developments

> Dr. Jack Lewnard
Chief Technology Officer
Gas Technology Institute

I 420 ooaammm Ot



WHO WE ARE

Gas Technology Institute

>| eading U.S. research, development, and training
organization serving the natural gas industry and
energy markets

>Main Facility: 18-Acre Facility Near Chicago
Over 350,000 ft? of laboratory space
28 specialized laboratories and facilities




GTIl End Use Solutions

> Develop clean, efficient and cost-effective
technology & products with value-added benefits to
our partners
Industrial processes
> Metals, glass, petrochemicals, paper, food, others
Power and steam generation
> Industrial boilers
> Engines, turbines, fuel cells
Residential/commercial appliances
Transportation
> Alternative fuel vehicles & infrastructure



Natural Gas Technology Development
and Collaborative RD&D Programs
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Energy Efficiency Programs
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Sustaining Membership Program @

>SMP Is a highly leveraged program focused on mid- to
long-term R&D (3 — 5 yrs) in gas operations and end-
use technologies. By definition, SMP projects extend
beyond the near-term horizon.

>Annual Budget ~$2+ Million ($7 — 10 million leveraged)
>Higher Risk — Higher Reward
>22 utility members from across North America

>Projects eventually flow into OTD (operations) and
UTD (end use) development efforts




Utilization Technology Development

>UTD Is a stand alone,
not-for-profit,
LDC-controlled organization

>Enables natural gas utilities to work
together as partners to address solutions to
common end use Issues

>Formed May, 2004
>11 members, ~$3 million annual funding

>R&D efforts leveraged by Federal, State,
and Manufacturing partner cofunding




UTD Members

> Alabama Gas >NYSEG
> APGA Research > Oklahoma Natural Gas
Foundation

> Piedmont Gas

> Atmos Energy >Questar Gas

> Enbridge Gas Distribution Southern California Gas

> National Grid

> National Fuel

Chairman: Susan Davis, Questar Gas
Vice Chairman:  Scott Shepherd, Oklahoma Natural Gas




Utilization Technology Development
Working Groups

> Residential/ Commercial
Water Heating

> Residential/Commercial
Space Conditioning

> Commercial Food Service
> |Industrial Processes

> Distributed Power/CHP & Steam
Generation

> Transportation

> Renewable Energy (biogas, solar
thermal)

> Carbon Management




UTD Supported Commercial Products

> NovelAire ComfortDry ™ 400

Advanced space conditioning system developed for residential and light-
commerical buildings where humidity or allergen concerns prevail (NovelAire
Technologies)

> RASERT Technology
The Reverse-Annulus Single-Ended Radiant Tube (RASERT) technology
increases productivity, raises thermal efficiency, and lowers NOx emissions for
industrial heat treating and other indirect heating applications (North American
Manufacturing Co.)

> Stellar Countertop Steamer
Compact gas-fired countertop steamer for commercial food service
offers enhanced cooking rates, energy savings and reduced water use
(Stellar Steam, part of AGA Foodservice Equipment)

> Avanctec Combi-Oven
Combination oven uses a patented technology for improving cooking
performance, quality, and efficiency. (Avantec Food Service
Equipment)




GTI/UTD Demo Opportunities

> Commercial Wok
A new commercial foodservice wok was developed that increases
efficiency over 100% (compared to current products) while improving
kitchen comfort by lowering ambient temperatures. A major chain has
tested the technology with favorable results.

> Commercial Warewasher
A new, improved cost version of a gas-fired warewasher for commercial
foodservice establishments is being readied for field testing to quantify
energy savings and overall washing performance.

> LOV Fryers

New low-oil-volume (LOV) fryers are coming to the market, offering
improved efficiency and compatibility with low trans fat oils. UTD and
GTI are working with Pitco and FryMaster — and gas industry partners
— to demonstrate the energy efficiency and performance benefits of
these new food service products.



GTI/UTD Demo Opportunities

> Commercial Charbroiler
GTl is developing a new, higher-efficiency commercial charbroiler. This
new product also features improved cooking performance and
temperature uniformity and kitchen comfort while retaining “char-
broiled” food characteristics.

> Commercial Rethermalizer
GTIl and UTD are working with a commercial partner to develop and
demonstrate an improved efficiency natural gas-fired rethermalizer for
commercial food service operations.

> Solar Thermal/Natural Gas Hybrids
GTIl and UTD are working on several new technology and
application opportunities for integrating new solar thermal systems
into residential, light commercial, and industrial uses, including hot
water, steam generation, thermally driven cooling, and process
heating



GTI/UTD Demo Opportunities

> Super Boiler
Revolutionary ultra-high-efficiency firetube boiler package achieves over 95% HHV
efficiency, improved water conservation, and ultra-low NOx emissions. Two
industrial units in field test. Additional field test opportunities in development.

> Transport Membrane Condenser
This key component of the Super Boiler can be applied on a retrofit or upfit basis to
existing or new boilers to improve energy efficiency and heat recovery. Non-boiler
field test opportunities in development for food processing, paper industry, and
other industrial uses with high humidity streams.



GTI/UTD Demo Opportunities

> Direct-Fired Drum Dryer
A new direct-gas-fired drum dryer is ready for field testing in industrial applications
such as food processing and paper drying. An initial field test is in development at
a California food processing facility. The direct-fired drum dryer provides significant
Increases in production, energy efficiency enhancements, and lower NOX.

> Light-Commercial CHP System
GTI is working with Yanmar and a consortium of natural gas utilities looking at the
commercial introduction of 10-30 kW packaged gas engine combined heat and
power systems, leveraging a product platform that is widely used in Japan. Initial
market applications are targeted for the Northeast U.S.



Other Areas...

>GTI also Investigating:

Water heater improvements (tank and tankless) —
iIncluding performance, efficiency, component
reliability, NOx emissions

Venting issues for single-family, multi-family, and
commercial buildings

Role of natural gas in “green buildings” and net zero
energy homes

Building and community energy analysis and planning
Role of natural gas in carbon management



Summary

> GTI working with utility partners, Federal Government
(especially USDOE), States, and manufacturing partners
on a range of new end use technologies

> Strong support for energy efficiency, driven by high
energy prices and related policies such as decoupling
and carbon management

> Energy efficiency programs can be an integral part of the
product development cycle
Demonstration, Deployment, and Commercialization support




