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1. INTRODUCTION 

This evaluation report is concerned with the technical evaluation of the 
proposed update and simplification of the NOx emission legislation in the 
"  Besluit Emissie-Eisen  Stookinstallaties  (BEES)" for new process heaters 
and furnaces used in the chemical and petrochemical industry. 

The information used in this study consists of discussion summaries and 
literature references provided by  VROM  [1-13], individual discussions 
between the IFRF and burner/furnace/heater manufacturers, industrial 
users and additional references and industrial information [14 - 23]. 

Furthermore, existing knowledge and expertise at the IFRF on NOx 
emissions and formation when firing natural gas and refinery gases in the 
process industry has been utilised [18,23]. This study has been executed in 
the period August-November 1996. 

2. BACKGROUND NOx LEGISLATION IN THE NETHERLANDS 

Present legislation 

The present NOx legislation for existing heaters in the chemical and petro-
chemical industry has correction factors for Bridge Wall Temperature  
(BTW),  combustion air preheat temperature, H2 and C3+ content in the 
fuel gases and an allowance for the LCV of the Natural Gas [8]. 

For new heaters (BEES "92) only a correction factor for the fuel gas 
composition is included. The emission limits are 150mg/m3  for pure 
Natural Gas (NG) and a gliding factor of (1+H2)(1+C3+) for the different 
compositions of the Process Gas (PG) with a maximum of 200mg/m3. 

Proposed legislation 

The proposed legislation for new heaters has the objectives to be more 
simple, technically sound and reduce the NOx emission levels in accord 
with the state of the art of low NOx technology. Furthermore, economic 
penalties and operational difficulties in the industry should be avoided 
and reliability and flexibility guaranteed. 

In the presently proposed legislation for new heaters and furnaces a 
measure for the process temperature (Coil Outlet Temperature), the air 
preheat temperature and the fuel gas composition are included [14]. 
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The following NOx limits in mg/m3  at 3% 02 are proposed for new 
heaters and process furnaces: 

COT <600°C 	COT > 600°C 

NG 	PG 	NG 	PG 

100 100 130 
130 100 130 

na  120 175 

no air preheat 	70 
air preheat (<300°C)100 
Article 28: 
air preheat (>300°C)  na 

in which 
NG 	:Natural Gas and/or Process Gas with H2<25%, 
PG 	:Process Gas i.e H2%>25% or CH4>95%, 
COT :Coil Outlet Temperature i.e. a measure for the process temperature 

For process conditions with a high process temperature and high air 
preheat an additional allowance can be made (article 28) which results in a 
limit of 120 mg/m3  for NG and 175 mg/m3  for PG. However, for these 
conditions 3rd generation Low NOx technology should be applied. 

Background to the procedure 

In the mid 1980's the International Flame Research Foundation (IFRF) co-
operated in the execution of a research project know as "NOx in the 
process industry" commissioned jointly by the Ministries of Housing 
Spatial Planning and Environment  (VROM)  and Economic Affairs  (EZ)  
and carried out jointly with representatives of these ministries and 
industry. As a result of this research certain recommendation were 
incorporated into the subsequent  "Besluit Emissie  Eisen  Stookinstallaties  
(BEES)". This BEES was updated 26th August 1992, Stb.451. This update is 
the most recent. 

More recently, an investigation was carried out by Ministry staff which 
led to the conclusions that improved technology would allow a further 
update of the BEES which would include in certain cases , reduced 
emission levels. This conclusion was based among other things, on 
information gained in the USA from environmental protection agencies, 
industry and combustion equipment suppliers [1-131. After discussions 
between  VROM  and Industry, in which the  EZ  was involved,  VROM  
made a proposal to update the emission levels quoted in BEES. A part of 
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this proposal, namely the requirements for new installation, process 
furnaces, was the subject of strong objection by industry through the 
Steering Committee Furnaces (SGV). Therefore  EZ  decided to have a 
supplementary research programme undertaken to investigate the 
validity of the objections. 

Thus the proposed research concerns specifically the viability of proposed 
NOx emission levels for new fuel gas fired process heaters. In addition a 
request was made for comments upon the efficiency effects of the 
proposed emission limits. The deliverable would be in the form of a 
research report described hereafter as the Final Report. 

In order that the conclusions may be seen to be completely independent, it 
is requested that a number of independent experts in the field should be 
invited to review the final report and prepare comments. 

The time scale for the execution of the programme was tight since within a 
period of approximately 3 months all the available information which has 
been collected over a period of circa 2 years was evaluated and additional 
discussions with burner/furnace manufacturers and industry were held. 

3. 	DESCRIPTION OF RESEARCH PROGRAMME 

In the following sections the research programme is described as 
discussed at  VROM  on 1st August 1996. 

3.1 	INFORMATION AVAILABILITY 

On commissioning the research a package of information was made 
available by  VROM  to the IFRF [1-13]. This information will be evaluated 
for 
• relevancy, consistency, and accuracy 
• it will be evaluated if all relevant sources have been approached for 

information 
• if only partial information has been used 
• Additionally, the IFRF will search for further information when 

required. 
• if on a specific subject insufficient information is available or 

inconsistencies within the available information arise then this will be 
clearly mentioned in the evaluation 
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This information will include details of the proposed emission levels 
broken down with respect to operating parameters such as preheat, 
process temperature and fuels gas composition. 

To optimise the execution of the research the IFRF may request from 
industry supplementary information over the indicated problem areas. 
Extension of the scope of this research on the ground of new information 
from Industry is not the intention. 

3.2 	QUESTIONS TO BE ANSWERED 

The programme will focus on the technical evaluation of the following 
questions related to the proposed legislation: 

Preliminary Question 

This concerns the verification of the  VROM  information and the question 
if all the relevant sources have been approached. 

Primary Question 
Can the proposed emission be achieved by new installations in the 
sector process heaters? 

This primary question may be divided into two sub-questions namely: 

1. Is it possible to make a judgement over the achievability of the 
proposed limits? 

Aspects to be considered: 
• la) Technical achievability of the proposed limits; 
• lb) Is sufficient allowance made between achievable limits in ideal 

situations as opposed to practical situation experienced in 
industry? 

• 1c) Effect of proposed emission levels on flame shape, excess air 
reduction, heat transfer, burnout, CO, flexibility, reliability and 
efficiency. 

• 1d) Conditions under which combustion equipment 
manufacturers can guarantee achievement of limits; 

• le) Extent to which the equipment can be supplied and 
guaranteed; 

• if) What in broad terms is known over costs relevant to modern 
2nd and 3rd generation low NOx technology; 



IFRF Doc No 970113 	 -6- 	 Technical Report  
IJmuiden,  January 1997 	 3rd Draft - VROM_EZ 

It is foreseen that there may be particular circumstances where the 
proposed emission limits may not be relevant. Consideration should 
be given to the following points: 

• 1g) If it is concluded that certain process conditions are not 
covered by the  VROM  proposal, then consideration should be 
given to the specification of these conditions and how often these 
conditions occur; 

• 1h) In particular situations where new process furnaces may be 
constructed in the space previously occupied by a former process 
furnace, then there may be design restrictions, for example space, 
or process design which would render the proposed emission 
limits unobtainable. 

• 11) What are the mechanisms which effect the formation (and 
reduction) of NOx under conditions typical in process heaters; 

• 1j) How are these mechanisms utilised in current (2nd generation) 
low NOx technology, and in ultra (3rd generation) low NOx 
technology; 

2. Is it possible to make a judgement over the reasonability of the 
technical definitions used, which identifies the border between one 
class of standards and another? 

Aspects to be considered: 
• 2a) The reasonability of using Coil-Outlet Temperature as the 

defining parameter between high and low temperature furnaces; 
• 2b) The reasonability of using H2 and CH4 concentration in the fuel 

gas as contributory factors to the adiabatic flame temperature of 
process (fuel) gas without taking into account the concentration of 
C2 and C3 hydrocarbons. 

Of particular importance here is to draw conclusions with respect to: 
• 2c) the practically available data on the composition of process gas 

with respect to the determination of adiabatic flame temperature. If 
the proposed definition is unsatisfactory, what revised definition 
would be optimum? 

• 2d) the acceptability of choosing 600°C Coil Outlet Temperature as 
the transition point between high and low temperature furnaces. 
Questions which should be answered here include the suitability of 
Coil Outlet Temperature as a transition parameter, and the value of 
the transition point. 

NB: Post-combustion flue gas cleaning is not of concern here. 
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3.3 	ASSESSMENT OF THE FINAL REPORT 

It was agreed that in order to ensure the independence of the conclusions, 
a group of independent assessors should be engaged to review the final 
report, and to report back to the IFRF. The IFRF would then make these 
assessments available to the Principal and subsequently meet with the 
Principal to discuss the Assessment Reports. 

The present procedure will be that the Draft Report will be made available 
to the Principal i.e VROM/EZ and will be discussed with the IFRF. 
Subsequently, the report will be sent to the independent assessors. 

It is the intention of the Principal to present both the IFRF Report and the 
Assessment Reports to the SGV. 

It was agreed that the IFRF will engage a team of at least 4 External 
Assessors, based as far as possible on the proposed list provided by the 
Principal. This activity will form part of the preliminary phase of the 
work. 

The selected External Assessors are: 

• Prof Dr Ing K R G Hein,  TU  Delft, the Netherlands; 
• Prof J de  Ruik,  VU  Brussel,  Belgium; 
• Prof J Wendt, University of Utah, USA; 
• Prof Leuckel, University of Karlsruhe, Germany 

3.4 	RESEARCH APPROACH 

The following approach will be used in the execution of the research: 

Phase 1: Preliminary activities 
• Engagement of External Assessors 
• Assembly of background information; 
• Kick-off meeting between IFRF and the Principal to ensure that all 

available information has been transferred to the IFRF and to review 
goals and deadlines. 

Phase 2: Assimilation and analysis of available information 
The following phase will be undertaken primarily on the basis of the 
information already provided and the in-house knowledge and 
experience of the IFRF. However, it should be recognised that the IFRF 
Research Station Staff are primarily engaged in research. Application of 
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the results of research in industry is the prime aim; however, the 
experience of the staff does not encompass complete technical details of all 
process furnaces. Nor does the staff have complete information on the 
capital cost of process combustion equipment and its operating costs, 
which in any event will be plant dependent. In these situations the staff of 
the IFRF would normally request information from appropriate 
representatives of the IFRF Membership. In the execution of this research 
programme, this approach will be used when necessary when allowed 
within the time span available. 

In this phase the activities will consist of: 
• Assimilation of information assembled; 
• Initial analysis with respect to the questions posed in section 3.2 above; 
• Determination of information gaps; 
• Identification of sources of further information which may be required 

Phase 3: Detailed analysis 
• Acquisition of supplementary information; 
• Detailed analysis of all information with respect to the questions posed 

in section 3.2 above; 
• Determination of conclusions; 
• Initial drafting of the Final Report. 

This phase will be terminated with an end of analysis review. Here the 
need for further information analysis will be identified and planned. If 
unforeseen problems are identified, the Principal will be approached. 

Phase 4: Reporting and assessment 
In the preparation of the Final Report, the questions already proposed by 
the Principal will be addressed and answers given. Every attempt will be 
made to explain and justify the answers given. However, due the limited 
time available, of necessity, some aspects of answers may be limited. In 
the unlikely situations where no answer is possible, due to lack of 
information or otherwise, this will be clearly stated with reasons. 
However, the Principal will already have been made aware of this 
situation at the end of phase 3. 

4. 	EVALUATION OF THE PROPOSED LEGISLATION 

Note: Before starting and during the project additional information was 
collected from  VROM  [14,15,17], IFRF [16-18, 20-23] and the 
burner! furnace manufacturers and industry [19]. 
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In the following sections the proposed legislation will be discussed for 
technical reasonability, simplification, cost aspects and industrial 
implications. 

4.1. Is it possible to make a judgement over the achievability 
of the proposed limits for new process heaters? 

The main parameters affecting the NOx emission level in fuel gas fired 
heaters are (questions 11 and 1j): 

• Excess air level, which is an indicator of the amount of oxygen in the 
flame. In general Low NOx burners operate at low excess air levels 
which is favourable for reduced NOx levels and increased furnace 
efficiency. CO and unburned emissions can increase due to the reduced 
oxygen availability and less intense mixing. 

• Fuel composition, is of key importance for the flame temperature. 
Higher concentrations of H2 and C2+ increase the flame temperature. 
Additionally, higher hydrogen concentrations increase the water 
vapour content in the flame and therefore an increase in NOx 
,measured on a dry basis, occurs. Dependent on the burner 
characteristics this effect is more or less pronounced. For some burners 
an increase in NOx occurs up to H2 levels of 50%. A further increase in 
hydrogen reduces the NOx due to less prompt NOx being formed. At 
increased levels of C2+ more prompt NOx may be formed and flame 
temperatures will be higher. With cracking furnaces, higher 
temperatures, the effect of air inleakage into the furnace or a higher 
oxygen level in the fuel can have an increasing effect on the NOx 
emission level. 

• Combustion air preheat temperature increases the thermal NOx 
formation due to increased flame temperatures. 

• In-Furnace temperature affects the NOx formation due to the overall 
higher temperature level in the furnace and the possibility of NOx 
being formed outside the flame envelope if temperatures are 
sufficiently high. 

• In general low NOx burners aim to have lower peak flame 
temperatures at reduced in-flame oxygen levels. Other mechanisms can 
aim for increased mixing at lower oxygen levels which enhances the 
reburning mechanism. The effects of peak adiabatic flame temperature, 
combustion air preheat temperature and furnace temperature and 
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flame cooling (heat extraction) will be less pronounced when compared 
to baseline high NOx burners but will still be observable. The 
distinction between second and third generation low NOx burners 
appears to be more related to the emission level and the time of 
developments than to a specific technology [1-23]. For example self 
induced FGR reduces the NOx levels but separate injection of fuel and 
air i.e. reversed entrainment has a similar effect but is more related to 
staging techniques. 

• Number of burners and burner-burner interaction can affect the NOx 
level in two manners i.e. NOx can be increased due to flames seeing 
each other and not being able to release the heat (higher in-flame 
temperatures) or reduce NOx if many smaller burners quickly reach a 
well mixed low temperature condition. 

• Burner size can be of influence dependent on burner characteristics 
since in-flame residence time distribution in oxygen rich or lean zones 
strongly affects the NOx formation potential [23]. 

• Burner - furnace interaction is of influence on volumetric heat release, 
flame development, recirculation and heat extraction which are all 
parameters affecting the NOx formation. 

• The three points mentioned above have a certain degree of flexibility 
for completely new furnaces i.e. burner size and positioning and heat 
extraction surfaces and furnace volume. However, process conditions 
may require a specific temperature distribution or heat release pattern. 
The IFRF has insufficient information to give a solution or future 
direction for different heater types and processes. 

Interpretation of the proposed legislation: 

In principle the proposed legislation as described in Chapter 2 consists of 
three NOx levels i.e. 70,100 and 130 mg/m3; 

• 70 mg/ m3  for pure Natural Gas or Process Gas with less than 25% H2 
and no preheat and a COT below 600°C, 

• 100 mg/m3  for Process Gas with more than 25% H2, no air preheat, and 
COT <600°C 

• 100 mg/ m3  for Natural Gas and Process Gas (H2<25%) with air preheat 
and COT<600°C, 

• 100 mg/ m3  for Natural Gas and Process Gas (H2<25%) with and 
without air preheat for COT>600°C, 
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• 130 mg/ m3  for Process Gas (H2>25%) with air preheat for COT<600°C, 
• 130 mg/ m3  for Process Gas (H2>25%) for COT>600°C, independent of 

air preheat, 
• Exceptions can be made for high air preheat (>300°C) and COT>600°C 

i.e 120 mg/m3  for NG/PG and 175 mg/m3  for PG (H2>25%), 

The following remarks can be made: 

The present legislation is 150mg/ m3  (NG) without an allowance for air 
preheat temperature. This is reduced to 70 respectively 100 mg/m3. 
Furthermore, no allowance for Process Gas composition is made up to 
25% hydrogen. 

The present maximum is 200 mg/ m3  for new heaters firing process gas 
regardless of air preheat temperature. For similar conditions the proposed 
legislation for new heaters plus burners is 100 - 130 mg/ m3. 

An allowance of 30mg/ m3  for air preheat is made for the low temperature 
processes (COT<600°C) which is not made for the higher temperature 
processes (COT>600°C). Theoretically, air preheat temperatures are of 
more influence on the NOx emission level at higher process temperatures. 
However, this effect can be tempered to some extent by the use of low 
NOx burners. In general the waste heat from the lower temperature 
processes is used for air preheat (energy efficiency approximately 6-9% at 
250°C) [19,21,22]. For high temperature processes such as ethylene 
crackers, the waste heat is used for steam generation and air preheat is less 
common due to the large amount of burners. The application for the 
Article 28 may therefore occur only in exceptional cases. However, to 
what extent air preheat temperatures below 300°C are used is less clear. 

A second consideration is the application of air preheat in new 
combustion installations [21,22]. From efficiency viewpoint air preheat is 
regularly used in steam reformers, methanol factories, and future steam 
crackers. The steam from a waste heat boiler is relatively expensive 
compared to the steam produced from a combined heat and power 
installation. This way of thinking may result in an increased usage of air 
preheat for new furnaces for high temperature processes in future. 
Additionally, low NOx burners generally require a larger radiant zone 
and operate under lower excess levels which may result in increased 
efficiency levels 

X 
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Achievability of the proposed NOx emission levels 

A literature evaluation has been performed on the information which was 
made available by  VROM  [1-14] and on additional information obtained 
from discussions with burner and furnace manufacturers and industry 
[15-23]. In Table 1 a full overview of all the NOx emission levels from the 
available information, communications, measurements and IFRF trials in 
the range of single burners from 300kW up to 12MW is given. 

The available information was complex to analyse due to the wide range 
of NOx emission levels quoted by burner manufacturers, the sometimes 
unclearity whether ideal test conditions or a practical situation was quoted 
and insufficient specification of the exact conditions such as air preheat 
temperature, fuel gas composition, furnace temperature and number of 
burners, see Table 1. 

Furthermore, substantial differences could occur between ideal test results 
and industrial guarantees and application. 

Overview of ranges 

The following ranges are quoted by the burner manufacturers 

non-low NOx 
	80-200 mg/m3  for ideal conditions 

1st Generation 	50 - 300 mg/m3  dependent on fuel, process 
2nd Generation 
	40 - 90 mg/m3  for ideal (test) conditions 

3rd Generation/ultra low 20-70 mg/m3  for mainly ideal conditions 

Under ideal conditions is assumed: Natural Gas, no air preheat, low 
process temperatures (<850°C Bridge Wall Temperature or test furnace). 

In general the following factors are used by the burner designers: 

Air preheat temperature - 300°C : 50 - 100% increase in NOx 
Fuel Gas - up to 70% H2 : 30 - 70% increase in NOx 
LT furnace - HT ethylene cracker : 30 - 100% increase in NOx 

These factors are based on the information available in which it should be 
noted that for low baseline emission levels a higher factor can occur than 
for high baseline values. The translation from test conditions into practical 
application is usually through a multiplication factor in the range of 1.3-2. 
This factor is dependent whether the NOx level is translated from an ideal 
new test situation or from an already proven technology. 

P<> 
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Examples of Guarantees 

The guaranteed values at the present moment vary in the range of 50 - 90 
mg/m3  for process heaters with BWT below 850°C for pure natural gas 
and no air preheat (see  Tablel,  KTI, Lummus,  Duiker,  Zink). For process 
gas the guaranteed levels vary in the range of 70 - 110 mg/ m3  with no air 
preheat. 

Specific quotations for two new furnaces (BWT of 880 and 1000°C) 
indicate NOx levels of 72 mg/m3  for pure NG and 103 for PG ( 70% H2). 
With air preheat (220°C) the expected NOx levels are 20-30 mg/m3  higher 
[4a,4c].0ther parameters such as CO, CH y and particulate emissions 
should also be considered. 

A new  hydrocracker  with air preheat of 200°C has been guaranteed at 130 
I mg/m3. The proposed emission legislation would be 100 or 130 mg/m3  

dependent on the process gas composition [19], i.e. H2>25% or H2<25%. 

Examples of Existing installations 

The industrial experience varies dependent on existing installations which 
have emission levels of 100 up to 500 mg/m3  over the full range of process 
gases and air preheat temperatures [19]. 

Measurements on a number of existing and newer process furnaces and 
crackers made available by  VROM  (27) from Europe and the USA resulted 
in NOx levels between 22 and 140 mg/m3  with a high excess air exception 
at 180 mg/m3  in the load range of 50 up to 100% [15], see Appendix 3. 
Almost no influence of COT on the NOx is observed. The effect of air 
preheat and higher concentrations of hydrogen and hydrocarbons (C2+) 
can be observed. 

A limited influence of burner/furnace load was observed. These 
observations are in agreement with previous studies [18] test cases and 
information from burner manufacturers [6,19,23]. 

Examples of New Combustion installations 

For new furnaces equipped with the latest technology limited practical 
information is available and mainly expected values can be quoted. 

The following information was available: 
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A relatively new ethylene furnace fired on NG with a BWT of 1250°C had 
NOx emission levels of 100 - 110 mg/ m3  with a guaranty of <100 mg/ m3  
[4a,4c]. However, a burner part got blocked and resulted in flame 
impingement at the tubes. 

A new platformer furnace without air preheat and a COT below 600°C 
which has been equipped with new Low NOx burners presently emits 140 
mg/ m3  (proposed emission legislation 100 mg/ m3) [19]. The present 
guaranty is 150 mg/ m3. The burner types in this furnace are not known. 

Technical aspects related to the application of Low NOx burners 

Differences in flame characteristics and furnace operation when applying 
Low NOx burner technology based on discussions with burner 
manufacturers, industry and IFRF experience: 

• the flames are longer and more diffuse, 
• impingement on the furnace tubes has to be avoided, coking or reduced 

life-time of the plant will result in extremely high costs. 
• more sensitive to air flow control, and more complex control for the 

different burner zones is required, 
• due to the different flame shape changes in radiative heat flux can 

occur. Generally, the heat flux distribution will be more evenly spread 
through the furnace. The gas exit temperatures from the radiant zone 
can be higher which changes the heat transfer characteristics in the 
convection zone. 

• for ultra low NOx burners the turndown capability of the burners is 
reduced which affects the limitations and flexibility of operation. 

In theory it should be possible to match the flame shape and burner 
flexibility with the furnace configuration for completely new future 
installations. However, the IFRF does not have sufficient industrial 
information to make a definitive conclusion on this subject. 

Dependent on the operating principle of the Low NOx burner the effects 
of fuel gas composition and air preheat temperature are more or less 
pronounced. In practice the NOx emission level in an industrial heater or 
cracker is higher when compared to a ideal test furnace due to air 
inleakage, different temperatures, burner-burner interaction and the 
burner - furnace combination. For new furnaces plus burners a better 
tuning between furnace and burners is possible. 
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Burner turndown can be limited by CO emissions especially in cold 
refinery heaters due to longer flames and lower temperatures. For new 
heaters this is corrected by adding additional radiant surface or additional 
convective surface. In the latter option there may be a temperature 
increase in the arch which requires a more expensive metallurgy. In both 
of the cases the foundations need to be more robust due to increased 
weight [20]. 

However, industrial information on new furnace designs in relation to low 
NOx is hardly available and detail information could not be found. 

The main parameters at present which determine the furnace 
characteristics are process type and efficiency considerations [19]. The 
amount to which the low NOx emission legislation should be included 
into the design of new combustion installations cannot be answered by the 
IFRF. 

In Europe more forced draft burners are used when compared to the USA. 
Usually the fire box is less wide and the burners have a higher capacity. 
Additionally, more safeguarding equipment is required due to 
regulations. The utilisation of air preheat is less common in the USA [4c]. 
Air preheat compensates for efficiency. In general forced draft have higher 
investment costs and higher rated compact furnaces have lower 
investment costs. 

4.2. Is it possible to make a judgement over the reasonability of the 
technical definitions used, which identifies the border between 
one class of conditions and another? 

Process temperature 

The most representative parameter which will indicate the temperature 
level affecting the NOx formation is the gas temperature in the flame and 
in the radiant section. However, this temperature is difficult to be 
measured. The parameter which is presently used in existing heaters is the 
Bridge Wall Temperature which indicates the gas temperature at the exit 
of the radiant section. The peak flame temperatures in the radiant section 
are effectively unknown and are determined by the mixing of the fuel and 
air streams from the burner and the heat extraction in the radiant section. 

The Coil Outlet Temperature represents the process medium at the exit of 
the radiant zone. This temperature allows a distinction to be made 
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between higher and lower temperature processes such as ethylene 
cracking and refinery processes respectively. 

Theoretically, higher process temperatures should result in higher NOx 
emission levels (Table1,[23]). From literature information and industrial 
measurements this trend is not always confirmed [15,18] and other 
parameters play a more important role. 

Fuel Gas Composition 

Fuel Gas composition is considered to be an important parameter which 
strongly determines the combustion process, the flame temperature and 
the NOx formation. This is confirmed by burner manufacturers and 
industry. Also at the IFRF tests were performed on refinery burners fired 
with different ratios of hydrogen in the fuel gas. In general increases in 
NOx of 30-50% were measured. 

However, the observed influence of the fuel gas composition on the NOx 
emission level is not always linear with the hydrogen concentration [16]. 
Up to hydrogen levels of 50% an increase in NOx is observed whilst above 
this level NOx decreases again. This trend is burner specific. 

Dependent on the operating mechanism of the burner the NOx emissions 
are expected to be approximately 20-60% higher (up to 70% H2) when 
compared to standard NG. It is effectively impossible to quote a certain 
range since exceptions will be possible in industrial situations. 

The observed Process Gas compositions (44) varied over the whole range 
of hydrogen concentrations (10 - 85%) with C2+ concentrations between 5 
and 60%. [11,15,18]. It is effectively impossible to make a clear distinction 
between <25% H2 and >25%H2 whilst neglecting the higher unsaturated 
hydrocarbons, see Appendix 2 and 3 reference [11]. 

Calorific value of the gaseous fuel and the fraction of the combustibles 
which can result in a high adiabatic flame temperature are considered to 
be of influence on the NOx emission level. The characteristics of the low 
NOx burner can make this influence more or less pronounced. 

The step function at 25% H2 is not considered to be technically 
representative and a gliding scale is proposed for example (1+H2+C2+). 
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The allowance for CH4>95% is not considered to be of technical relevance 
in defining the process gas composition since standard natural gas also 
contain substantial amounts of CH4. 

Dual Fuel Firing 

Combined as-Oil firing was not included as a topic in this study. In 
general combined firing requires a larger fire box/radiant zone due to the 
longer burndut times for the oil droplets. This would be favourable for 
lower NQx emissions and increased efficiency in the radiant zone. 
However  thé  burner design which can be optimum for low NOx gaseous 
fuel firing may not be the optimum for dual fuel firing or vice versa. 

Air Preheat temperature 

Air preheat temperature directly affects the flame temperature. In general 
a .mi.nimam. increase in NOx of 30 - 100% is quoted at air preheat 
temperatures of 300°C (KTI,  Duiker,  IFRF, J Zink). However, the top 
allowance of 80-100% also included non-low NOx burners. 

For Ultra Low NOx burners (3rd generation) an increase of 20 -30 mg/ m3  
is quoted for air preheat temperatures of 250C at baseline levels of 70 
mg/ m3  [4c]. However, also for ideal test conditions [4c] an increase of 
30mg/ m3  in rease is quoted [4c]. This is approximately 100% of the 
emission level obtained under ideal test conditions i.e. 30 mg/m3. 

In the proposed legislation an air preheat allowance of 50% (70 going up 
to 100 mg/r -13) and 30% (100 going up to 130 mg/m3) is made for low 
temperature processes. For high temperature processes no allowance is 
made althou h the effect of air preheat on NOx is expected to be more 
pronounced or these processes. 

4.3 Cost Aspfcts 

This subject equires further evaluation and could not be fully evaluated 
within the tiMe span available. 

New installations are more flexible in design. However, efficiency and 
process reliability are presently considered to be determining in the 
furnace type and operation. Low NOx burners, although less expensive 
when compared to other process parts, can cause high costs and process 
failure if  th  furnace and flame characteristics are not matched. This 
implies that rrhilst obtaining low NOx emission levels all the other burner 
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characteristics such as turndown, flame shape and heat release patterns 
should be matched to the process and the furnace. 

In general the additional costs for Low NOx burners is in the range of 20 - 
40%. The quoted costs varied in the range of 1500 - 2200 NLG total/tonne 
NOx removed. However, these costs are dependent on the original 
emission level. 

Burner costs [6] 

Small burners 	(0.3-0.4 MW)NLG 2500 per burner 
Baseline 	(4MW) 	NLG 5500-6000 per burner 
Low NOx standard (4MW) 	NLG 7000-8000 per burner 
Extra low NOx 	(guar.<50mg/m3) NLG 12000-13000 per burner 

However, based on IFRF experience the costs for burners can vary 
substantially dependent whether specific designs or modifications are 
required or whether an off-the-shell design can be used [17, 18,plus in-
house experience gained during consultancy projects in 88/89 and 95/96]. 
Also differences in the variation in cost occur if a single burner of a large 
number of small burners are required. 

The additional costs for Low NOx burners are not considered to be a real 
limiting factor for the application of low NOx burners. Plant reliability is 
considered the key when applying advanced Low NOx burners. However, 
a clear distinction to what extent plant performance and flexibility is 
reduced for the 2nd, 3rd generation and ultra low NOx burners respectively 
could not be made. 

Guarantees 

In principle the burner manufacturer/furnace constructor gives a 
guarantee for the required flame characteristics, operation parameters 
such as pressure drop, turndown, fuel type and NOx emission level. 
However, if the guarantee is not met then modifications are required 
which disturb operation and incur additional cost. i.e. it is not a real 
guarantee but more an obligation to make the best job possible. 
(inspanningsverplichting) 

5. CONCLUSIONS 

This report has been prepared based on information from  VROM,  burner 
and furnace manufacturers world-wide, industry, and previous research 

Rev, 

X 
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programmes concerned with NOx emissions in the chemical and petro-
chemical industry and an extensive scaling study on natural gas 
combustion executed at the IFRF. 

It was difficult to obtain an accurate estimate of the number of process 
heaters and crackers in The Netherlands. A general estimate is 
approximately 350 combustion installations of which around 150 are high 
temperature furnaces or crackers. High temperature air preheat (>300°C) 
in combination with a high temperature process is expected not to occur 
often for the present installations [19]. The amount of high temperature 
processes with moderate air preheat temperatures is effectively unknown 
and could not be determined within the time available. Air preheat is 
expected for lower temperature furnaces from efficiency viewpoint and 
since no steam can be made. 

The utilisation of.  low NOx burner designs require larger radiant sections -I 
which will improve radiant zone efficiency. Vice versa future 
developments may be towards high temperature air preheat for high , 
temperature processes for efficiency reasons and the utilisation of ; 
combined heat and power for steam generation on the plants site. 
However, it is not the task of the IFRF to determine the future trend in 
efficiency improvement for the process industry. The questions will not be J 
answered in the sequence of section 3.2 but will be answered in the most 
logical technical sequence: 

Questions 1V1j - Parameters affecting the NOx formation, section 4.1 

• Oxygen availability and temperature in the flame are the main 
parameters affecting the NOx formation. The low NOx burner designs 
aim to reduce these effects by suppressing the peak flame temperature 
and reducing the oxygen availability in the high temperature region. 
The methods are low excess air operation, staging, reduced mixing, 
recirculation, partial premixing, reburning or separate reverse injection. 
In the 3rd generation and ultra low NOx burners a combination of these 
techniques is used. 

• The flame temperature and the post flame zone temperature is 
determined by heat extraction, furnace design and process type, 
combustion air preheat temperature and fuel gas composition. 

• Low excess air levels and high combustion air preheat will improve the 
efficiency of the process i.e less waste heat and higher radiant zone 
efficiencies. Low NOx burners which can operate acceptable under 
these conditions would be ideal for both low NOx and high efficiency 
and reduced CO2 emissions. 
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Questions la - 1h: Achievability of the proposed limits 

The proposed legislation deals with new heaters and crackers. It should be 
noted that the replacement of only a single heater is different compared to 
replacing a full process unit due to different space limitations. Within the 
time span available and based on the information available it is difficult 
for the IFRF to draw definitive conclusions. However, the presently 
available information suggests the following: 

• the translation factor from ideal test situation into full scale application 
varies in the range of 1.3 up to 2. The factor 2 is mainly used under 
extremely low NOx test conditions. The factor 1.3 is used for relatively 
high temperature/high NOx test conditions. 

• In general the flames from Low NOx burners are longer and more 
diffuse. Controllability/turndown may be more difficult due to the 
more complex burner design. The extent to which this will be the case 
for 3rd  generation/ultra low NOx could not be evaluated due to 
insufficient information. 

• On the achievability of the proposed NOx levels on new heaters and 
burners only limited information is available. Most of the values 
mentioned are expected or guaranteed values. NOx emission levels in 
the range of 50 - 240 mg/ m3  were mentioned dependent on process 
conditions. 

• The detailed information available was provided mainly by  VROM,  the 7g  
IFRF and burner manufacturers and to a lesser extent by the industrial I 
user. This makes if difficult to draw conclusions which are ; 
representative for future industrial application and potential. 

• Measurements on existing installations showed ranges of 20 up to 500 
mg/ m3  (including non low NOx burners). For a number of available 
examples the proposed legislation was met, for a number not. 

• Based on the information from the overview table the emission level of 
70 mg/ m3  appears to be achievable for completely new installations 
with low temperatures (COT<600C), no air preheat, and fired on pure 
Natural Gas. However, this limit is very tight and does not allow for 
deviations from the mentioned conditions. 

• When using process gases it is not clear whether 100mg/ m3  is 
achievable under all process gas compositions due to the variations in 
composition of the fuel gas i.e. hydrogen and higher hydrocarbons. 

• For high temperature processes without air preheat, 100mg/ m3  for 
pure NG is considered very tight and from  tablel  insufficient 
conclusions can be drawn. 

• The allowance for air preheat of 30mg/ m3  for the low temperature 
processes appears to be too small to allow for high air preheat levels. 
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• For the high temperature processes no allowance for air preheat 
temperature is made. However, it is expected that the NOx emissions 
from these processes are more sensitive to higher temperatures. 
Therefore, an allowance for air preheat temperatures is proposed. The 
frequency of future utilisation of higher air-preheat due to cheaper 
steam being generated by a combined heat and power plant onsite 
could not be evaluated by the IFRF. 

• The emission levels quoted are based on test results, industrial 
measurements, and guarantees from burner manufacturers. It appears 
that the burner technology is/ will come available although not all the 
proposed emission levels will be met. However, concerning furnace 
design and industrial practice with these new technologies insufficient 
information was available to draw hard conclusions. 

• The cost of low NOx burners is approximately 20-40% higher compared 
to the generation before. On furnace design no cost estimates are 
available. The main concern for industrial application is flexibility and 
limitations in plant operation. This should be guaranteed. 

• The effect of space limitations on new furnaces in an old space can be of 
concern for meeting the emission levels. For these situations it is 
proposed to evaluate the NOx limits per individual case since heat 
extraction, combustion chamber volume and latest NOx technology 
have to be balanced for maximum efficiency and minimum NOx. 

Questions 2a - 2d: Reasonability of the technical definitions 

• Coil Outlet Temperature (COT) is considered to be a reasonable 
measure for a distinction between high and low temperature processes. 
COT is an indicator of the process temperature. If the process 
temperature is higher, the flame temperature is higher when compared 
to low temperature processes. However, it should be noted that also the 
heat extraction is higher for high temperature furnaces which will have 
a cooling effect on the flame. 

• The different sets of process gases was evaluated for composition. The 
step function for fuel composition at 25% is not considered to be 
representative of the actual situation since also for the latest low NOx 
technologies an increase in NOx is observed for low hydrogen 
concentrations. Also the level of higher hydrocarbons is of importance. 
A gliding scale (1+A(H2+C2+)) with A being a weight factor, or a step 
function around (H2+C2+)>10% appears to be a more technical 
representation. 
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Table 1 

Overview of all NOx emission 
levels quoted. 
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.Califomie State Legislation- new installations 50 50 50 50 50 50 50 80 
ICAC Legislation - existing all gases 240 240 240 240 240 240 240 240 
Ozone Trans. Comm. Legislation - existing installations 240 
RACT Legislation - existing 120-240 
DER-Pensilvania Legislation - existing 240-320 
BAAQMD-Califonie 60-bubble 
BURNER MANUFACTURERS 
Alzela 8/3/95 Bones / fluidheater 30-40 
Don Betts Water Boilers / Oil Boilers - retrofit 60 220 higher 30-120 higher with preheat 
Tampella A44Power Boilers - retrofit 60 
Coen Company Boilers 50-60 
Holman Boiler Works J Zink related <80 
Norh Amenic Man Premix/Rebum <40 
Tod Comb. Inc. claims possibility 10-40 
Colannino Cons. claims possibility 70 

70 disturbance 
COEN Nerefco Raf. Boflek - retrofit 40 70 
Evergreen Ref Retrofits - but ideal tests 40-15 

test fornuis 50 
KTI - USA State of art 80-50 
KTI-USA Unocal - Inclusief IRR 40 80 
Chevron ref Retrofits - John Zink / Calides 40 80 
John Zink Bound Flame - test and retrofit results 30 40 50 60 80 (?) 

Flat Flame - test and retrofit results 40 60 75 
Boiler Burner - test and retrofit results 50-80 100 100 (?) 
Latest tests - test and retrofit results 20 30 45 (?) 

DSM - naflamaker new 100-110 
KTI-28/11/95 Staged air 100-150 

Staged+B12 fuel 110-160 
FOR + hybr burners 65-100 
Retrofit Gas fired furnace - Sweden 100 

John Zink test furnace 30 70 60 80 
Ethylene Furnace 70 100 100 

John Zink Quarantees 70 100 90 130 
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KTI New cracking furnaces 100 

Retrofit 100 150-170 

Hamworthy Potential - Standard practice 60 90 90 140 

LD  Duiker  60 90 <150 150 (<200) 

Examples Hamworthy/Dow/Duiker <60 120 < <150 

Quarantees ABB/KTI/Duiker <90 <150 

Papers John Zink tests 30-60 

tests 20-40 

KTI paper guarantees <65 <110 <150 

J Zink paper, tests <50 <70 

latest results <40 

J Zink paper - retrofit boiler 
Callides AFRO '96 effect H2 ("), 

effect Tfi 
effect < CV 	 i  

AFRC96 Alzeta tests (CO > 100 ppm) <60 no exp no exp no exp 

Coen <60 <90 

expected ideal tests? <30 
J Zink Private discussion 70 130 240 

Exxon <100 120 130 thight 130 thight 130 thight  

Vraaggesprek  KTI <50 <85 <150 <220 not mentioned not mentioned  

Vraaggesprek Duiker  <75  

Vraaggesprek  J Zink <50 <70? <70 ? <70 ? 

Retrofit  gevallen  -  GR  real measurements - retrofit <70 <140 <100 <130 =50 <120 <100 

Shell real measurements - retrofit 140 exp 130 

John Zink 60 110 

IFRF scaling Programmes ideal test cond. baseline flames 30-64 140(430°C) 99 260 (430°C) 

IFRF scaling Programmes ideal test cond. baseline flames 30 70 120 120(1350) 

IFRF scaling Programmes ideal test cond. turndown 90 150 

IFRF scaling Programmes ideal test cond. 40% staging 45 80 (1350) 80 125 (1350) 

IFRF scaling Programmes ideal test cond. 80% staging 20 30 (1350) 27 40(1350) 

IFRF scaling Programmes ideal test cond. 40-80% staging hot walls 11000 40-130 

Proposed legislation 70 100 100 130 100 130 100 130 
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Appendix 1 

Overview of results for an IFRF Scaling programme on Natural Gas 
burners. Executed in 1994 - 1996. 

i.e. This information contains both high NOx baseline flames 
and low NOx test flames for Hot and Cold Furnaces 

i.e. 	An impression of the effect of excess air and hydrogen in the 
fuel gas is given in the last figure. 



120 40 	60 	80 	100 

RESIDENCE TIME.(ms) 
20 

N
O

x  
(m

g/
m

3 ,
  d

ry
,  a

t  
3
%

 0
2
)  

300 

250 

200 

150 

100 

50 

CONSTANT VELOCITY SCALING 

200 C Air Preheat 

1.50 C Air Preheat 

1,00 C Air Preheat 
0 

0 

Ambient Air 	w NO, 5 

509%.11earEirti:action (HE)  

*..tikol wall 5, - iou.) Npx  

4,0 NePx cohl teed/S 	a 6u/wt. 

I 

0 

2 

401e.01 1.„70  
z • 

31411411°',.40.., SCALING 400 STUDY 

FUEL THERMAL INPUT (MW) 
0.03 0.3 1.3 	 4 	12 

1^ 2 S" 1413 /
14,1 

 

4.  
{ekt.1-01 	a., 
tfto) 	. 

110 



3.5 

3.0 

0.5 

0.0 

Scaling Characteristics of Aerodynamics and Low NOx  Properties of Industrial Natural Gas Burners 
The SCALING 400 Study - Part IV: 

250 

0  200 
0 • 

as 
.0 150 

E 
.C) 100 
E 

0 

50 

0 
25 	125 	225 	325 	425 

COMBUSTION AIR TEIVIFERATURE (°C) 

Figure 5. Effect of Combustion Air Preheat. Thermal Input 300 kW, No FGR, 
No Staged Fuel Injection. 

3.2.2. Combustion Air Preheat. The effect of combustion air preheat is shown 
in Figure 5. The NOx  emissions increase with increasing combustion air 
temperature due to higher thermal NOx  formation rates resulting from higher 
peak flame temperatures. The flames with cold boundary conditions produce 
lower NOx  than the refractory conditions due to the entrainment of colder 
combustion products and a subsequent lowering of the flame temperature in 
the region where NO x  is being formed. 

Walls C.A. Temp. 
(°C) 

CO 
(pPm) 

NOx  
(mg. /m3) 

NO2/NO 
(P1,111/PPIn) 

N/A Refractory _ 	_ 43 0 99 , 
" 430 0 260 N/A 

Bare-Metal 48 0 , 64 1.4/29.9 
,. 428 0 138 _ 	1.7/65.0 
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Figure 7. Effect of Swirl Number. Thermal Input 300 kW, 35°C C.A., No FGR, 
No Staged Fuel Injection. 

3.2.4. Swirl Number. The effect of swirl number on NOx  emissions is shown 
in Figure 7. The NOx  emissions decrease with increasing swirl number dale to 
the increased entrainment of colder combustion products and a subsequent 
lowering of the flame temperature in the region where NO, is being formed. 
This effect is more pronounced for the cold walls than the hot walls due to 
the lower temperature of the recirculated products. 

Walls Swirl No 
(-)- 

CO 
(PPrn) 

NOx  
(ng/m3)  

NO2/NO 
(PPm/1,1,m) _ 

N/A Refractory 0.0 0 105 
If  0.9 0 77 N/A 

Bare-Metal 0.0 0 88 3.1/40.0 
' ft 0.9 0 49 1.6/22.5 
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Figure 6. Effect of Excess Oxygen. Thermal Input 300 kW, 35°C C.A., No FGR, 
No Staged Fug Injection. 

3.2.3. Excess Oxygen. The effect of excess oxygen on NOx  emissions is shryam 
in Figure 6. The NOx  emissions decrease with increasing excess oxygen due 
to the entrainment of colder combustion products and a subsequent lowering 
of the of the temperature in the region where NOx  is being formed. 

Walls Excess 02 
(Y0) 

CO  
(PPnl) 	_ 

NOK  
(ng/m3)  

NO2/NO 
(PP111/PPnl) 

N/A Refractory : 0.5 6 122 
7.7 0 56 N/A 

Bare-Metal 0.5 0 74 1.9/39.0 .. 
" 9.3 57 34 10.0/0.8 	. 
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Figure 4. Effect of Burner Turndown. 35°C C.A., No FGR, No Staged Fuel 
Injection. 

3.2.1. Burner Turndown. The effect of burner turndown was investigated to 
characterize the burner over a range of inputs. It can be seen in Figure 4 that 

.:the NO x  levels increase as the thermal input was varied from 401 to 79 kW. 
The NO x  emissions varied from 91 to 157 mg/m3  as the load was reduced for 
the refractory-lined configuration. 

Walls Thermal Input 
(kW) 

CO 
(ppm) 

NOx  
<mg/m3) 

NO2/NO 
(ppm/ppm) 

2.5/73.8 Refractory 79 0 157 
401 0 	_ 91 13.9/30.5 

Bare-Metal 77 417 _ 89 _ 29.0/14.5 
" 354 _ 	8 55 1.0/25.7 
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Figure a Effect of Staging Ratio at Two Combustion Air Temperatures. 
Thermal Input 300 kW, No FGR. 

3.2.5. Combustion Air Temperature, Full Load. The effect of staging ratio on 
NOx  emissions w/ and w/o air preheat is shown in Figure 8. 

Walls 
• , 

CA. Temp. 
(°C) 

Staging Ratio 
(io) 

CO 
(PPnl) 

NOx  
(ng/m3) 

NO2/NO 
(PPm/PPIn) 

Refractory 53 0 0 100 N/A 
" 53 80 0 27 N/A 
" _ 130 0 0 125 13.5/48.0 
" 131 . 80 0 21 N/A 

Bare-Metal 43 0 0 60 1.2/28.0 
45 61 0 35 1.9/15.0 

" 	
--- 

130 0 0 80 1.8/37.5 
.. ._ 	132 60 0 	., 46 , 	1.6/20.5 
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Appendix 2 

Overview of 

• different compositions of Process Gases provided by Shell/SGV 
ref [11]. 



Samenstellingen plántgas* - 5 kg1.1 . 

plantgas/ %v --I-12 Cl C2 C3 C4 en c17-1. -, 

1 34.9 - 29 25.3 2.2 1.9 

2 16 23 16 1 	- <1 

3 37.1 9.8 13.0 17.3 17.5 

-4 16 45 30 1.5 1.5 

5 30 15 15 30 10 
6• 84.1 3.8 4.5 3-.9 3.7 

7 '7.1 • 34.7 " 118 
_ 

13.1 16.4 	
-, 

8 71.4 $.4 4.0 4.6 8.5 

9 76.2 6.9 6.2 6.1 43 

10 25 30 30 10 5 

11 47.7 20.3 18.3 63 	- 3.6 

12 03 33.8 32.2 132 16.5 

13 18.6 

82.1 

61.4 14.0 2.9 3.1 

14 5.0 7.6 4.1 1.4 

15 	• 17 	• 70 11 0.2 0.05 

16 	- 45 	
• 

15 15 	, 15 10 

* Omdat alleen de H2 en de Cl, C2, C3 en  grater  of gelijk C4 componenten tin gegeven,  
toll=  nict allo peroontages op tot 100%. Andcte cumpunentoo die In het gas voorkoMen zijn 
CO, CO2, N2 en water. 

TOTAL P.02 
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Appendix 3 

• a data set from different European and USA furnaces provided 
by  VROM  [15]. 
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2fiLMZQM 
6 aug, 96 

geeleties op enauate procesfornuizen  

source: 
1. Delayed Cokere 12  stuks) 	 IJY9NDELL-CITGO Ref  

ge4pfit (1994) 	 Texas  
ULN-branders (Zink) -0 XMR-Infurnox (ND) 

Heater duty -0 94 x 3,75 = 350 mm BTU/hr = 105 MW  
Geen  luvo / COT no data given 
BWT . 1600 °F = 870 °C 
Puel(A)  (vol  V) 	112  .4. 46%, CH, -• 27,5%, C2-C4 	25,8% -0 C3',. 4,Q5k  

-0  onverzadigd  .1,  6,5%  (etheen, propeen,  buteen) 

BEES-corr,  factoren  
BWT -› 1 	(870-760) . 1,2 

555 
Fuel -» 1,46 x 1,0405 . 1,52  

Bestaand:  150 x 1,2 x 1,52 = 274 mg/m3  
Nieuw 	: 150 x 1,52 	228 mg/TO 

2.4.22Q2Pt=e1A_Ir....Q.2r—nircUW: 1.00 mg/m3  

Gemeten:  West Coker max/min -0 108/87 mg/m3  
East Coker -› max/min -0 93/81 mg/m1  

@ 86/82k load 
0 74/83k load 

La Z,-oz.) 

2. ?CC/Feed preheater C19611  

Retrofit  
BWT 760 - 900 °C 
COT < 400 °C 
Air preheat no 

Duty .4,  68 mm BTU/hr 
= 20 MW 

Source: 
ARCO-Anaheim • 

yo compositiqn  (vol  k): 
H2  -4> 17%., C34  -0 7,9% 
C1-C3 	72,34$ Olefine(C2,C3,C4) 
16,3% 
Burner: PSMR/16 MR (ND) - John Zink 

Ruidig  _BEES 	BWT 

Bestaand 	150 x 1,2 x.1, 
Nieuw 	-› 150 x 1,17 x 1 

FG(1,26) 
4 

17x1,08 . 227 mg/n:3  
,08 	. 190 mg/m3  

Concept-eis 	100 mg/m2  (nieuw): 

Gemeten 	53 mg/m3  (0 75%  load)  .24 

1 
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3 	Vac. Etr 

JaW 
BWT = 760 - 900 °C 
COT -› 400 - 600 °C 
Air preheat -'no 
Duty -4. 240 mm BTU/hr 

. 72 MW  

Source: 
ARCO-Anahlim 

rc comp.: same as for 2 

Burner PSMR/17 M (ND) - John Zink 

Huidig  BEES  -4. 190 
Concept-cis -41. 100 

Gemeten -4. 22 mg/m3  

mg/m3  (nieuw) 
mg/m3  (nieuw) 

@ 63% load 

4. Crude Htr (1958) 

Retrofit  
BWT -44,  760 - 900 °C 
COT < 400 °C 
Air preheat -44 no 
Duty -4. 115 mm BTU/hr 

35 MW 

SOUrett 
ARCO-Anaheim 

FG see before 

Burner -44 PSMR-16-RM (ND) John Zink 

Nicl_ig BEES:  227 
190 

C9Dcet.t.-eis: 100 
ire...1012n: 72 mg/m3  

mg/re (bestaand) 
mg/m3  (nieuw) 
mg/m3  (nieuw)  
OD  100%  load  

source!  
ARQQ=Anahalm 5. ggorper (1960) 

Retrofit  
BWT . 760 - 900 °C 
COT -44 400 - 600 QC 
Air preheat -44 no 
Duty 300 mm BTU/hr 

= 90 Mw 

FG : see before 

Burner -› PSMR 15 en 12 - John Zink 

< 
guidj,0 BEES: 227 mg/m3  
Concept 	100 mg/m3  

Gemeten:  49 mg/m3 	100% load  

2 

(190 voor nieuw) 
(nieuw) 
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6. STEAM CRACKER (1972) 

Retrofit  
BWT > 900 °C 
COT -I. > 800 ciC 
Air preheat -I. no 
Duty .4. 56 MW  

Huidig  BEES:  
bestaand:  150 x 1,43  
nieuw 	: 150 x 1,3 
Conceo-eis:  

Gemeten:  64 mg/mi  (0  

Source: 
Borealis  (zweden)  

FG 	20-35k H2, 80-65% CH4  

Burner: PSMR-14 (ND) John Zink 

86% max load) 

x 1,3 	280 
= 195 
130 

mg/m3  
mg/m3  
mg/ms  (nieuw) 

7. )WfPient_htr  (1981) 

Retrofit  
BWT 760 - 900 °C 
COT -I,  < 400 °C 
no air preheat 
Duty 5 MW 

BEES-eis:  150 x 1,2 
150 x 1,3 

Concept: 100 mg/m3  

Qemeten: 48 mg/m3  0 

Soui.ce: 
Huntwqy  

Raff.gas (geen opgave samenstelling)  

ND-burner (bottom fired) 
PSMR-14 John Zink 

x 1,3 . 234 mg/at' (bestaand) 
= 195 mg/m3  (nieuw) 

(nieuw) 
Ska  

90% load  

Source: 
8. 2 x FyrnaceS in chemical plant (1971) 	 MP-c)lemie Vld 

Retrgfit  
BWT/COT: no data given 	PG: ±10% 1.12, 25% CU4, 45% C2-C4, 151; IsT2  
Duty: 7-8 MW 	 Burner: Reel 9 (ND) - LD  Duiker  

gmacept-eis:  70 mg/m3  /100 mg/m3  (bij air  preheat)  - nieuwe inst. 

Gemeten:  70 mg/ms --pronder---air.-9-r-fithe.at 	) 

	

80 mg/m3  - met air  preheat  (< 150 0C)) 	0 60%  load  

e‘, 	30z, 	? 
1i2  '4'141 

3 



£Qurce: 
geste (Finland)  

FG 4 H2 > 40%, CH4 	27%, C2-C4 = 12% 

Burner: Register (FD) - LD  Duiker 
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9. ..r..U4A2XIQ_9  (1975) 

Retrofit  
BWT -b. 760 - 900 °C 
COT -,.. 400 - 600 °C 
Air preheat 4. 300 °C 
Duty -b. 77 MW 

BEES-els: 
factoren  
BWT 	- 1,2 
PG 4,  - 1,45 

Bestaand: 150 x 1,2 x 1,45 = 261 mg/m3  
Nieuw 	: 150 x 1,45 	= 218 mg/m1  

Concept: 130 mg/m3  (nieuw) 

Gemeten: 95 mg/0 (4) 100%  load  
Co 	,fr- 

goqrce:  
10. Refinery heater 	 MobiljSchotlang 

Retrofit  
BWT 4. 600 °C 	natural gas: LHV = 41,9 ?Wm' 
COT -› 260-280 giC 	burner: Air Oil Enviromix 2000/225 ND 
APH no 
Duty -b. 31 MW 

BEE_Q-eis: 150 mg/m3, zowel voor nieuw als bestaand 

C9pcffit,t-eis: 70 mg/m3  (voor nieuw) 

Gemeten: 180 mg/re 49 90%  load 
(excess  air is hoog 	«om historische redenen" - 02  4. 12-15%) 

C12 ; 	- YP 

11. Steam Reformer  (1994) 
SOUr0e: 

UTI 

N22 
BWT 4. b. 900 4°C 	 PG -› 112  bib 30%, CH4  -I,  17%, CO,CO21N2,H20 
COT .4 > 800 °C 
Air preheat 4. > 350 OC 	Air Oil Burner (PD), down firing 
Duty -b. 40 MW 

DEB -eis: 
factoren: BWT 4. 1,43 / FG 4. 1,3 
nieuw 	4. 150 x 1,3 . 195 mg/m3  
bestaand 4,  150 x 1,3 x 1,43 = 279 

Concer&: 130 mg/m3  (nieuw) 

Gpmeten: 101 mg/m1  e 100%  load  

mg/m3  

4 
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12. Steamr,eformer (1984) 

Retrofit  
BWT 	›. 900 °C 
COT 	›. 800 0C 
Air preheat -0 250-350 °C 

PG -p  see before 

Burner: Air Oil (FD), 
down firing 

Source: 

Duty -4,  145 mw 

ggES: 279 mg/m3  (bestaand),  195 mg/m3  (nieuw)  

Conceot: 130 mg/m3  (nieuw)  
t.t2 < 2.0  frfr"*.j  

Gemettn: 64 mg/m3  05) 95* load 

13. fiteamreformer (1976) (160 MW)  

Zonder  low-NO, branders  maar  met air staging (?) 
Luvo .4. 250 °C Ea; 30% 1.12, 13% CH," CO2,CO,N211120 
42 mg/m3  (3% 02)  gehaald bij  50% load 

Source: 
XTI  

14. Oteam Cracker 

Retrpftt  
BWT › 900 °C 
COT -0 ›. 800 chC 
APG 4,  no 
Duty 4,  350 mw 

FG 4. 90% 0.14  + 10% 1.12:  

Burner: 14q-Walrad  (PD) (Air Oil) 

Source: 
BASF 

BEES:  factoren: 1,43 (BWT), 1,1  (PG)  
.4,  150 x 1,43 x 1,1 = 236 mg/m3  (bestaand) 

150 x 1,1 	= 165 mg/m3  (nieuw) 

Ponoep: 100 mg/m3  (nieuw)  

Gpmeten: 52 mg/m3  0 95% load 

.<  

5 
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15. Refinery heaters (1956, 1970) 
aDurce: 
zweed Shell  

Retroft: 
SWT 	760 - 900 °C 
COT 	400 - 600 °C 
APH no 
Duty 25/16 MW 

FG = 25% H2f  41% CH., 34% C3' 
olefins e. 0,1% 

Burner Air Oil (ND) 
Enviromix ND 125 

(PG) BEES,:  factoren: 1,2 (BWT), 1,25 x 1,34 m 1,68 
-4. 150 x 1,2 x 1,68 = 302 mg/m3  (bestaand) 

150 x 1,68 	m 252 mg/m3  (nieuw) 

Concept: 100 mg/m3  (nieuw) 

Gemeten: oudste 
nieuwste 

123 mg/m3  0 90% load, 
-4. 92 mg/m3  0 80% load 

o 

16. Jef. heater (1956)  
als boven: echter  met duty = 11 MW, COT < 400 °C  
gemeten:  82 - 92 mg/m3  0 90% load 

17. q2  kraakfornuis  (1969) 

p.etrgfi  
COT > 800 
BWT > 900 
APH 4 no 
Duty -4. 38 MW 

cf2  

sol4,pe: 
prol Chemie  

4 

* C 
	

FG -› H2: 4-33t, CH: 55-94%, C2146: 0-21% 
*C 
	

olefins: 0-1% 
Burner: Air Oil (ND) WA 3' 

BEES -» 1,43 x 1,33 
1,33 

x 150 
x 150 

= 285 
200 

mg/m3  
mg/m3  

(bestaand)} 
(nieuw) 	} maxima 

Concept -0,  130 mg/m3  (nieuw) 

Gemeten  < 100 mg/m3 	100% load 
C-0 2.1) e4^84? 

18. geformer (1966) 

1.t  
BWT < 760 °C 
COT 400-600 °C 
APH -› no 
Duty 108 MW  

Source: 
nzense Shell  

FG 	30% 112, 35% CH4, 20% C2+3, C34  15% 

Burner: AO (ND), Enviromix 125 S 
216 x 500 kW  

REES -0 1,3 x 1,15 x 150 = 224 mg/m3  (nieuw + bestaand) 

Concept -p 100 mg/m3  (nieuw) 	 ; - A,„ 

Gemeten: 144 mg/m3  (70 ppm) 0 100%  load  
opgegeven, kan het zijn dat dit 70 
moet zijn? 

Mg/M3  

6 
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