
combustion process, these vaporizers are consistently offered as a reliable DQG�HFRQRPLFDO�RSWLRQ�LQ�D�ZLGH�UDQJH�RI�SURFHVV�ÁRZ�UDWH�FDSDFLWLHV��

As with any winning strategy, continuous improvement and innovation 
are vital components to success in the future. Cryoquip strives to never 
let past success give pause to the steady course of progress. As such, we 
FRQVLVWHQWO\� ORRN�IRU�SRWHQWLDO�HQKDQFHPHQWV�WKDW�FDQ�EH�PDGH�WR�EHQHÀW�
both the customer and the industry. One particular area of interest that 
comes to light when discussing natural gas combustion is emissions levels, 
and the ever-changing landscape of federal and state air quality standards. 
Although natural gas is already known to be the cleanest burning of all 
the fossil fuels, as evidenced in the Environmental Protection Agency’s 
data comparisons in Figure 2, it is still clear that the combustion process 
produces trace amounts of pollutants in the exhaust gases that, in large 
concentrations, are known to be harmful to humans and the environment. 

Fossil Fuel Emission Levels 
Pounds per Billion Btu of Energy Input

Pollutant Natural Gas Oil Coal
Carbon Dioxide 117,000 164,000 208,000
Carbon Monoxide 40 33 208
Nitrogen Oxides 92 448 457
Sulfur Dioxide 1 1,122 2,591
Particulates 7 84 2,744
Mercury 0.000 0.007 0.016

Reduction of carbon dioxide emissions is always a chief concern from 
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gas combustion, due to the fact that the characteristically low nitrogen 
FRQWHQW�RI�QDWXUDO�JDV��12[�IRUPDWLRQ�IURP�IXHO�12[�LV�LQVLJQLÀFDQW�

So, why worry about reducing NOx emissions when most are concerned 
with eliminating greenhouse gases, in the form of CO2 emissions? There 
DUH� VHYHUDO� DQVZHUV� WR� WKDW� TXHVWLRQ�� 7KH� ÀUVW� LV� DQ� LVVXH�ZH� DUH� DOO� WRR�
IDPLOLDU� ZLWK�� EHLQJ� ORFDWHG� LQ� 6RXWKHUQ� &DOLIRUQLD�� 6PRJ�� 6SHFLÀFDOO\��
photochemical smog, a major component of which is NO2. The majority 
of  NOx produced during combustion (approximately 95 percent) is in the 
form of NO. Once emitted into the atmosphere, however, NO is rapidly 
and continuously oxidized to form NO2. Where high concentrations of 

this compound and certain other volatile organic compounds (VOCs) 
accumulate and react in the presence of sunlight, photochemical smog 
is formed. NO2 molecules themselves, in high concentrations, have been 
found to cause damage to sensitive lung tissue in senior citizens, children, 
and those with preexisting heart and lung conditions.

Another major component of photochemical smog is tropospheric ozone, 
which is also produced as a byproduct of NOx emissions. Tropospheric 
ozone is ozone (O3) which is formed and concentrated near ground level, 
when sunlight causes an NO2 molecule to react with a VOC molecule to 
produce NO and ozone. The NO molecule then reacts with free radicals 
in the atmosphere to produce a new NO2 molecule. In this way, each 
molecule of NO can produce ozone multiple times. This process repeats 
until the VOC molecules are reduced to short chains of carbon compounds 
that cease to be photo reactive. A VOC molecule can usually support this 

process about 5 times. Ozone is exceedingly dangerous, because it reacts 
strongly to destroy or alter many biological molecules, and can reduce 
forest growth and crop yields in high concentrations. In humans, ozone can 
reduce lung capacity and worsen pre-existing heart and lung conditions. 
The negative effects of tropospheric, ground level ozone contrast sharply 
with the protection from harmful UV-B radiation provided by the layer of 
stratospheric, or upper atmospheric, ozone, known as the ozone layer.

A third effect caused by excessive NOx emissions is acid rain. NO2 can 
dissolve in atmospheric moisture to form nitric acid, a component of acid 
rain. Although nitric acid is not particularly harmful to humans, except in 
concentrations much higher than could be achieved by this process, it can 
be harmful to plant life and structures. By the same process that creates 
nitric acid in the atmosphere, NO2 has been found to contribute the 
eutrophication of coastal and stagnant waters. Eutrophication occurs when 
a body of water suffers an increase in nutrients that leads to a reduction in 
the amount of oxygen in the water. This produces an environment that is 
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7KH�ÀUVW�WHFKQLTXH�LV�WR�XVH�D�ÁXH�JDV�UHFLUFXODWLRQ��)*5��V\VWHP��,Q�D�)*5�
V\VWHP��D�SRUWLRQ�RI�WKH�H[KDXVW�JDV��ÁXH�JDV��LV�UHF\FOHG�IURP�WKH�H[KDXVW�
stack to the burner air intake, mixed with the incoming combustion air, and 
IHG�LQWR�WKH�EXUQHU��7KH�UHF\FOHG�ÁXH�JDV�FRQVLVWV�RI�FRPEXVWLRQ�SURGXFWV�
which act as inerts during the combustion of the fuel/air mixture. This 
serves to reduce the formation of  NOx, by two mechanisms. Primarily, the 
recirculated gas acts as a dilutent to reduce the combustion temperatures, 
thus suppressing the thermal NOx mechanism. As a secondary mechanism, 
FGR also reduces NOx formation by limiting the amount of oxygen available 
for the dissociated nitrogen atoms to react with, because the majority of the 
R[\JHQ�LQ�WKH�ÁXH�JDV�KDV�DOUHDG\�EHHQ�FRQVXPHG�E\�WKH�LQLWLDO�FRPEXVWLRQ�
process. With this process, we are able to reduce NOx emissions by over 
60 percent

Another technique that has been implemented by burner manufacturers, 
which we have found to be a very robust solution to reducing NOx 
emissions, has been the use of pre-mixed surface stabilized combustion 
EXUQHU�GHVLJQV��7KLV�PHWKRG�UHGXFHV�WKH�ÁDPH�WHPSHUDWXUH�WKURXJK�WKH�
use of excess air in the combustion gas. Typically, the implementation 

RI� KLJK� H[FHVV� DLU� �IXHO� OHDQ��PL[WXUHV� UHVXOWV� LQ�ÁDPH� LQVWDELOLW\� DW� KLJK�
capacities. By pre-mixing the fuel and air in a primary chamber, distributing 
WKH� PL[WXUH� WKURXJK� D� PHVK� RI� PHWDO� RU� FHUDPLF� ÀEHU�� DQG� PDLQWDLQLQJ�
combustion uniformly across the surface of this mesh, combustion stability 
is preserved, and NOx formation is greatly reduced. This technique 
eliminates the need for external piping required for the FGR system, and 
DFKLHYHV�D�ORZHU�ÁDPH�WHPSHUDWXUH�E\�RSHUDWLQJ�OHDQHU��ZKLOH�DW�WKH�VDPH�
time creating a homogenous mixture of fuel and air to prevent the existence 
of fuel rich combustion zones. In certain applications, this system is capable 
of reducing the formation of NOx by as much as 90 percent.

A third method that may soon become an option to further reduce NOx 
emissions, employs the process of fuel staging. In this method, the fuel 
is divided into primary and secondary streams and injected into separate 
combustion zones. In the primary zone, fuel lean combustion reduces 
ÁDPH� WHPSHUDWXUH�� ,Q� WKH� VHFRQGDU\� ]RQH�� WKH�R[\JHQ�GHSOHWHG�DLU� IURP�
the primary zone prevents further NOx formation. This is typically a less 
economical solution, but with the combustion of fuel staging and external 
FGR, NOx levels can be reduced to meet and exceed even the most exacting 
local emissions standards.

Employing any one of these techniques also requires the use more sensitive 
control systems in order to ensure that the burner system is always running 
DW� WKH� RSWLPDO� HIÀFLHQF\�� 7R� DFKLHYH� WKH� PRVW� HIÀFLHQW� FRPEXVWLRQ�
th570044004F00ghoustencntuse s. By p. Tange teca giost stem is alway, we ha


