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Legal Notice 

This information was prepared by Gas Technology Institute (“GTI”) for Utilization Technology 
Development NFP (“UTD”). 

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of 
them: 

a.  Makes any warranty or representation, express or implied with respect to the accuracy, 
completeness, or usefulness of the information contained in this report, or that the use of any 
information, apparatus, method, or process disclosed in this report may not infringe privately-
owned rights.  Inasmuch as this project is experimental in nature, the technical information, 
results, or conclusions cannot be predicted.  Conclusions and analysis of results by GTI 
represent GTI's opinion based on inferences from measurements and empirical relationships, 
which inferences and assumptions are not infallible, and with respect to which competent 
specialists may differ. 

b.  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. 

c. The results within this report relate only to the items tested. 
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Executive Summary 

The objective of this project is the evaluation a novel 
European sheet metal burner design from Sermeta based 
in Marlaix, France. Sermeta has been marketing and 
suppling this burner as the reference burner to 
complement their heat exchanger technology which are 
supplied to boiler manufacturers in Europe, Asia, and the 
United States. The technology is being marketed as the 
BLUEJET® burner and features a three-dimensional 
surface fabricated from a single layer of sheet metal. The 
formed raised features in the sheet metal reportedly 
provide a slight elevation of the flame above the service. 
The result of this elevation has been described as allowing 
improved flame stability, very high turndown ratios, and 
performance at low and high firing rates. Figure 1 shows 
the operation of the burner in the GTI burner development 
laboratory. The goal is to substantiate these performance 
claims in the current US Boiler product and to identify 
possible paths to drive the emissions below 5 ppm across 
the operating range. 
 
The burner tested during this project is currently being utilized for high efficiency small boilers, 
the technology may have other larger industrial/commercial applications if scaled in capacity. 
The primary target most likely would be small diameter combustion chambers applications.  
 
To complete the evaluation of this burner technology GTI completed the following tasks: 
 

 Procured a US Boiler K2 model condensing boiler utilizing the Sermeta BLUEJET® 
burner 

 Build a test cell for operating of the boiler and performance testing of the burner 
 Completed testing characterizing the burner performance compared to the Sermeta an US 

Boiler product stated burner attributes 
 Completed burner operation with increase excess air and flue gas for evaluation of NOx 

reduction.  
   
The results of the evaluation completed substantiated the performance claims of this burner 
technology, and can support enhancements to utility energy efficiency and emission-reduction 
programs. The burner demonstrated a high modulation ratio with outstanding flame retention 
performance. Testing confirmed that a 40:1 modulation ratio operation of this burner design is 
possible. The burner emissions compared favorably to the current low NOx emission surface 
combustion burner technology commercially available, but above those provided by US Boiler 
during initial discussions. GTI conducted the testing with the boiler operating at a heating load 
simulating actual operation in a typical heating application. The measured NOx emission would 
be lower during test condition in which the inlet water to unit is kept well below the condensing 
range of the equipment which is typically used in standard efficiency rating testing.  

Figure 1. BLUEJET® Burner 
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The project also evaluated two possible paths to drive the NOx emissions below 5 ppm across 
the operating range. These paths were to increase the excess air to the burner and adding flue gas 
recirculation. The test results indicate that both methods are effective in reduction of the NOx 
emissions. Increasing the excess air above 8% oxygen was able to achieve the project goal of 
below 5 ppm. The external flue gas recirculation approach also provided effective NOx reduction 
and at the highest rate tested of 25% came close to matching the 5 ppm NOx objective.  
 
The GTI experience in working with the Sermeta burner and heat exchanger technology, which 
are both utilized in the US Boiler K2 used on this project has overall been positive. Both have 
provided performance as indicated in both the information from Sermeta and US Boiler. During 
this project the burner and heat exchanger technology has been scaled up by Sermeta and is 
being marketed as NHEXT® (New Heat EXchanger Technology). The target for this technology 
is industrial heating and hot water applications with outputs up to six million btu. The heat 
exchanger is configured to allow a four-pass recovery from the flue gas with reported maximum 
thermal efficiency of 97.5% across the operating range. In addition, the design allows for 
significant size and weight reduction compared to other condensing technologies at this output 
size range. Bluejet® burner is used in this design with a rated modulation ratio of 30 to 1 which, 
depending on the application could result in reduction numbers of ignition cycles required for 
variable demand applications.  
 
The project results present a solid basis for continuation of this work in a field deployment and 
demostration with the scaled-up version of the technology. Given the high performance of the 
technology and the straightforward, low-cost design, it would be able to offer a very competitive 
product to the industrial market, ultimately driving broad deployment resulting in increased 
operating efficiency with lower emissions to the end user. It is the recommendation of this report 
that this technology move towards field industrial application demostration. There will be several 
issues that will need to be overcome. The main issue would be that Sermeta is presently only 
supplier of the heat exchanger technology to boiler manufacturers. Until the NHEXT® 
technology is utilized by a domestic boiler manufacture obtaining a boiler for a demostration 
may present a challenge moving field demostration forward quickly. GTI is currently engaged 
with Sermeta and has proposed development of field demostration in the North American market 
of the NHEXT® technology in an industrial or large commercial application.    
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Introduction 

The development of surface combustion gas burners has taken the form of two widespread types. 
The first type includes a combustion grid fabricated from a metal or ceramic sheet perforated 
with small holes of varying size. Typically, these designs produce only a 3:1 modulation ratio. 
The second burner type adds a metal fiber mat to the perforated metal sheet as a flame holder 
(for increased modulation performance) and a thermal insulator (to reduce the temperature of the 
metal sheet support). The use of the metal fiber mat results in modulation ratios in the range of 
5:1, with up to 10:1 achievable. The addition of the metal fiber layer increases the cost of the 
burner significantly and requires periodic replacement due to degradation over time. In this 
project, a novel European sheet metal surface combustion burner was evaluated. The 
manufacturer claims that the burner is: 
 

 Lower cost, less than current metal fiber burner designs 
 Has a high modulation ratio (40:1) with high flame-retention performance while 

maintaining the flame above the burner surface for increased burner lifetime, and 
 Provides a reduction in emissions (up to 50%) compared to currently widespread 

employed surface combustion burner technology. 
 
Effective use of low-cost formed sheet metal components without the additional aid of metal 
fiber coating could provide a path for high performance lower-cost burner designs with improved 
lifetimes. 

Motivation and Background     

Advanced low-cost burner designs are essential for the continued development of a wide range 
of commercial and industrial gas fired equipment for applications such as fluid or material 
heating. The use of low cost formed sheet metal components without the additional aid of metal 
fiber coating could provide a path for lower cost burner designs with improved lifetimes before 
replacement. 
  
High-performance, low-cost burners are a key component of next-generation, natural gas-fired 
equipment both in the commercial and industrial marketplace. The market continues to demand 
increased efficiency and lower emission targets into the foreseeable future. In order to meet these 
expectations along with the goal to enable increased use of natural gas through efficient 
utilization of energy delivered to the end user requires development of low-cost burner designs 
with increasing output modulation capabilities. 
  
Increases to the output modulation of available burner technology will improve efficiencies by: 
  

 Enabling a wider burner operating range to better follow actual heating load  
 Reduce cycling through burner shutdown and restart, thus eliminating reheating losses  
 Allow use of advanced control technology (e.g. auto-adaptive controls)  
 Enable continued progress in design of new gas fired equipment with improved energy 

efficiency and performance.  
 
 



 

UTD Project 2.18.C Sheet Metal Surface Burner Evaluation   
Public Final Report Page 4 

Development and use of higher turndown natural gas-fired burner designs provides a path for 
increased development of efficient and higher performance natural gas equipment. Utilization of 
advanced burner controls coupled to high turndown burners provide improved load matching 
resulting in increased efficiency and reduced emissions. In order to maximize the benefit of 
advance control technology burners with increased modulation rates compared to those currently 
available, lower cost burner designs are needed. Performance improvements will provide end 
users with more choices of efficient products. 

Approach          

During this project the performance claims were validated of this surface burner technology 
through design and develop a test cell for evaluation and verification of actual operating 
performance. This was accomplished by procurement of a production model of a US Boiler K2 
model water tube boiler utilizing the Sermeta designed BLUEJET® burner. GTI designed and 
develop a test cell utilizing this boiler without and with modifications to the operation of the 
boiler evaluation and verification of burner operating performance. 
 
GTI developed and implement a test plan to accurately assess the burner performance including 
evaluation of the modulation ratio, sheet metal temperature, and emissions. During testing GTI 
first validated initial burner performance in the US Boiler product and emissions at high, 
medium and low firing rates, and then identify and test possible paths to drive the emissions 
below 5 ppm across the operating range. 
 
To complete this evaluation GTI planned the following tasks: 
 

 Procured a US Boiler K2 model condensing boiler utilizing the Sermeta BLUEJET® 
burner 

 Build a test cell for operating of the boiler and performance testing of the burner 
 Completed testing characterizing the burner performance compared to the Sermeta an US 

Boiler product stated burner attributes 
 Completed burner operation with increase excess air and flue gas recirculation for 

evaluation of NOx reduction.  
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Objective 

This project evaluated a novel European technology for a sheet metal surface combustion burner 
design undergoing introduction to the commercial condensing boiler markets in the United 
States. The burner technology which is the object of this project is the BLUEJET® burner by 
Sermeta of France. This burner technology, which claims up to a 40:1 modulation rate and with a 
three-dimensional surface for improvement of the flame stability and performance. These raised 
surface features are claimed to provide the improved burner performance with a benefit of a 
reduction in emissions of NOx and reduced metal surface temperature by a slight elevation of the 
flame above the burner surface. The objective of this laboratory evaluation is to substantiate 
these performance claims of this surface burner technology in the current US Boiler product and 
to also identify and test possible paths to drive the emissions below 5 ppm across the operating 
range. 

Project Goals  

Upon completion of this laboratory evaluation and testing, the objective will be to engage US 
Boiler and/or Sermeta to collaborate with UTD in subsequent product-focused development and 
technology demonstrations of the technology within the industrial and large commercial 
application market. A burner that can provide a high modulation ratio with flame stability and 
performance can provide the versatility necessary for increases to equipment operational 
efficiency. While the burner as designed and tested under this project is being utilized for small 
high efficiency boiler applications it would also have multiple other applications once scaled up 
to larger firing rates, the primary target would most likely be small diameter combustion 
chambers applications. 
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Laboratory Burner Performance Evaluation 

GTI designed and constructed a functional boiler test cell and installed it in the GTI Boiler 
Laboratory. This test cell provided the necessary utilities and heat load control for operation of 
the US Boiler K2 boiler used on this project for evaluation of the burner performance. The 
piping configuration of this test cell and support utilities is presented in Figure 2 and the 
completed test cells as installed in the GTI Boiler Laboratory is shown in Figure 3. This test cell 
was the primary test configuration utilized for both baseline performance evaluation and 
identification and testing of possible paths to drive the emissions below 5 ppm across the 
operating range of the burner design. 

 

 
Figure 2. Laboratory Test Set Up 
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Figure 3. Laboratory Test Cell 

 

Direct Measured Values 

In order to quantify the performance of the burner relative to the project objectives, multiple 
direct measurements needed to be made. These direct measurements were used, if required to 
calculate the other values of interest and reported in the results section of this report.   

Direct measurements of the following parameters obtained using standard GTI laboratory 
instrumentation: 

 NOx Concentration (dry)  

 CO Concentration (dry) 

 CO2 Concentration (dry) 

 O2 Concentration (dry) 

 Fuel Flow Rate  

 Flue Sample Temperature  

 Burner Sheet Metal Temperature(s)  
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The burner flue gas composition measurements for this project were made according to the 
standard industrial methodologies by a Horiba PG-250 portable emission analyzer. In general, 
the gas sampling methodology adhered to the following practices. 

• Flue gas sampling location sufficiently close to burner or boiler flue outlet 

• Moisture removed from flue gas sample as recommended by the instrument manufacturer 

• Calibrated gas analysis equipment, with calibration gases of appropriate range and accuracy 

The fuel flow rate measurements were acquired at the inlet of the either the bench mounted 
burner through a Brooks 5850E mass flow meter or at the inlet of the US Boiler product through 
an American Meter AC-250 diaphragm gas meter.  

The flue gas temperature and burner sheet metal temperature(s) were measured using standard 
Type K thermocouples. The flue temperature measured and reported were made at the same 
location as the flue gas sample measurement. 

To facilitate evaluation of the burner performance, the measured data was be used to calculate 
meaningful variables of interest as indicated in the calculated values section of this report. 

Calculated Values 

NOx 

The dry direct NOx concentration measurement and dry direct O2 concentration measurement 
will be used to calculate the dry NOx concentration on a 3% O2 basis using the following 
equation. 

  𝐍𝐎𝐱 𝐚𝐭 𝟑% 𝐎𝟐 𝑵𝑶𝒙 𝒓𝒂𝒘
𝟐𝟎. 𝟗 𝟑

𝟐𝟎. 𝟗 𝐎𝟐 𝐫𝐚𝐰
 (1) 

CO 

The dry direct CO concentration measurement and dry direct O2 concentration measurement will 
be used to calculate the dry CO concentration on a 3% O2 basis using the following equation. 

  𝐂𝐎 𝐚𝐭 𝟑% 𝐎𝟐 𝑪𝑶 𝒓𝒂𝒘
𝟐𝟎. 𝟗 𝟑

𝟐𝟎. 𝟗 𝐎𝟐 𝐫𝐚𝐰
 (2) 

O2 

The raw measurement of the dry O2 concentration directly correlates to the excess O2 level.  No 
calculation is required. 

Turndown 

The turndown of the system will be characterized by evaluating the flow rate of natural gas to the 
burner at high and low fires. The turndown will be calculated as the ratio of the gas flow rate 
measured at high fire divided by the gas flow rate measured at low fire. 
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Flue Gas Recycle Rate 

The flue gas recycle rate will be calculated as the volume percentage of flue gases in the 
combustion air/flue gas going to the burner at each firing rate. 

Assumptions/Constrains 

1. Baseline emission testing performance evaluation was limited to within the rated capacity 
of the available in the US Boiler K2 Boiler product. 

2. Bench testing of the burner test configuration was limited to within the capacities of the 
gas mixing instrumentation and safe venting of exhaust gases. This testing was primarily 
to allow visual observation of the burner flame and evaluation of firing rates below those 
available in the US Boiler K2 Boiler operation. 

Baseline Performance Testing 

An initial baseline evaluation of the burner performance was conducted to determine the typical 
operating burner performance in the commercially produced boiler product. The boiler was 
operated across the designed firing rates by manual adjustment of the heat load while emissions 
and other key operating parameters were measured and recorded. Each firing rate was held for a 
minimum of fifteen minutes after reaching steady state temperature conditions. The average 
burner combustion measurements at each firing rate are presented in Table 1. The results showed 
that the during this testing the burner was operating between 4 to 5% excess oxygen across the 
operating range of the boiler. The highest NOx emission levels are experienced at the middle of 
the firing range, which correspond to the lower excess oxygen feed to the burner in this range. 
GTI did not adjust the fuel/air controls as they met the manufactures recommend adjustment 
targets at high and low firing rates prior to testing. Measurement obtained of the burner surface 
temperatures are presented in Figure 3.         

 

Table 1. Baseline Summary 

Baseline Testing Summary 

Firing Rate Emissions (dry) Temperature Emissions (dry) Corr 3% O2 

Nat Gas Hin NOx CO CO2 O2 Vent Inlet NOx CO CO2 

(scfm) (btu/hr) (vppm) (vppm) (%) (%) (F) (F) (vppm) (vppm) (%) 

0.34 21,459 9.5 0 9.1 4.76 167.7 78.4 10.6 0 10.1 

0.55 34,453 11.6 0 8.8 5.32 168.0 79.2 13.3 0 10.1 

1.34 84,587 38.1 42.1 9.5 4.05 139.2 79.6 40.5 44.8 10.1 

1.93 121,275 28.6 77.7 9.3 4.29 139.3 80.5 30.8 83.8 10.0 

2.68 169,145 24.4 123.0 9.1 4.55 134.5 81.2 26.5 133.3 10.0 
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Figure 4. Burner Surface Temperature 

 

To permit improved visual observation and testing 
of flow rates below those allowed by the operation 
in the US Boiler product a burner assembly was 
also installed the small GTI burner development 
area. This test area provides more flexible fuel and 
air metering instrumentation and control for 
limited firing rates of burners on an open test 
bench. The advantage to this approach it allows for 
improved visual observation of the burner 
operation at very low firing rates without 
containment within a combustion chamber of a 
heat exchanger. A quartz tube is installed around 
the burner and is used to restrict the burner from 
surrounding air during testing. The test bench is 
covered with a ventilation hood for handing the 
burner flue gases for safe operation of the open 
burner and is typically used by GTI for 
development of in-house prototype burner design 
and development activities. Figure 5 presents the 
burner assembly used during evaluation during this 
project being operated on the open test bench. 
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Figure 5. Burner Bench Testing 
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The main objective of testing in the burner development area was the ability of operate the 
burner at flow rates lower than the K2 boiler controls would allow to quantify the minimum 
stable flame firing rate that could be achieved with this burner. The burner assembly was 
operated at flow rates varying from 4.4 kbtu/hr to 17.8 kbtu/hr representing 9.7:1 to 40.9:1 
modulation ratio based upon the rated maximum burner output of 180 kbtu/hr of the K2 boiler. 
During testing the burner was operated surrounded by a six-inch diameter quartz tube act as a 
combustion chamber air boundary for the burner. A stable flame was observed throughout testing 
during operation at the low flowrates. Figure 6 shows the burner operating at the 4.4 kbtu/hr 
firing rate and represents the lowest stable combustion rate produced during this project. 
 
 

 
Figure 6. Lowest Burner Firing Rate 
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Paths to Lower NOx Emissions 

The formation of NOx during combustion of fuels and oxidants containing nitrogen and oxygen 
is of increasing environmental concern and due to increasing stringent governmental regulation. 
Several variables influence the formation of NOx during the combustion process including: 
 

 Flame temperature 
 Air temperature 
 Operating temperature 
 Chemical reactions and rates within the flame 

 
Of these variables the flame temperature has the most influence in the rate of NOx formation. 
The air and equipment operating temperature are also related to the flame temperature and as a 
result also can have an influence on NOx formation. There are a range of general approaches that 
have been identified currently for reduction of NOx formation during the combustion process: 
 

 Burner design, such as staged combustion to reduce flame temperature 
 Adjustment of the excess air 
 Flue gas recirculation 
 Chemical additives (ammonia) 
 Catalytic reduction 

 
The first three approaches address prevention of NOx formation by reduction of flame 
temperature. The last two approaches listed above are a post-combustion approaches which 
allows the NOx to form then breaks the NOx emissions into other constituents in the flue gases 
before they are exhausted. These are normally utilized to larger utility sized equipment because 
of the system complexity and operating requirements.  
 
The burner used for this project is a simple single sheet metal design. As such modification of 
the burner design to include a staged combustion approach could not be accomplished within the 
scope of this project. This left two approaches to NOx reduction for evaluation, adjustment of 
excess air and flue gas recirculation. Both approaches for NOx control have some practical 
limitations which would have to be carefully balanced to consider them as a desirable solution. 
Both work by suppression of the flame temperature which has a negative impact on thermal 
transfer performance of the system and thus will reduce efficiency.    

Excess Air Testing 

The initial “baseline” evaluation of the burner performance was conducted first to determine the 
typical operating burner performance in the commercially produced US Boiler K2 product. The 
boiler tested is based upon use of the Sermeta BLUEJET® burner and an Isothermic® model 
heat exchanger. This heat exchanger is based on Sermeta’s hydroformed tube technology which 
is shown in Figure 7. The burner is supplied by an air-gas-ratio control assembly from epm-papst 
which combines the air blower, gas valve, and ratio control in one assembly. This unit as limited 
adjustment for controlling the excess air that would be needed for our testing purposes. 
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Figure 7. Sermeta Isothermic Heat Exchanger 

 
To provide the necessary regulation of the combustion gas composition being supplied the 
burner for testing the burner performance for both, excess air and flue gas recycle it was 
determined that modification to the boiler was necessary. The burner assembly was removed 
from the boiler and a supplemental gas supply tube was welded into the manifold supply to the 
burner. A picture of the tube is shown in Figure 8. During testing metered air was supplied 
through this tube to achieve the desired excess air flow to the burner.  
 
 

 
Figure 8. Supplemental Supply Tube 
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The boiler was operated at multiple excess oxygen rates and firing rates by adjustment of the 
heat load with additional metered air flow through the supplemental supply tube while emissions 
and other key operating parameters were measured and recorded. Each firing rate was held for 
fifteen minutes after reaching steady state temperature conditions. The summary of the average 
NOx measurements at each firing rate and excess oxygen test point are presented in the Figure 9. 
The results show that the during this testing the burner produced the highest NOx emission levels 
at the middle of the firing range, a similar pattern was found during baseline testing. As can be 
observed operation of the burner at 8% excess oxygen would be required to meet the project goal 
of NOx emission below 5 ppm across the burner operating range. This would result in a 2.5% 
reduction in efficiency due to the reduced flame temperatures and increased air flow through the 
burner.     

 
Figure 9. NOx Emissions with Excess Air 

 

Flue Gas Recirculation Testing 

The most direct method for implementation of flue gas recirculation is to draw the flue gases out 
of the flue exhaust duct and blend them with the combustion gases supplying the burner. This 
technique is common and has been applied in the past to burners without further modifications. 
Although this method has practical advantages if also has a drawback of a reduction in burner 
capacity due to the increased flow rates involved. Since our test boiler was a condensing type the 
flue gas temperatures were low enough that a high temperature blower was not needed. The 
modifications to the boiler were limited the additional manifold supply tube was utilized during 
the excess air testing along with a small vortex blower controlled by a variable motor drive 
which was connected to the exhaust stack. A picture of the test set up used for testing is 
presented in Figure 10. 
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Figure 10. Flue Gas Recycle Test Set-Up 

 
The boiler was operated at multiple flue gas recycle rates by adjustment of the blower speed 
through the blower variable speed control. The emissions and other key operating parameters 
were measured and recorded. Each firing rate and flue recycle rate was held for a minimum of 
fifteen minutes after reaching steady state temperature conditions. The summary of the average 
NOx measurements at each firing rate and flue recycle rate test point are presented in the Figure 
11. The results show that the recirculation of the flue gas was quite effective in the reduction of 
NOx emission levels even at the lowest recycle rate. As can be observed even operation at the 
highest recycle rate the burner tolerated would come close but not meet the project goal of NOx 
emission below 5 ppm across the burner operating range. There is not currently an accepted 
standard for calculation of percentage of flue gas recycle rate. The percentage of total flue gas 
that is routed back to the burner is used sometimes. For this testing conducted, GTI used the 
percentage of flue gases in the combustion air/flue gas going to the burner. This approach was 
used as the flue gas injected into the supplied combustion air by the fuel-air controller through 
the supplemental supply tube could be measured directly.  
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Figure 11. NOx Emission with Flue Gas Recycle 
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Summary of Results 

The results of the laboratory testing substantiated the majority of the performance claims of this 
burner technology. Through the testing conducted the burner demonstrated a high modulation 
ratio with outstanding flame stability and retention performance. Testing confirmed that a 40:1 
modulation operation of this burner design is possible. Burner emissions during testing compared 
favorably to the current low NOx emission surface combustion burner technology commercially 
available, but above those provided by US Boiler during initial verbal discussions. GTI 
conducted the testing with the boiler operating a heating load simulating operation in a typical 
heating application. One could expect that the measured NOx emission would be lower 
depending on the temperature of the heat exchanger surrounding the burner which would aid in 
lower the flame temperature. This would be expected for typical testing conditions for testing 
condensing heating equipment in which the inlet water to unit is kept well within the condensing 
range of the equipment.  
 
Two approaches were identified and implemented during testing for possible paths to drive the 
NOx emissions below 5 ppm across the operating range. These approaches were the adjustment 
of excess air and flue gas recirculation. The results indicate that both methods are effective in 
reduction of the NOx emissions during operation of this burner. Increasing the excess air was 
able to achieve the project goal of below 5 ppm if increased to 8% oxygen, which is 
approximately double the baseline operating value. The external flue gas recirculation approach 
also provided effective NOx reduction and at the highest rate tested of 25% came close to 
matching the 5 ppm NOx objective. A summary of test data is presented in Figure 12 which 
shows the average NOx emission across the burner firing range for each operating mode tested.  
 

 
Figure 12. Summary of NOx Emissions 
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Target Market Assessment 

The burner’s manufacturer Sermeta was started in 1993 by Joseph Le Mer based upon its 
development of simple hydroformed stainless steel heat exchangers for condensing boilers. 
Sermeta has since progressed to size to supplying over two million heat exchangers each year 
boiler manufactures throughout Europe, Asia, and the United States. The Bluejet® burner was 
developed as the reference burner for use on Sermeta heat exchangers due to its modulation 
capacity and flame retention performance. 
 
Currently Sermeta appears to be attempting to enter the industrial hot water market utilizing a 
scaled-up version of both the burner and the heat exchanger technology it has developed over the 
years. This new industrial scale offering is called NHEXT® (New Heat EXchanger Technology). 
The target for this technology is industrial heating and hot water applications with outputs up to 
six million btu. The heat exchanger is configured to allow a four-pass recovery from the flue gas 
with a maximum of 97.5% thermal efficiency across the operating range. The heat exchanger 
design allows for size and weight reduction compared to other condensing technologies at this 
output size range. Bluejet® burner is used in this design to provide turn down ratio of 30 to 1 
which results in large reduction numbers of ignition cycles. A summary of this new product line 
is presented in Figure 13. 
 
 

 
Figure 13. NHEXT Heat Exchangers 

 
The small size and weight of these heat exchangers combined with the high thermal efficiency 
across its operating range should make them alternative to be considered for many industrial or 
large commercial applications.  
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The need for increased energy efficiency and greenhouse gas emissions reduction in industrial 
and commercial sectors will positively influence the market. Natural gas equipment that can 
meet increased regulatory constraints and still meet a diverse range of needs will be of the most 
value to end users in the future. The introduction of more rigorous regulatory reforms toward the 
minimization of greenhouse gas emissions will accelerate the drive for larger packaged 
condensing boiler in the industrial and commercial markets. The gas fired commercial boiler 
market alone is projected to grow over 3% by 2024. The lower operation cost of gas fired 
equipment, combined with lower emissions and increased efficiency will propel the product 
adoption. 
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Conclusions and Recommendations 

This evaluation of this burner technology demonstrated that it may be operated successfully with 
up to 40:1 turndown ratio, validating the high modulation ratio with outstanding flame retention 
performance, and supporting potential enhancements to utility energy efficiency and emission-
reduction programs. Emissions from burner operation during testing compared favorably to the 
current low NOx surface combustion burner technology commercially in use today. The burner 
as currently designed responded well when operated utilizing common methods of NOx 
reduction and was able to provide stable combustion through the testing conducted. Both these 
methods involve substantial increases in combustion gas flow rates through the burner. The 
burner was able to achieve the project goal of below 5 ppm NOx if excess oxygen is to 8% and 
came near to the goal with a flue gas recycle rate of 25%. The impact of this reduction in NOx 
utilizing either method though would present a slight negative impact efficiency due to the 
increased oxidant flow rates and lower flame temperatures.  
 
The burner is based upon a unique design that feature a combustion grate consisting of a single 
piece metal sheet comprising a series of perforated holes and shielded slots protruding on the 
surface. It is this pattern formed of holes and slots that allow the burner to operate at very high 
firing rates without separation of the flame, and conversely at very low firing rates without 
flashback by elevation the flame above the surface of the burner. Figure 14 is an illustration 
showing the approach utilized by the burner in principle for holding the flame on the surface of 
the burner surface, and Figure 15 is a photograph of the burner showing the fabricated sheet 
metal surface projection features. 

 
Figure 14. Cross Section of Burner Surface 

 
 

 
Figure 15. Burner Combustion Surface 
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Over the course of this project GTI has been able to become familiar with the basic Sermeta 
burner and heat exchanger technology, which are both utilized in the US Boiler K2 used on this 
project. These have worked very well together during our testing and were able to provide 
performance as indicated in the information published by Sermeta and US Boiler. The results of 
this project provide a firm technical support and a solid basis for continuation of this evaluation 
of this technology in a field deployment and demostration on a larger scale. During this project, 
as summarized in the Target Market Assessment section of this report, the burner and heat 
exchanger technology has been scaled up by Sermeta significantly for use in industrial hot water 
and heating applications. It is the recommendation of this report that evaluation of this 
technology be continued through an industrial application field demostration. Given the high 
performance of the technology and the straightforward, low-cost design, Sermeta should be able 
to offer a very competitive product to the industrial and large commerical market, ultimately 
driving broad deployment resulting in increased operating efficiency with lower emissions to the 
end user.        
 
There will be several issues that will need to be overcome to putting together a field 
demostration of this technology. The main question would be that Sermeta is presently only 
supplier of the heat exchanger technology to boiler manufacturers. Until the NHEXT® 
technology is utilized by a domestic boiler manufacturer obtaining a boiler for a demostration 
may present a challenge to moving a field demostration forward quickly. GTI is currently 
engaged with Sermeta and has proposed development of laboratory evaluation progressing to 
field demostration in the North American market of the NHEXT® technology in an industrial or 
large commercial application. 
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