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Case Study – Refinery Boilers NOx Reduction 

Problem/Challenge 

Facing the challenges of plant-wide NOx emission reductions, a refining client was facing potential large 

capital expenses and rising operational and maintenance costs.  The client retained Norton Engineering 

to screen low cost options and engineer solutions to meet NOx emission targets.  NEC evaluated and 

helped the refinery implement several NOx reduction options including:  

 FCC COB combustion improvements 
 FCC COB SNCR Process Design and Technology Selection 
 Combustion Turbine HRSG SCR Process Design and Technology Selection 
 Coker COB LNB Process Design and Technology Selection 
 Boilers steam injection Process Design   
 Ammonia system modifications 
 Boilers Induced Flue Gas Recirculation (IFGR) 

 

Proposed Solutions 

After evaluating numerous refinery 

combustion sources, past studies 

under various ownership, 

operational, and emissions 

information, Norton Engineering 

developed a summary of potential 

options with capital and operational 

cost estimates.  Numerous options 

were considered and discussed 

with refinery engineering and 

management. Among the most intriguing and beneficial options introduced by NEC, was to implement 

Induced Flue Gas Recirculation (IFGR) at two of the refinery boilers.  IFGR is the practice of recirculating 

and mixing flue gas with fresh combustion air at the FD fan.  NOx reduction with IFGR installed on both 

boilers was predicted to be approximately 30% (~55-70 TPY) at maximum rate.   

IFGR is commonly practiced in the power industry but rarely implemented in refineries. Due diligence was 

performed by the client and NEC to visit a refinery boiler system with IFGR installed in Baton Rouge to 

obtain information and answer questions to satisfy concerns from the client’s rotating equipment, 

operations, and maintenance groups.  

NEC produced a Process Design Specification (PDS) with performance estimates for emission reduction 

under varying boiler loads and preliminary engineering.  Following the process design, NEC provided 

additional support with vendor coordination and bid evaluations, mechanical system design and 3D 

modeling, PHA participation, multi-discipline detailed engineering, fabrication drawings, project 

management and startup assistance for the project.  FD and ID fan capacity assessments were 

performed, working with the client to collect accurate plant data to confirm viability and reliability of the 

fans with IFGR.  
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Project Outcome 

The first boiler IFGR system was installed successfully during a 

turnaround with start-up in November 2015.  NOx generation 

eventually dropped to 0.038 lb/MMBTU from a starting point of 

0.063 lb/MMBTU – a drop of almost 40%.  Additional operational 

benefits with IFGR were realized which included opacity emissions 

improvement due to increased turbulence in the combustion zone 

and enhanced air/fuel mixing.  Steam temperatures at low load 

operation (a previous turndown limit on the boiler) also improved, 

due to the increased mass flow across the affected superheat 

surfaces.  

The second boiler IFGR was installed during a December 2015 

turnaround and started up in March of 2016.  NOx emissions 

reductions approached 50% on this boiler, well above initial 

estimates. 

Client Benefits 

 Implementation of this project met refinery turnaround schedule goals with no impact on TA work. 

 The project was implemented with very few surprises as the NEC team and client team worked 

well together to clear every hurdle and address operations and reliability concerns throughout the 

design phase. 

 Performance of IFGR was better than predicted in terms of NOx performance. 

 With the addition to the steam injection system design by NEC, boilers now emit 60% - 70% less 

NOx than in 2013.  Low cost options engineered by NEC and implemented at the boilers cost the 

refinery less than $5MM.  Early capital cost estimates by a large engineering company to achieve 

this level of NOx reduction were 10x higher than actual costs. 

 Flexibility of operating the boilers at low load (and low NOx emissions) provides the refinery 

greater flexibility with its steam production.  

 

Contact NEC for more information or to discuss how NEC can help you find innovative, low cost, and successful 
solutions for your emissions control problems 

DEKE LINCOLN 

Director of Business Development 
Norton Engineering Consultants, Inc. 
510 Heron Drive Suite 104 
Swedesboro, NJ   08085 

(973) 394-9330 x100 
(201) 446-7566 (Cell) 
www.nortonengr.com  
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