
Furnace Improvements Services.  

www.heatflux.com   

 
Originally appeared in:       June 1998 issue, pgs 67-80. 

HYDROCARBON PROCESSING     Reprinted  with publisher’s permission. 

 

Revamp Fired Heaters  
to Increase Capacity 
Use these guidelines to ensure a  
successful project 
 
Ashutosh Garg, Furnace Improvements, Sugar Land, TX 

The number of new fired heaters being built is steadily coming 

down in USA. The major thrust in the last 5 years has been in the 

area of revamping fired heaters. The plant operators are trying 

hard to make their operation profitable. They are trying to extract 

maximum capacity from their heaters. Most plant owners are re-

vamping their fired heaters to improve product yield and perform-

ance. A typical horizontal tube box fired heater is shown in Figure 

1. 

Figure 1. Horizontal Tube Box Heater 

Heaters offer a great potential for revamping if done properly. 

Previous conventional wisdom contended that heaters had a use-

ful life of 20 to 25 years. However, if revamping options are 

properly exercised, the life can now be increased to 40 or 50 

years. /in one case study, a client was able to increase a heater’s 

capacity built in 1956 by almost 100%. The road was not smooth. 

But after a few hits and misses, the heater is operating at 200% of 

the original capacity. Here is a summary of all the revamps; 

 

 Process heat duty increased from 26.4 to 52.2 MMBtu/hr\ 

 Heat release went up from 43.3 to 58 MMBtu/hr 

 Radiant heat flux rose from 8,000 Btu/hr-ft2 to 12,000 Btu/

hr-ft2 

 Thermal efficiency increased from 70% to 90%. 

 

Why Revamping? Simplest way to increase the capacity of the 

heater is to fire it harder. Plant operators do it every day. A num-

ber of heaters are over-fired beyond their design limits. This is 

the first step towards revamping. A number of limitations are 

experienced when the heaters are over-fired.  Some of them could 

be:  

 

1. High tube metal temperatures 

2. Flame impingement 

3. Positive pressure at arch 

4. Limitation of ID and FD fans 

Figure 2. Flue Gas Temperature Approach 



Furnace Improvements Services.  

www.heatflux.com 2 

 

Once the limitation is reached, then the heater capacity can 

not be increased any further. These limitations could be due 

to the original design, due to the mechanical condition of 

the heater, or due to operation at new conditions.  Typically, 

operation supervisors first experience these limitations.  

Then they confer with their project and technical service 

engineers and start planning for revamping of the heater at 

the next turn around. 

 

Revamp Objectives:  

The objective of revamping a fired heater is to improve the 

profits by upgrading the heater performance. Revamps can 

be aimed at: 

 Increasing fired heater capacity 

 Increasing fired heater severity 

 Improving thermal efficiency 

 Improving run lengths 
Reducing NOx emissions from fired heaters is a very common 

activity. It also gives an opportunity to the plant operator to im-

prove the performance of heaters and gain some return on the in-

vestment. 

Figure 3. Existing heater convection section. 

Figure 4. The convection section extended into the 

breeching for additional tubes. 

Revamps can range from modifying controls to the com-

plete rebuilding of the heater on existing structures. The heater life 

also gets increased substantially by revamping. Other benefits of 

revamping are that: the expenses are minimal and most of the infra-

structure can be efficiently used. New real estate is not needed for 

putting up new heaters. 

For heater owners and managers, that means higher capac-

ity, higher efficiency, and lower costs.  It is at this stage; pros and 

cons are evaluated in terms of revamping the heater. Next step in the 

revamping process is conducting a field survey.  

Figure 5. Crude heater convection section. 
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Figure 6. Installing an outboard convection section. 

Figure 7. Reactor charge heater convection section. 

Field Survey Revamping concentrates on improving existing 

fired heaters. Hence before the revamping scheme is finalized 

the performance of the heater must be thoroughly evaluated and 

analyzed.  

One of the most significant steps is the field survey. A 

field survey is collection of data and inspection of heater under 

controlled conditions. The data collected includes flue gas tem-

perature and pressure profile, combustion air temperature and 

pressure profile, process terminal conditions, etc. Tube metal 

temperature survey by infrared thermography is another good 

data to collect. If the heater is fitted with air preheating system 

then data for the airpreheater and fans is collected simultane-

ously. Portable temperature and pressure and analytical meas-

urement are used to conduct a thorough survey. Instrumentation 

provided on the heater is mostly inadequate in terms of survey. 

The data measurement is carried out in the field and hands on 

inspection can identify the limitations. 

 

Case Study A heater was fitted with air preheating system. The 

heater was running short on air. The forced draft fan impeller 

was already oversized for the maximum rating. One of the alter-

natives was to replace the FD fan with a bigger fan but space 

availability was a constraint. During the field survey, it was 

found that the suction duct had about 4 inches WC of pressure 

drop, which can be reduced. An oversized suction duct with 

silencer was installed and fan head was increased by 3 inches. It 

was also found that the air flow meters installed were causing 

high-pressure drop. Removing the flow instrument simplified 

the problem. 

 Another observation made during the field survey was 

the combustion air bypass around the airpreheater was closed. 

Opening the bypass reduced airside pressure drop and increased 

the F.D. fan capacity instantly.  

Identifying Changes Next step in revamping is to identify what 

it will take to achieve the objective. The limitations need to be 

identified. The problems need to be diagnosed. One of the ways 

is to rate the heater at current operating conditions and then at 

the projected operating conditions.  Rating at projected operat-

ing conditions will highlight parameters that need attention. It 

could be high tube metal temperature or high fluid side pressure 

drop. High tube metal temperature would require change of 

metallurgy. High fluid side pressure drop requires change in the 

feed pump.  Another alternative is to investigate and eliminate 

the causes of high tube metal temperature or high fluid pressure 

drop. Several scenarios are evaluated and the one that is most 

suitable is selected. A number of factors are taken into consid-

eration like the duration of the shutdown, availability of space, 

and the capital budget.  

 

Revamping Schemes     

Several revamping schemes can increase fired heater capacity.  

The major ones are:  

 Increasing heat transfer area in the radiant or convection 

section  

 Converting a natural-draft heater to a forced-draft one 

 Adding air preheating  

 Adding a steam-generation equipment (improves the effi-

ciency of the fired heater). 
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Figure 8. Three heaters with a common stack 

Increasing Convection Surface. Convection section heat trans-

fer duty can be boosted by the addition of convective heat-

transfer surface. The flue gas temperature approach can be re-

duced to 90°F of the fluid inlet temperature.  This can be done 

by several ways, some of which are described below: 

 

Adding Tubes.Two additional rows of tubes can be installed in 

the convection section of most heaters without making a major 

change as shown in figure 3. Most of the heaters have a provi-

sion for addition of two future rows.  The inlet-piping terminals 

need to be relocated. If space for adding tubes has not been 

provided, the convection section can be extended into the 

breeching to make space as shown in figure 4. 

 

Case Study 

An existing naphtha reboiler heater had a flue gas outlet tem-

perature of 975 F. The feed inlet temperature was only 320 F. 

Client had an option to replace the convection section in kind. It 

was suggested to install a new convection section with two ad-

ditional rows. The new upgraded convection section would 

bring down the stack temperature to 500 F giving an additional 

heat absorption of 5 MMBtu/hr. Client got 10% extra capacity 

and 5% extra efficiency which paid out in less than 3 months. A 

comparison of parameters is given below in table 1. 

 

Replacing Bare Tubes With Extended-Surface Tubes 

A number of convection sections, which were built in 1950-

1960’s was designed with bare tubes. These tubes can be re-

placed with finned or studded tubes to increase heat-transfer 

area.  A typical studded tube provides 2 to 3 times more heat-

transfer area than a bare tube and a finned tube can provide up 

to 8-11 times as much.  One of the common limitations experi-

enced in this revamping scheme is the existing intermediate and 

end tube sheets. Extended-surface tubes of the same size as the 

bare tubes will not fit in the existing tubesheets in the convec-

tion section.  One alternative is to replace the complete convec-

tion section with a new convection section. This takes away the 

tube size restriction.  A convection section with studded or fin-

ned tubes will be compact in height.  It will require installation 

of soot blowers if heavy fuel oil is fired. 

Substituting Finned Tubes for Studded Tubes 

A number of convection sections in the early 1970s and 1980s 

were designed for oil and gas firing. These convection sections 

have studded tubes. These tubes can be replaced with finned 

tubes in gas fired units.   Finned tubes provide larger heat-

transfer surface than studded tubes, and cause much less pres-

sure drop. Finned tubes are less expensive than studs. While 

changing stud tubes with fin tubes, it is important to match the 

outer dimensions of finned and studded tubes. This will enable 

use of existing tubesheets.  

 

Case Study. A crude heater convection section was designed 

using studded tubes for oil and gas firing. Currently only fuel 

gas was being fired. Client was looking for extra capacity in the 

fired heater. Four rows of studded tubes were replaced with 6 

rows of finned tubes (using provision for 2 extra rows). This 

brought down the flue gas temperature with in 100°F of the inlet 

temperature and increased heater capacity by 5%. Figure 6 

shows the convection before and after revamp, required to offset 

the additional tube side pressure drop. In a number of installa-

tions, ceramic fiber has been used as a lining in the convection 

section to reduce the weight of the additional structure. Some of 

the installations have not had a good experience with the use of 

ceramic fiber in the convection section.  

  

 Additional heat transfer surface increases the flue gas 

pressure drop. Lower stack gas temperature reduces the draft 

availability.  This requires rerating the stack for new operating 

conditions.   One of the alternatives is to make the stack taller or 

add an induced-draft fan at the top of convection section. A 

checking of the heater’s existing foundation and structure is 

required to ensure that the additional loading can be safely borne 

by the foundation. Sometimes foundation load limitation may 

not allow either option.   

  

 In such a case, one possibility would be to install a 

grade-mounted stack or to place the convection section and 

stack on a separate foundation. More space will be taken up if 

an outboard convection bank (one mounted on an independent  
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external structure) is added as shown in Figure 6. In addition, 

the fluid pressure drop across the heater will go up. Some 

times a new feed pump is required to offset the additional tube-

side pressure drop. In a number of installations, ceramic fiber 

is used as convection section lining to reduce the additional 

structure’s weight. Some installations have not had good ex-

perience with ceramics fiber in the convection section.  

 

Change of Service 

A number of heaters have steam superheating service or steam 

generating service in the convection section. This service can 

be replaced with the process service in case steam is not 

needed or can be produced elsewhere. Additional heat transfer 

surface will extract more heat from flue gas and thus process 

heat duty will be increased. A number of factors need to be 

taken into account such as tube size and number of passes in 

each service, etc. The complete heater needs to be rerated to 

find out the total impact of the change. It is not economically 

feasible with the streams having high inlet temperatures.  

However, if the heater is fitted with air preheating system, then 

air preheater can reduce the impact of change of service.   

 

Case Study A vacuum heater had a convection section with a 

steam superheater coil. During the revamp, it was converted to 

process service. The firing rate was also increased by 15% and 

the process heat duty went up by 25%. Given below in Table 2 

is the comparison of performance before and after the revamp. 

 

Case Study A reactor charge heater was designed with Steam 

generator in the convection section. It was also fitted with an 

air preheating system. Client was looking for process heat duty 

increase. It was recommended to replace part of the steam 

generator coil located in the convection section with the proc-

ess service. With more heat transfer area in the process service, 

the process heat duty increased by 10%. Another 10% increase 

was provided by firing the heater harder .The convection sec-

tions before and after the revamp is shown in Fig.7. 

 In most of the cases involving convection section 

revamp, it has been found that prefabricating the convection 

section and replacing part or complete convection section is 

economical on installed costs basis.  Prefabrication reduces the 

downtime significantly. Prefabrication also eliminates con-

straints associated with tubesheets, refractory etc. Fieldwork is 

also minimized. 

Figure 9. After the revamp, one heater has its own stack. 

Figure 10. Typical raw gas burner.  

Radiant Section Modifications. The radiant box dimensions 

are usually kept unchanged because of foundations, structural 

steel, burner layout, and heater outlet piping limitations. With 

the box dimensions unchanged, the number of tubes in a box 

will depend upon the tube size and tube pitch. In a typical radi-

ant section, the heat transfer area is typically constant, irrespec-

tive of the tube size. A comparison is in table 3 for a vertical, 

cylindrical fired heater. 

 

Case Study. A vertical cylindrical heater with a process heat 

duty of 112 MMBtu/hr had four fluid passes in radiant section. 

Client wanted to increase the process thruput by 10 % and also 

increase the outlet temperature by 65 F to improve the yields. In 

the existing coil configuration, the pressure drop would have 

increased to 237 psi. This would have required change of feed 

pumps and a number of heat exchanger and the heater tubes. It 

had 88 5-inch tubes in the radiant section at 10-inch pitch. It 

was recommended to replace the existing radiant coil with a 6-

inch coil. 72 6-inch tubes at 12-inch pitch replaced the existing 

88 tubes. The fluid pressure drop was reduced down to 170 psi. 

The use of larger tubes required use of new tube supports and 

guides, floor plate and refractory modifications. Crossovers 

were also changed. Best way to reduce the shutdown time was 

to pre-fabricate the radiant coil in hairpin pieces. Table 4 sum-

marizes the performance before and after the revamp. 

 

 In some cases, existing radiant section is extended or 

a new radiant section is added to the existing radiant section.  

One of the ways to do this is to extend the height of the vertical 

cylindrical radiant section. In some horizontal tube cabin heat-

ers, there is sometimes space available at arch or near the floor 

to install a few extra radiant tubes. That increases the radiant 

section heat absorption marginally by a couple of percentage 

points. 

 In a number of cases, a small box type radiant section 

is added to the existing box heater for getting extra heat duty.  

In some vertical tube box heaters, the box is expanded in length 

and more radiant surface is added. This type of revamp is often 

coupled with installation of extra burners. It can increase radiant 

area by as much as 25%.  
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Case Study. One of the heaters was originally designed as verti-

cal cylindrical heater with integral convection section. It was 

plagued with a radiating cone failure and low thermal effi-

ciency. During the revamp, the radiant section was cut and a 

new cylindrical piece was added to extend the radiant section 

height by 10 ft. The existing radiant tubes were changed to new 

longer tubes. A horizontal tube convection section was added on 

top of the radiant section. This improved the heater capacity and 

efficiency.  

 

Stack Modifications. Stack is the simplest of the three major 

components of the fired heater. It plays an important role in the 

operation of the heater. Its main function is safe and efficient 

disposal of flue gases. If it is not sized correctly, it starts limit-

ing the firing rate by creating a positive pressure in the system. 

Stack is very easy to modify but increasing the height or diame-

ter directly affects the wind loads. Existing heater structure and 

foundation need to be checked for increased loads. It is always a 

good practice to oversize the stack in the beginning to take care 

of future expansions. 

 

Case Study. One of the plants had two atmospheric heaters and 

one vacuum heater in their crude unit. All the three heaters were 

natural draft and had individual stacks. The heaters were box 

heaters with a convection section on top. Client decided to im-

prove the efficiency of the heaters by adding convection section. 

In order to reduce the weight on the foundations, the individual 

heater stacks were taken out and connected with a common 

grade mounted stack.  Later due to fouling of convection sec-

tions, one of the heaters started experiencing positive pressure. 

Field survey indicated that the offtake were causing a high-

pressure drop in the flue gas path. Two options were explored: 

Modifying the offtakes, and installing a new stack on top of the 

vacuum heater. Installing a new stack turned out to be better 

option as it was less expensive and straightforward (Fig.9). 

 

Case Study. A steam superheater in a styrene plant was re-

vamped by adding a radiant section. More radiant surface in the 

form of hairpins and more burners on the floor were added. 

When the revamp was completed, and the fired heater was 

started, it started experiencing positive pressure. It was found 

out that stack did not have enough capacity. Recommended 

solution was to install an ID fan or to extend the stack. 

 

Natural to forced draft. Natural-draft burners require higher 

levels of excess air and have long flame lengths.  The air pres 

Figure 11. Burner layout plans  

Figure 12. An air preheater installed between the convec-

tion section and stack. 

sure drop available across the burners is limited to 0.3-0.6 “WC.  

 The combustion air is induced at very low velocities; 

good mixing of air and fuel is difficult.  This leads to excess air 

levels close to 30-40% for fuel oil and 15-20% for fuel gas. 

Flame lengths of these burners are generally one ft/MMBtu for 

gas firing and two ft/ MMBtu for oil firing.  Flame length of 

low NOx burners is even 50-100% higher than these numbers. 

 Forced draft burners use 2-6 inch of air pressure to 

induce high air velocity. This creates a lot of turbulence in the 

firebox. This leads to a uniform heating of tubes in the firebox. 

The flames are short and stable. A number of plant operators 

have been able to fire heater harder. In forced-draft burners, air 

pressure energy promotes intimate mixing of fuel and air, with 

excess air limited to 10-15% for fuel oil and 5-1O% for fuel gas.  

Forced-draft burners also offer the following advantages:  

1. More-efficient combustion   

2. Reduced particle emission,  

3. Better control of flame shape and stability,   

4. Quieter operation and  

5. Possibility of preheating the combustion air. 

 

A 10% reduction in excess air means a 0.5 to 1.0 percentage 

fuel saving, depending on the flue gas temperature (Figure 2).  

Excess-air reduction normally results in a 2-3% fuel saving, as 

well as in better heat transfer.  

 A word of caution: Excess air reduction is not recom-

mended with low NOx burners. Low NOx burners have high 

flame lengths and reduction in excess air below the design level 

can make the operation more difficult.  

 Replacing natural-draft with forced-draft burners will 

not provide an economic return.  The change can be justified 

when combined with such benefits as higher heater capacity and 

the elimination of flame impingement. It is of benefit for heat-

ers, which have very tight fireboxes. Increasing the capacity will 

require firing harder and this may result in flame impingement. 

In such cases, forced draft burners provide short flame and in-

creased capacity. Flame size is reduced and the firebox tempera-

ture becomes uniform. 
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Figure 13. Waste heat boilers.  

Figure 14. The effect of sulfur on temperature.  

Vacuum Heater: Case Study 

A vacuum heater having natural-draft burners was plagued with 

short run lengths, chiefly due to flame impingement problems.  

Client wanted to replace the burners with Low NOx burners due 

to permit problems. Replacing six burners with six Low NOx 

burners would have worsened the flame impingement. Installed 

three extra Low NOx burners for nine burners solved the prob-

lem. Specifying burners correctly improved the burner flame 

pattern and heat transfer. Figure 11 shows the burner layout 

before and after the revamp. 

  Before replacing natural draft burners, check the 

heater floor elevations, because forced-draft burners require 

ductwork and deeper windboxes. Space should also be available 

for ducts and fans. 

 

Adding Air Preheating System 

Adding an air preheater has remained the most popular way of 

revamping fired heaters.  Every 35°F drop in the exit flue gas 

temperature boosts thermal efficiency by 1%.  Total savings 

range from 8% to 18%.  An air preheater is economically attrac-

tive if the temperature of the flue gas is higher than 650°F and 

the heater size is 50 MMBtu/hr or more.  Heat is recovered by 

means of a combustion air preheater installed between the con-

vection section and the stack (Figure 12). 

 Installing air-preheating system is a major revamp. It 

entails installing forced-draft burners, forced-draft, and induced-

draft fans, hot and cold air and flue gas ducts, and the air pre-

heater.  Space must be available for the airpreheater, fan, ducts, 

and dampers.   

  Two types of air preheaters are currently used with 

fired heaters: the regenerative and the recuperative.  Although 

the recuperative preheater is larger and costlier than the regen-

erative type, it is simpler, requires less maintenance, resists 

corroion, and needs no power.  

  Another preheater is the circulating-liquid type, in 

which a transfer fluid extracts heat from the heater’s convection 

section and heats the combustion air passing through an ex-

changer.  The heater needs only a forced-draft fan.  Because the 

fluid is pumped from a tank through a closed loop, this arrange-

ment is attractive if a hot-oil circulation system already exists in 

a plant.  For low temperatures, boiler feedwater can serve as the 

transfer fluid. 

  With the addition of a preheater, the heater must be 

rerated because air preheating boosts the radiant heat absorp-

tion.  This raises the radiant heat flux and tubewall temperature. 

This type of fired heater can generally be operated (this should 

be checked) at about a 10% to 25% higher duty.   

 

Steam Generation 

Waste-heat boilers and boiler feedwater preheaters are an eco-

nomical solution to recovering heat from heaters that would 

otherwise be wasted.  The flue gas can be cooled to within 50°F 

of the inlet boiler feedwater temperature generating medium-or-

low pressure steam.  Cold-end corrosion limits the flue gas tem-

perature. The inlet temperature of the boiler feedwater must be 

high enough to avoid the condensation of acids. 

 Most heaters that have a convection section can be 

fitted with a small boiler feed-water preheater without the need 

for major modification.  Frequently, an outboard convection 

system with an induced-draft fan and flue gas ducting is re-

quired for waste heat boilers.  With pyrolysis heaters and steam-

naphtha-reforming heaters, waste heat boilers are preferred 

because waste heat represents a good steam source for both the 

processes. A typical arrangement is shown in Figure 13.  

 

Revamping Constraints Efficiency 

The presence of sulfur in a fuel imposes a serious constraint on 

the extent to which heat can be extracted from stack gases.  

About 6% to 10% by weight of the sulfur burned in a fuel ap-
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pears in the flue gas as SO3, which condenses as sulfuric acid.   

 The greater the SO3 content in the stack gas, the 

higher the dewpoint temperature as shown in figure 14. 
 The tubewall temperature should be kept at least 25°F 

higher than the sulfur dewpoint.  A minimum temperature of 

275F is recommended with fuels having a sulfur content of less 

than 1% and 300°F with fuels having 4% to 5% sulfur. 

  Some steps typically taken to avoid flue dewpoint 

corrosion are to preheat the combustion air with low-pressure 

steam or hot water, to recycle part of the hot air from the air 

preheater outlet to maintain a higher air inlet temperature, and to 

use low-alloy corrosion-resistant steel, or a nonmetal. 

 

Other Constraints 

 

There are a number of other constraints that limit the revamping 

options of fired heaters. They are:  

 

 Space availability 

 Capital budget 

 Heater design and construction 

 Shutdown time 

 

These factors in a revamp should also not be overlooked: 

 

 Planning and coordination 

 Ordering equipment as far in advance as possible 

 Site coordination with contractors 

 Working around the clock 

Even if the shutdown period is reduced by a day or delayed by a 

day, it will make a huge difference in the overall productivity. 

 

Conclusion  

 

Heaters offer a great potential for revamping if done properly. It 

used to be thought that heaters had a useful life of 20-25 years. 

 It appears that with the revamping options properly 

exercised, the life can be increased to 40-50 years. I wish to pre-

sent a small case study where client was able to increase the ca-

pacity of a heater built in 1956 by almost 100%. The road was 

not smooth but after a few hits and misses, the heater is operating 

at 200% of the original capacity: 

 

Summary of all the revamps:  

 

 Process Heat duty increased from 26.4 MM Btu/hr to 52.2 

MMBtu/hr 

 

 Heat release went up form 43.3 to 58.0 MMBtu/hr 

 

 Radiant Heat flux went up from 8000 Btu/hr ft2 to 12000 

Btu/hr ft2. 

 

 Thermal efficiency increased from 70% to 90%. 

Electronically reproduced by special permission from HYDRO-

CARBON PROCESSING (June 1998) Copyright © 1998, Gulf 

Publishing, Texas 

 

NOTE 

All case studies presented here have been developed solely for 

the purpose of illustrating approaches toward revamping. Their 

resemblance to any installation may be coincidental. 
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