
A culmination of the highest ever proven 
crude oil reserves and oil production in the 
US, along with changes in legislation on the 
country’s crude oil exports, has been 

transforming the US into a significant exporter of 
crude oil. In fact, as of April 2018, Citigroup Inc. 
projected the US to surpass Saudi Arabia in crude oil 
exports in 2019 to become the world’s largest 
exporter of crude oil.1 This presents compelling 
challenges to export terminals. The limited port 
depth along the Gulf Coast is a major hindrance that 
has a couple of viable solutions as will be discussed 
later in this article. Another issue, which will be the 
major focus of this article, is how these terminals can 
meet these new throughput levels while also 
managing the associated environmental impacts. The 
direction of the market demands a technology that 

allows for increased throughput at lower emission 
rates, while also helping keep production and 
midstream partners within their environmental permit 
thresholds.

Crude oil production reaching new 
heights
US proven reserves of crude oil set a record in 2017 of 
39.2 billion bbls, overtaking the previous record of 
39 billion bbls from 1970.2 This comes due, in large 
part, to horizontal well drilling and hydraulic 
fracturing (fraccing) which has provided access to 
large reserves of crude oil in low-permeability shale 
formations. The advent of horizontal well drilling and 
fraccing drastically changed the economics of crude 
oil production. Since horizontal wells, by their nature, 
provide more formation contact than vertical wells, 
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higher production rates can be achieved per well. As a 
point of reference, according to the US Energy 
Information Administration (EIA), in 2017 only 1% of 
vertical wells produced at least 100 bpd, while an 
estimated 30% of horizontal wells produced at least 
100 bpd.2 

While independent producers now have the ability 
to access the largest proven reserves on record, the 
US is simultaneously at the highest crude oil 
production levels in its history. In November 2017, 
monthly US crude oil production exceeded 
10 million bpd, setting the highest monthly level of 
crude oil production in US history.2 Furthermore, the 
EIA estimates US crude oil production for 2018 at 
10.9 million bpd, and projects 2019 production at 
12.1 million bpd, demonstrating a growing trend.2 
Notably, in September 2018, the EIA announced that 
the US became the largest global crude oil producer 
(Figure 1).2

Exports: a change in policy
Accompanying these factors is a recent change in 
legislation on US crude oil exports. In December 2015, 
the US enacted legislation authorising the export of 
US crude oil without a license, which drove up exports 
as expected. As a reference point, from 2000 to 2015, 
US crude exports averaged approximately 86 000 bpd 
with a range of approximately 2000 – 600 000 bpd.2 
Since 2015, US crude exports averaged approximately 
1.1 million bpd with a range of approximately 
450 000 – 2.2 million bpd.2 This drastic rise can be 
seen in Figure 2.

This all comes at an interesting time, as of this 
writing in early 2019, when there is wide and varied 
speculation on global crude oil supply and demand 
market forces. Many expect US crude exports to 
continue to grow based upon:

 n The assumption that the US will become the 
balance for global crude oil demand while the 
agreed upon OPEC and non-OPEC production cuts 
are honoured.

 n The possibility that non-US production decreases 
as a result of state instability and possible 
sanctions. 

In fact, the EIA projects the US to be a net energy 
exporter by 2022.2 While this projection accounts for 
all energy, crude is a major contributor, and this would 
be a significant swing. In November 2018, the EIA 
estimated the 4-week average for US crude oil imports 
and exports at approximately 7.6 million bpd and 
2.2 million bpd, respectively.2

Challenges arise
Of course, there are existing factors that currently 
limit just how much US crude oil exports can grow. 
One hindrance is marine vessel size as the 
US Gulf Coast ports are too shallow to allow very 
large crude carriers (VLCC) with approximate volume 
capacities of 2 million bbls to pass when they are fully 
loaded. Dredging and offshore loading terminals 
appear to be viable solutions to this restricting facet 
and smaller Suezmax (approximately 1 million bbls) and 
Aframax (approximately 750 000 bbls) vessels fill in 
meanwhile. 

Expanding supply networks from production sites to 
export terminals represents another obstacle. Currently, 
there are major on-going strategic projects to increase 
the pipeline infrastructure from the Permian region to 
the US Gulf Coast area. These projects are planned to 
be operational in the latter half of 2019, which will 
bring on more supply available for export. 

Another challenge is environmental compliance. In 
a petroleum products terminal setting, evaporative 
hydrocarbon liquids will routinely contact air or inert 
gas, generating vapour laden with volatile organic 
compounds (VOC). Specifically, in the case of a crude 
oil export terminal, ship exhaust, which is used to 
render the cargo hold of a ship inert, comes into 
contact with the crude oil, yielding a vapour stream 
which the terminal facility must process via a vapour 
control system. 

Vapour control 
systems
Vapour control systems abate 
the emission of VOCs to the 
atmosphere because VOCs, if 
uncontrolled, through a series 
of photochemical reactions 
with nitrogen oxides (NOX) and 
energy from the sun, can 
produce ozone – the primary 
constituent of smog. Two 
alternative technologies may 
be employed for such a 
purpose: vapour recovery 
systems and vapour 
combustion systems. Whereas 
recovery systems offer a return 
on investment for the crude oil 

Figure 1. Comparative monthly crude oil production by leading countries 
(source: US EIA).3
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product owner and no combustion byproducts, these 
projects can be technically complex and more 
capital-intensive. Conversely, combustion systems offer 
process flexibility and versatility but generate 
byproducts such as carbon dioxide (CO2), carbon 
monoxide (CO), and NOX. Marine bulk distribution 
facilities utilise both types of technology; however, 
vapour combustion is more commonly applied in the US 
market, and this trend is expected to continue as crude 
oil export operations expand.

Unsurprisingly, significant increases in product 
throughput yield higher pressure on environmental 
permitting. Terminal operators typically have emissions 
restrictions for VOC, CO, and NOX – oftentimes both 
annual and hourly targets – that must be met. When 
vapour combustion end control devices are utilised, 
designing systems to achieve extremely high VOC 
destruction efficiencies and low rates of CO 
production can be achieved with traditional 
technologies in order to offset volumetric throughput 
growth. Decreasing NOX to a substantial extent, 
however, is quite difficult to accomplish and cannot be 
achieved with long-standing vapour combustion 
technologies. Given that NOX participates in 
photochemical reactions, which lead to smog 
formation, it is ever more important to source new 
combustion technology to meet market demands of 

both high volumetric 
throughput and low 
NOX formation. 

Problem of 
NOX in terminal 
applications
Low NOX vapour 
destruction in a 
petroleum products 
terminal setting 
presents broad technical 
challenges. A variety of 
techniques often 

employed in ultra-low NOX process burner design 
cannot be utilised in vapour combustion service. For 
example, in contrast to process burners, the waste gas 
in vapour combustion service tends to be available at 
very low pressure, resulting in low potential for mixing 
energy. Additionally, the flow rate and composition of 
the waste gas can vary considerably. In terminal service, 
hydrocarbon vapours can fluctuate from very lean to 
very rich, they may have an inert balance gas or air as a 
balance gas (non-inert), and they may span an extremely 
wide range of flow rates. 

Having high turndown capabilities from a low NOX 
vapour combustion system is imperative. As crude oil 
export facilities seek to push ship load-out rates to 
higher and higher levels, the turndown ratio, which 
must be handled by the end control device(s), must 
scale in kind. Generally, the end control device must 
process vapours generated from a slow, gravity-fill 
scenario at beginning of load (a lean composition, often 
at just a few thousand bbl/hr) all the way up to a peak 
load-out rate at end of load ( a rich composition, 
sometimes at 100 000 bbl/hr or more). Accommodating 
all of the aforementioned operational scenarios at high 
destruction efficiency rates and low NOX and CO 
production rates is the challenge that John Zink Co. LLC 
faced in the development phase of its vapour 
combustion technology.

Combatting NOX formation
The three primary sources of NOX formation in 
combustion systems are thermal NOX, prompt NOX, and 
fuel-bound NOX. Thermal NOX, the largest contributor 
in combustion systems, is formed by the Zeldovich 
mechanism – a reaction of the nitrogen and oxygen in 
‘hot spots’ of the combustion zone. Prompt NOX is 
generated by the Fenimore mechanism – a reaction of 
hydrocarbon radicals with nitrogen present in the 
atmosphere at the flame front, typically occurring at 
lower combustion temperatures. Lastly, fuel-bound NOX 
(also generated by the Fenimore mechanism) involves a 
nitrogen-containing fuel molecule that, when oxidised, 
can form a cyano-compound intermediate which leads 
to NOX formation.

Recognising the need for a low NOX, high capacity, 
high turndown combustion solution that is safe and 
flexible, John Zink conducted an analysis to reduce 

Figure 2. US exports of crude oil (source: US EIA).4

Figure 3. NOxSTARTM vapour combustion systems in 
crude oil ship loading service.
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thermal NOX in vapour combustion service. A lean 
premix solution proved to be the best answer, as it 
yields a reduction in the peak flame temperature, 
which dramatically reduces the production of thermal 
NOX in this application.

Home-grown solution
The company set out to test and develop a lean premix 
technology that would have all of the aforementioned 
advantages. The initial goal was to reduce NOX in vapour 
combustion service from 0.15 lbs NOX/million Btu to 
0.02 lbs NOX/million Btu. 

To do this, multiple conceptual designs were 
researched and tested at John Zink’s headquarters in 
Tulsa, Oklahoma, US. Ultimately, the solution that came 
to be named as NOxSTARTM vapour combustion 
technology proved to be the most safe, effective, and 
reliable. The technology builds on traditional vapour 
combustion technology, incorporating anti-flashback 
burners, pressure-staging control, flashback arrestors, 
and reliable energy-efficient pilots sighted with 
interlocked flame scanners. 

Defeating NOX formation
The vapour combustion system is a robust solution for 
many services including ship/barge loading, 
truck/railcar loading, and tank venting applications. It 
has been designed to utilise multiple fuel gas types and 

achieve the same performance standards. The 
technology is suitable for terminal users requiring low 
NOX and high destruction efficiency all while achieving 
high stack capacity and greater than 10:1 turndown. 
High heat capacitance in a single end control device 
often eliminates the need to stage multiple end 
control devices, making regulatory compliance testing 
much easier. 

NOX my problem
As production reaches new heights and crude oil 
export policies evolve, meeting new throughput levels 
will become ever more challenging for US terminals. 
Now, more than ever, reducing the magnitude of NOX 
emissions through vapour combustion technology is 
imperative. With new solutions such as NOxSTAR 
vapour combustion technology, the US crude oil export 
market can avoid bottlenecks in throughput – and 
profits – to take advantage of the favourable economic 
climate. 
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LOW-NOX 
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CAPACITY?
THAT’S  
SMART. 
Our NOxSTAR Vapor Combustion 

System offers emissions control 

of less than 0.02 lbs NOx/

MMBtu and less than 0.015 lbs 

CO/MMBtu. Plus, our unique 

design also allows for a 

significantly higher heat 
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combustor so you can 
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stack capacity, often 
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to stage multiple end-

control devices. 
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