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Project Summary

Project Description: Alaskan Burner R&D was formed to research & develop high efficiency oil
burners. The resulting research led them to develop a burner to take advantage of BLEVE (Boiling
Liquid Expanding Vapor Explosion) technology to create blue flame efficiency and increase flame
temperatures from around 930 C (1,650°F) to around 1650 C (3,000°F). Based on secondary
research, this BLEVE technology, which currently is TRL 4, when harnessed into a Blue Flame Burner
(BFB), can greatly increase fuel efficiency, through improved combustion efficiency. BLEVE
technology has the potential to reduce home heating fuel bills by up to half, which would be a dramatic
savings for rural homes across Alaska. AB has used their own funds and sweat equity to date and
have matching funds available from third parties if grant funds are awarded.

The purpose of Blue Flame Burners (BFB) is to burn fuel oil more efficiently. All current oil fired
burners are yellow flame in nature. Yellow flame temperatures range between 760 C and 1,090 C
(1,400°F and 2,000°F), this is greatly affected by a number of factors. Carbon, the major component of
oil, needs to reach a temperature of 1190 C (2174 F ) degrees so properties can be used in
combustion. Current burners are not designed to achieve the high temperatures required to produce
the desired combustion efficiency because the liquid fuel oil is sprayed into the combustion chamber
and ignited. The nozzles don't fully gasify oil before combustion. Yellow flame burners average 51%
absolute maximum burning efficiency. (http://inspectapedia.com/heat/Blue_Flame_Combustion.htm -
Herman Vogel aerospace engineer)

Project Innovation: Blue flames burn at an average temperature of 1,650 C (3,000°F) which means
that most combustible portions of the fuel is utilized. Blue flame burners average 78% absolute
maximum burning efficiency. (http://inspectapedia.com/heat/Blue_Flame_Combustion.htm - Herman
Vogel aerospace engineer). Alaskan Burners Blue Flame Burner will achieve these higher
combustion temperatures by utilizing an advanced BLEVE nozzle assembly and controller design that
can retrofit into existing units or used in new systems. The Blue Flame Burner system in development
by Alaskan Burner R&D will improve combustion efficiency in oil fired systems by 29% (78% — 51%)
thereby reducing fuel usage. A 29% reduction in fuel use is a substantial savings to rural Alaska
communities. Residential fuel oil usage in Alaska is approximately 63,813,000 gallons per year (5 year
average, http://www.eia.gov/dnav/pet/PET_CONS_821USE_DCU_SAK_A.htm). Fuel oil prices in
Alaska range from $3.60 to $11.00 per gallon depending on how remote the location. The Blue Flame
Burner is approximately 29% more efficient and has the potential to reduce fuel oil usage by up to
18,505,770 gallons per year. At $3.60 that would be a savings of $67 million per year.

Alaskan Burner R&D’s Blue Flame Burner utilizes existing technologies and materials
integrated into an innovative solution for energy efficiency. The Blue Flame Burner system consists of
a BLEVE nozzle assembly and controller that will replace existing burners. The basic idea of the
design for the Blue Flame Burner is a burner housing that contains a BLEVE nozzle, consisting of an
induction heating element, solenoid valve with a built in BLEVE reaction chamber and sensors that are
controlled and monitored by an advanced computerized controller. The controller signals the BLEVE
nozzle assembly to let a measured amount of fuel into the BLEVE chamber of the nozzle assembly
where it is heated to a vaporization temperature above the auto ignition point of the fuel, it is then
released into the burn chamber through the orifice of the BLEVE nozzle. The vaporized fuel ignites on
contact with the oxygen in the burn chamber. This cycle happens in about 1/100th of a second and is
repeated as long as heat is needed. The controller monitors and adjusts the burner to maintain
optimized burn efficiency, temperature and minimize emissions within pre-programmed parameters
producing a clean burning blue flame.

Project Priority: This project meets the priority criteria because the applicant is an Alaska
organization with Alaskan ownership, it is conducted in partnership with the University of Alaska



Fairbanks, it is supported by match and includes in-kind from the applicant, and it has the potential to
offer significant fuel oil savings all across Alaska.

Technology Validation and Data Collection

Objectives: This project objective is to construct and test three separate technologies currently at
TRL 4 needed to create the BFB ( BLEVE nozzle, controls and sensors), and integrate these
technologies to create a complete full-scale BFB system capable of retrofitting into an existing heating
unit, at TRL 7 or higher.

Methodology: The two main components of the blue flame burner system consist of the computerized
controller and the BLEVE nozzle assembly. The BLEVE nozzle assembly is made up of the following
components: solenoid valve with a built in BLEVE chamber, induction coil heater, and temperature
sensor. There is an oxygen sensor and CO sensor that mount remotely to provide combustion data to
the controller. An electronically controlled air valve will be installed in the combustion intake so the
controller can manage combustion air for efficient fuel burn. The controller also connects to existing
sensors and equipment.

Alaskan Burner R&D has produced the initial research, analysis, specifications and designs of
the various components of the Blue Flame Burner system and has experimented with various types of
materials for the nozzle and burner assembly. Test models of the various components are ready to be
constructed and tested. Each component will go through a three-phase process of construction and
testing to refine the design to its final version by the end of the third phase. After the design and
function test of each component has been finalized, a complete Blue Flame Burner prototype will be
assembled and demonstrated. Data will be collected during this process and consist of operating
temperatures, emissions, fuel consumption, sensor accuracy, controller responsiveness to changes,
and burner response to the controller.

William Manning is the Project Manager for the Blue Flame Burner project. He will oversee and
organize the work as the project moves forward. Qualified specialists will be brought on board as
required for fabrication and testing. Any equipment required in the process will be provided by the
specialists, rented or purchased. At each step in the process each person will document all findings,
changes, and observations for their portion of the project.

Summary of Project Schedule and Project Budget

Round 1 Testing Round 2 Testing Round 3 Testing | Final
Q1 Q2 Q3 Q4 Q5 Q6 | o7
Controller 10,000 10,000 20,000 20,000 20,000 20,000 10,000
Prototype BLEVE Nozzle
Chamber Assembly 25,000 25,000 25,000 25,000 35,000 55,000 45,000
Design & Report 5,000 4,000 4,000
Management 6,000 6,000 6,000 6,000 6,000 6,000 6,000
Total Grant 46,000 41,000 51,000 55,000 61,000 81,000 65,000
In-Kind Match:
Mgmt.-AB 6,000 6,000 6,000 6,000 6,000 6,000 6,000
Facilities lease 2,160 2,160 2,160 2,160 2,160 2,160 2,160
Biz Plan 2,000 2,000 2,000 2,000 2,000

Total In-Kind 10,160 8,160 8,160 10,160 10,160 10,160 10,160



Summary of Project Go/No-Go

Phase | TRL | Milestones Deliverables Go/No-Go Decision points
1 5 Final design Initial parameters analysis | SOLIDWORKS and Finite
completed analysis report
1 5 BLEVE design SOLIDWORKS and Finite | Design analysis reports
validation Element analysis of
BLEVE nozzle design
1 5 Research plan Effective designs created | Approval for fabrication
finalized
1 4 design computerized | Electronic design Technical design review
controller parameters identified completed
1 5 Burner Systems Burner design Mechanical shop preparations
Integration specifications
1 5 Required Reporting | Report prepared for AEA
Completed
2 5 Burner output Standard design detailed report of standard burner
measurements comparisons operations and temperatures
2 6 BLEVE nozzle Design comparisons Detailed report of BLEVE burner
burner operations against Standard model operations and temperatures
2 6 Burner integration Performance evaluation Detailed analysis of efficiency
with appliances reports
2 6 Blue Flame analysis | Detailed analysis of Blue Detailed analysis of efficiency
Flame efficiency, reports
temperatures an
emissions
2 6 Nozzle design Performance evaluation, Specifications and analysis
modeling structural integrity and reported in SOLIDWORKS and
refinement Finite Element
2 6 Computerized Systems design Design performance evaluation,
controller integration with required Detailed analysis of efficiency
safety features and reports
sensors, programming
evaluation of performance
with in defined parameters
2 6 Gas sensors Integration of inputs to Systems comparative
controller able to adjust performance efficiency analysis of
and maintain flame quality | design integrations report
6 Required Reporting | Reports prepared for AEA
Completed
3 7 Field Testing Installation for long term Field analysis will be reported and
deployment and analysis. | independently confirmed
A certified Boiler Inspector
will advise and supervise
3 7 Integration of burner | Long term feasibility Performance analysis for

performance and data
collection

commercialization and reporting




3 7 Commercialization Industrial Representatives | Analysis of Commercialization
will be invited for a and Presentation
performance review and
demonstration

3 7 Project finalization Final Project design Final Data collection and analysis
analysis and systems reporting leading to
performance Commercialization

Facility

Alaskan Burner R&D has a 576 square foot facility in North Pole, Alaska that provides office and work
space for the Blue Flame Burner project. The facility has sufficient space for the administration and
implementation of the project. It is close to UAF and provides ready access to UAF faculty and
students working on the project. Shiva Hullavarad may choose to conduct some or all of the testing in
UAF facilities. Winter temperatures in North Pole are frequently in the -30°F to -50°F range making it
an ideal place to research and test heating products and their efficiency.

Project Team Qualifications

William Manning — Responsibilities: Lead researcher, design, and technical writing — Qualifications:
AAS Degrees in Industrial Engineering, Electronics, and Telecommunications from lowa Central
Community College. 40 years on the job experience with heating systems, electrical and plumbing.

James Manning — Responsibilities: Research, Program Engineering - Qualifications: BS degrees in
Computer Science and Geology, Minor in Mathematics. 20+ years on the job experience with IT,
computer software design, programming, and system administration.

Shiva Hullavarad, Ph.D., Assistant Professor, Advanced Materials Group, INE — UAF, Technology
Validation and Research. Presently heads Microelectronics and Photonics DARPA funded program at
AMG, UAF. As a UAF partner for the technology, he will be responsible for ensuring valid scientific and
other technology validation and research activities; Ph. 907-455-2017 Email: shiva.h@alaska.edu

Gregory Shipman, Manager, Engineering Design & Development at the Geophysical Institute at
University of Alaska Fairbanks will be the Principal Fabrication Engineer for testing and research of the
BLEVE Nozzle performance. He will oversee fabrication and testing development of each of the three
technologies (BLEVE chamber, nozzle, and controller), and integrate these technologies to create the
BFB system prototype.

Discussion of Commercialization of Funded Technology

The BFB system will be at a Technology Readiness Level 8 upon completion of the project. It will be
patented, and licensed to national and international appliance manufacturers for installation in new
appliances. The retrofit market licensing will be handled separately, and terms will require the
manufacturer of the BFB system to offer the retrofit to distributors who operate in Alaska. The
manufacturer who secures licensing rights will conduct the final engineering, design for manufacturing
& assembly, and regulatory compliance within their corporate framework. Licensed Patent Attorneys
will assist AB in the preparation of the business plan, partner search, and in licensing activities. Final
manufacturing and regulatory steps can be accomplished within one year by any established Burner
company, which gives the project a high likelihood of commercialization within five years.
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