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Overview: Top 5 Priorities, ER & EE

PTAC - TEREE Study 2004-2005: Top 5 Priorities for ER and EE

Petroleum Technology Alliance Canada 

– Technology for Emission Reduction and Eco-Efficiency

1. Venting of Methane Emissions

2. Fuel Consumption in Reciprocating Engines

3. Fuel Consumption in Fired Heaters
4. Flaring and Incineration

5. Fugitive Emissions



FIRE-TUBE HEATER DESCRIPTION
– SCHEMATIC AND 

SANKEY DIAGRAM (ENERGY STREAMS) 

FIGURE 1: Schematic Energy balance 
in a typical fire-tube immersion heater 
(illustration is that of a lineheater).

FIGURE 2: Modified Sankey 
Diagram for Heat Balance of a 
Fire-tube Immersion Heater



Outline (25 min session)

• Overview  – Top 5 Priorities (PTAC – TEREE)
• PTAC – TEREE : the Origin of the “Fire-tube Heater Study”
• Combustion Efficiency. – Excess Air
• Heat Transfer – Fire-tube Design
• Combustion Efficiency – Fire-tube Selection
• Combustion Efficiency - Heat Flux Rate
• Burner Selection
• Burner Duty Cycle
• Combustion Efficiency – Reliability Guidelines
• Heater Tune-up – Inspection Procedure
• Insulation
• PCOG Fire-tube Immersion Heater Optimization Program
• Field Audit Program (NRCAN Energy Audit Incentive Program)
• Conclusion, Q&A



FIRE-TUBE 
IMMERSION 

HEATER DESIGN 
& OPERATION

Combustion Analysis 

– 3 T’s plus Excess O2

Time – Temperature -
Turbulence

+ Excess O2:   approx. 3%

Time at Temperature

“NEW” addition of the 4th T
– Training!

Heat Transfer
- Fire-tube Design

Burner Selection

Duty Cycle EKG/ECG !



PTAC Fire-tube Heater Study
http://www.ptac.org/techeetp.html



- The study built a heater, fired it with several different burners!

Stack Temp, Burner Fuel Gas 
Pressure Monitoring – EKG/ECG!



PTAC Lineheater Study

Primary Air 
Measurement

Fired as 2-3-4 
passes



Burner Vendors Participating

A-Fire
ACL
Bekaert (MCI) (3) 
7 combinations
Eclipse
Hauck
Kenilworth (4)
Maxon (3)
North American
Pro-Fire (2)
Pyronics (4)

10 burner vendors = 25 burners tested



TESTS – OPEN FLAME TESTS



HEATER TEST STAND - INSTRUMENTATION

DCS control and data recording



PTAC Test – Glycol, 2-3-4 passesHeat Transfer
- Fire-tube Design



COMBUSTION EFFICIENCY
- IMPACTED BY EXCESS AIR “MEASURE TO MANAGE”

Combustion Efficiency – Excess Air

The GOOD, the BAD & the UGLY!



Combustion Air Control

As found: fouled flame cell!

Excess air 0.0%

Stack CO >110,000 ppm !

Flame cells are not filters!Excess air baffles!



Excess Air/O2 Control



Preliminary Design
Improved Design

WCH 5-13 “Long and Skinny”

Boundary Lake Salt Bath



COMBUSTION EFFICIENCY
- IMPACTED BY FIRE-TUBE SELECTION

(SENSIBLE HEAT RECOVERY!)



COMBUSTION EFFICIENCY
- IMPACTED BY FIRE-TUBE HEAT FLUX RATE

10,000 
btu/hr/ft2

6,000

~ 76 %

~ 69%



- HIGH PRIMARY AIR INSPIRATION, TURNDOWN, FUNCTIONALITY
- MAXON VENTITE

Burner Selection



BURNER SELECTION
- ECLIPSE



BURNER SELECTION

- HIGH PRIMARY AIR INSPIRATION, 

TURNDOWN, 

FUNCTIONALITY

Primary
Air Secondary

Air

Sec. Air Register



Burner Duty Cycle Management
- short duty cycle at high firing rate vs. 

the longer duty cycle firing at a lower rate



Duty Cycle to the Extreme - This is the consequence of an 
extremely low main burner duty cycle, only the pilot ran, 
condensing moisture in “Products of Combustion”. Water 
accumulates and freezes at the flame cell as it tries to drain out. 
Level rises until even the pilot is extinguished! This is a concern 
for oversized heaters, more common a problem than we accept.



Combustion Efficiency, Emission 
and Reliability Guidelines 4 Pages



Heater Tune-up / Inspection Procedure
2 Pages



Insulation Heat Loss from Vessel Shell
- reduction in lost heat (demand) is a 100% saving, 

adjustments to appliance efficiency, etc. is only partial
Firetube Heater Heat Loss Rate                       

No Insulation Vs 1 inch Insulation Vs 2 inch Insulation 
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“You cannot manage
what you do not measure.”

PCOG Fire-tube Immersion 

Heater Optimization Program



Essential Elements of a

Heater Optimization Program

Executive Summary

• quantify your number of heaters

• identify/understand their service

• quantify how much fuel they are thought to consume

• make assumptions of their current efficiency

• identify the potential efficiency target and savings

• identify how to get there

Statement of Commitment

• Body of the Program Document

Conclusions

TRAINING, AUDITING, MAINTENANCE 

& TAKING ACTION TO IMPROVE!



195 FR – Reboilers: Amine, Glycol …

510 FL – Lineheaters: Glycol, Salt Bath …

11 FT - Treaters

716

Just how many fire-tube heaters do we/you fire!

- Following is an ~ count of both PCOG and third party. If 
we don’t steward the third party heaters, who will.

- Do we/you have heaters operated by third party? 

Overview:  Fire-tube Heater Survey

Target is to audit 1/3 of heaters per year on 3 yr rotation.



- excerpt from “Fire-tube Immersion Heater Optimization 
Program”

Statement of Commitment:

Through our TLM  program, Petro-Canada focuses on 
improvements in the elements of safety, environment, 
reliability, economics and the general management of our 
facilities.

As one of the areas of focus, Petro-Canada had recently 
committed resources and funding to participate in a study to 
review and improve our understanding in the design and 
operation of fire-tube immersion heaters and follow-up with 
implementation to optimize that equipment. Management is 
committed to improving the performance of these heaters 
through expectations of support from Operations, Maintenance 
and Engineering (OME).

PCOG Statement of Commitment



FIRE-TUBE 
IMMERSION 

HEATER DESIGN 
& OPERATION

Combustion Analysis 

– 3 T’s plus Excess O2

Time – Temperature -
Turbulence

+ Excess O2:   approx. 3%

Time at Temperature

“NEW” addition of the 4th T
– Training!

Heat Transfer
- Fire-tube Design

Burner Selection

Duty Cycle EKG/ECG !



Long and Skinny Fire-tube to Improve Heat Transfer
Sept 2006 test heater built, Wildcat Hills Choke Heater
6’ was added to standard fire-tube Flux = 7,000 Btu/hrft2

Vendor made the fire-tube, shell and process coils longer (with fewer 
return bends, lowering coil press drop!) shell dia. finished smaller.

Fabricated cost of steel ended up similar to standard design.

EXECUTION: 1 mm Btu/hr process duty
- Longer, more 

slender fire-
tube is not 
new, many 

older heaters 
were built this 

way and 
exhibited 

better 
efficiency!



PCOG Fire-tube Heater Field Audits

- Petro-Canada has been actively participating in several 
applications pursuing fire-tube heater efficiency improvements.

- Assisted by the NRCAN audit process PCOG is attempting to 
assess 1/3 of our heater fleet/yr. on an ongoing cycle.

NRCAN Industrial Energy Audit Incentive Program
This incentive is designed to help defray the cost of

hiring a professional energy auditor to conduct

an on-site audit at an industrial facility.

http://oee.nrcan.gc.ca/industrial/financial-assistance/existing/audits/details.cfm?attr=24


Fire-tube Heater “Field Audit” Program

- Stack temp and fuel gas pressure to burner orifice are key variables!

EKG/ECG !



Combustion Analysis – O2, Excess Air, CO, NOx, comb. 
efficiency, ambient, bath and stack temp, 



Heater Utilization – New Equip Performance Validation, in this 
case the heater was only firing 31% duty at < 1/3 design firing rate. 

Only 10% design utilization, not ideal for a new heater!

Opportunity to save capital building heaters smarter, smaller!



Summary Sheet of Expected Savings



The means to achieve improved heater efficiency is as simple as:

• training – theory, operations, combustion testing with analyzer,
CMMS (EMPAC)

• manage excess air in combustion
• manage the burner duty cycle
• strive for 82% combustion efficiency (depends on service, i.e. bath 

approach temp)
• provide adequate insulation to reduce energy demand (reduction is a 

100% improvement)
• steward regular combustion analysis and inspection of heaters spring 

and fall, focusing on duty cycles, CO in combustion, excess air and 
stack temperature (fire-tube exit temp)

• integrate burner duty with process demand where possible
• design new equipment to address the items above (burners and fire-

tubes)
• maintain CMMS records of fired equipment
• DESIGN YOUR HEATER TO MEET THE SERVICE – DUTY, FIRING 

MODE, ENGAGE (OME), PRODUCTION AND PROJECT GROUPS!

Conclusion



• Operating with Excellence begins with:

- Overcoming Joint Venture Challenges!

- Working co-operatively with JV partners and Third Party is 
essential to improving the Operation and Energy Efficiency of 
all equipment (both the Operator of Record, JV and Third 
Party), to reduce associated Green House Gases (GHG’s) and 
facility Production Carbon Intensities (PCI).

- Recently announced carbon taxes ($15/tonne CO2e) are in 
effect mid 2007 for large emitters (≥100 kilotonnes/yr per 
facility) and operating beyond their allocated reduced PCI 
levels. This will lead to penalties that can only be effectively 
challenged and equitably allocated when all operating 
companies take on the “efficiency challenge”.

Operating With Excellence - Overcoming Gas 
Processor Challenges





See your EEE/doctor for 
an EKG/ECG!Operating below the 

Burner Stability Threshold 
(BST) is wasted fuel!



Hanlan Field Dehy
– Mole Sieve Regen
Gas Heaters (SALT 
BATH) (SALT BATH), 
2 heaters/train, one of 
each of these 
heaters/train. 

Top Heater, the fire-
tube is rapidly firing 
ON & OFF at higher 
rate wasting energy, 
exhibits higher stack 
temp.

Bottom Heater, the 
fire-tube fires more 
consistent at a lower 
rate, exhibits both 
better heat transfer 
and lower stack temp.

OFF

ON

OFFOFF

ONON
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