
 

 
 

Improving Steel Reheat Furnace 
Performance with the  

ZoloSCAN-RHT Combustion Monitoring System 
 

Overview  

The reheat furnaces in a typical hot strip mill consume the majority of the energy required to operate the mill.  

Because of this, steel mill plant managers are looking for ways of reducing costs by improving the fuel 

efficiency of these furnaces.  Additionally, tighter emissions requirements have plant managers looking for 

cost effective ways of reducing CO, NOx, and CO2 emissions as well.  Monitoring the combustion process 

directly inside the furnace using Tunable Diode Laser Absorption Spectroscopy (TDLAS) provides significant 

opportunities for improving efficiency, lowering emissions, and improving the safety of these furnaces.  Zolo 

Technologies has developed a ZoloSCAN line of TDLAS-based combustion monitoring systems specifically for 

steel industry applications such as steel reheat furnaces, electric arc furnaces, blast furnaces, and basic oxygen 

furnaces.  The ZoloSCAN-RHT system is specifically designed for optimization of reheat furnaces. 

The Problem  
A typical reheat furnace consists of multiple firing zones in series and parallel (Figure 1).  Optimization of this 

type of furnace for best efficiency and lowest emissions requires the ability to monitor combustion in each 

zone separately.  However, aside from thermocouples which can measure temperatures at the top and 

bottom of the furnace, there are few other sensors that are available for this purpose due to the harsh 

environment.  Oxygen sensors are available for use in the cooler convection sections, but these only provide 

information about the furnace as a whole, not the combustion performance of the individual zones. 



 

 

Figure 1: Few sensors are available for use directly inside the furnace. 

The Solution  
The ZoloSCAN combustion monitoring technology is capable of measuring directly inside the firebox or other 

area where the flue gas temperatures are high.  As such, it can be installed to measure flue gas at the exit of 

each zone or within the zone (Figure 2). It measures temperature, O2, H2O and CO in real-time, and delivers 

quantitative, actionable information that can be used for combustion monitoring and control to improve 

reheat furnace performance and reliability. 

 

Figure 2: Diagram of possible locations for ZoloSCAN-RHT paths to provide measurements in a reheat furnace. 



 

The Benefits 
¶ Improved Combustion Efficiency:  ZoloSCAN measures the products of combustion, so it allows operators 

to run the furnace at optimal excess air conditions at all times over all furnace settings.  This approach is 

far superior to relying on air/fuel ratio tables that set a combustion air flow value based on firing rate, but 

do not account for variations in fuel content, fuel and air mixing, or air temperature, density, and 

humidity.   

¶ Zone-by-Zone Optimization:   Because ZoloSCAN measures directly inside the furnace, it can measure the 

combustion gas composition for each individual zone in a reheat furnace.  This allows the operator to 

optimize the air/fuel ratio of each zone individually, not just the overall furnace as allowed with 

conventional sensors that install in the convection section.   

¶ Furnace problem detection and correction:  Measuring combustion gas composition in each zone will 

alert operators to air leaks, controller or actuator problems, water leaks, and poor air-fuel mixing.  In 

many cases, the real-time data can be used to adjust fuel or air flows to compensate for problems until 

they can be repaired.  This is not possible when only fuel and air input flows are measured.   

¶ Scale Improvement: Scale formation in a reheat furnace is a function of time, steel temperature, and 

furnace gas composition.  Measuring combustion gas composition in each zone with ZoloSCAN allows the 

operator to optimize the conditions for the specific zones where the scale formation is taking place.   

¶ Safety: The real-time measurement capability of ZoloSCAN provides real-time status of the furnace so 

operators can identify poor combustion conditions or dangerous situations in the safety of the control 

room.  For example, excessive CO levels measured in-situ by ZoloSCAN can be a signal of a dangerous 

combustion condition. Quantitative measurements can be configured to trigger alarms if certain limits are 

exceeded.  

ZoloSCAN-RHT Combustion Monitoring System 

ZoloSCAN-RHTϰ is an innovative laser-based combustion diagnostic system which simultaneously measures 

temperature, O2, CO and H2O in real-time, directly in the reheat furnace. There are no probes to insert, no 

sensitive electronics near the furnace and no regular field calibration required.  ZoloSCAN utilizes a well 

proven technique known as Tunable Diode Laser Absorption Spectroscopy (TDLAS). Developed in 

collaboration with Stanford University, TDLAS uses lasers tuned to the unique absorption wavelengths for 

each constituent. The technology employed in ZoloSCAN is designed for ultra-harsh combustion environments 

and has been successfully installed on steel reheat furnaces, electric arc furnaces, steam methane reformers 

and over 50 coal-fired boilers around the world. 

ZoloSCAN combines several lasers onto a single optical fiber and then transmits the light across the furnace.  

Light is collected by a receiver and transmitted back to the control rack where the light absorbed by the 

furnace gas is measured to determine the average concentrations for each constituent along the laser line-of-

site path.  Each path simultaneously measures an average temperature and concentrations of O2, CO and H2O. 



 

Multiple paths are arranged to provide combustion information for each individual zone, as well as to profile 

the combustion within a zone.   

 

Figure 3: Diagram of a typical ZoloSCAN-RHT configuration. 

The Instrument Rack (NEC Class 1, Div 2 compliant) houses all of the lasers and other critical electronics but is 

located away from the furnace. The laser beam is transmitted via optical fiber to each ZoloSCAN head 

mounted on the furnace wall. Only small port openings and a line of sight across the furnace are required for 

each laser path.  A simple tube and flange are used to mount the ZoloSCAN heads as shown in Figure 4.  Each 

head also has an automatic alignment mechanism to maintain laser alignment through ambient and furnace 

temperature changes.   

             

Figure 4: ZoloSCAN heads mounted on side of a reheat furnace. 

The objective of any Zolo installation is to provide information that can be directly matched to the furnace 

controls.  On a typical steel reheat furnace, combustion air and fuel are controlled separately for each zone.  

Therefore, the ZoloSCAN-RHT interface provides actionable information corresponding to each of the zones.   



 

Figure 5 shows the ZoloSCAN path layout that was installed on a demonstration reheat furnace.  Figure 6 

shows the ZoloSCAN-RHT user interface.  The data displayed shows a typical operating condition before any 

optimization was performed. Note that the excess O2 values measured for the five zones ranged from 1.6% to 

4.6%.  This is a very wide spread, and is a clear indication of how difficult it was to optimize the individual 

zones properly before the Zolo system was installed. 

  

Figure 5: Side view of the ZoloSCAN path layout for the reheat furnace demonstration. 
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Figure 6: ZoloSCAN-RHT User Interface, showing flue gas temperature, oxygen, and carbon monoxide concentrations BEFORE 
optimization. 

One important discovery that ZoloSCAN enabled was a large air leak in the burner wall of the bottom heat 

zone (BHZ).  This leak is indicated by the exceptionally high O2 measured in that zone. Operators were not 

aware of this leak prior to the installation of the ZoloSCAN system.  After ZoloSCAN was installed, operators 

were able to safely reduce the combustion air flow to bring the excess O2 closer to the desired level, while 

monitoring CO to ensure safe operation until the leak could be repaired. 



 

Zolo Experience on Reheat Furnaces 

ZoloSCAN Measures Process Variations 
The ZoloSCAN system is a great tool for measuring and tracking changes in the combustion process. In Figure 7 

below, the flue gas temperature measured by ZoloSCAN is compared to the average value of the 

thermocouples mounted in the furnace walls. ZoloSCAN tracks the frequent temperature changes as precisely 

as the thermocouples. The temperature offset between the ZoloSCAN measurements and the thermocouples 

arises from the fact that the thermocouples are located near the burners and the ZoloSCAN paths are located 

at the zone exit, where the flue gas temperature is lower.   
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Figure 7: ZoloSCAN temperature measurements vs. plant thermocouples. 

As is typical of many reheat furnaces, this reheat furnace did not have either O2 or CO sensors installed.  

Therefore, the ZoloSCAN data provided the operations team with their first look at the variation of the CO and 

excess O2 over time as the furnace was adjusted to process a wide variety of steel products.   Figure 8 shows 

the variation in the O2 and CO in the bottom preheat zone for normal operation over approximately a day and 

a half.  Note that there are a number of periods where the excess O2 is very high, leading to reduced 

combustion efficiency.  There are also frequent periods where the CO is very high, above 10,000 ppm, which 

can present a safety hazard if the CO escapes through the charging door and into the surrounding work areas. 



 

 

Figure 8: ZoloSCAN O2 and CO data for the bottom preheat zone showing the wide variation in excess air and CO emissions. 

ZoloSCAN Allows Zone-by-Zone Furnace Optimization 
Without an in-furnace combustion monitor, it is impossible to determine the combustion quality of the 

individual zones in a typical reheat furnace. Monitoring in the convection section, where flue gas 

temperatures are lower and conventional O2 sensors will operate, only provides a measure of the overall 

excess air and CO output.  ZoloSCAN provides measurements in each zone, allowing the operator to adjust the 

air/fuel ratios for each zone to optimize the excess O2, while monitoring the CO to ensure combustion stays in 

a safe operating condition. 

While operators can improve combustion efficiency by adjusting the air/fuel ratios manually or by utilizing 

air/fuel ratio vs. firing rate lookup tables, far greater improvements are obtained with closed-loop control to 

maintain the desired excess O2 levels measured by ZoloSCAN.  Closed-loop control ensures that the most 

efficient combustion conditions are maintained in each zone, over the entire firing rate range, as well as over 

varying fuel composition and ambient temperature, pressure, and humidity conditions. In addition, as burner 

performance and air-fuel mixing change over time, closed loop O2 control ensures the proper air/fuel ratio is 

maintained for best efficiency. A secondary loop can be added to monitor the CO values reported by 

ZoloSCAN, and ensure that CO levels stay in a safe range.  Any sudden increases in CO are reported and 

immediate corrective action can be taken.   

The ZoloSCAN-RHT interface screenshots in Figure 9 show the significant improvement that closed-loop O2 

control provides.  One can see that before closed-loop control the O2 values vary greatly between zones, and it 

is particularly high in the BHZ due to the air leak.  After closed loop control was implemented, the O2 levels 

were lower and more consistent between zones, resulting in a dramatic improvement in efficiency. The O2 

levels were also much more consistent as the firing rate in each zone was adjusted to accommodate varying 

steel product in the furnace.   
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Figure 9: ZoloSCAN O2 and CO data for the demonstration furnace a) before and b) after optimization and closed-loop O2 control 

ZoloSCAN Identifies Furnace Problems 
The combustion information provided by ZoloSCAN helps operators identify problems with the furnace such 

as air leaks (reports high O2), controller/sensor/actuator problems (O2 does not vary as expected over 

operating range), or water leaks (reports high H2O). In the case of an air leak, ZoloSCAN can also be used to 

compensate for the problem and minimize the loss in efficiency until the leak can be repaired.  

An example of this is shown in the data in Figure 9a.  Note the unusually high O2 measured in the bottom heat 

zone (BHZ).  This was an indication that large air leak had developed in the burner wall.  Operators were not 

aware of this leak prior to the installation of ZoloSCAN.  After implementing closed-loop control utilizing 

ZoloSCAN O2 and CO data, they were able to safely reduce the combustion air in this zone to a much lower 

level (Figure 9b). The air leak was large enough that the excess O2 could not be reduced to the same target as 

the other zones, but it was reduced significantly from the original value. Note that the increase in CO was 

minimal, indicating that combustion was still operating in a safe but much more efficient condition. This 

improvement saved the plant significant fuel costs until the furnace could be shut down to make proper 

repairs. 

ZoloSCAN Improves Furnace Efficiency 
The real impact of ZoloSCAN is seen in the reduction of fuel usage due to the improvements in combustion 

efficiency.  By maintaining optimal O2 levels in each zone over all operating conditions with real-time closed-

loop control during the months of September and October, fuel use was reduced by 4.3% and 5.8%, 

respectively over the previous two month average.  Figure 10 shows the energy use in mmBTU/ton for the 

months before and after ZoloSCAN was used to optimize combustion efficiency.  The calculated savings on a 

1.5 mmton/year furnace using a fuel price of $4.00 is over $500k/year. 
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Figure 10: Fuel savings enabled by ZoloSCAN. 

ZoloSCAN Improves Safety 
The plant had experienced frequent high CO occurrences in the working areas outside the furnace, but was 

not able to determine which zone of the furnace was responsible.  Data reported by ZoloSCAN showed that 

CO was often very high in the preheat zones, which are adjacent to the open charging door.  Additionally, 

comparing the ZoloSCAN data to data collected by a CO monitor mounted next to the furnace showed that the 

high CO in the working area only occurred when the CO was high in the preheat zones (Figure 11).  

Optimization of the preheat zone combustion to minimize CO at the zone exit would dramatically reduce the 

incidents of high CO in the working areas.  Closed-loop control using the ZoloSCAN data to actively minimize 

CO would ensure this was maintained. 

 

Figure 11: ZoloSCAN data shows that high CO outside the furnace occurs when there is high CO in the preheat zones, near the 
charging doors 



 

Conclusions 
The ZoloSCAN combustion monitoring system can assist steel reheat furnace operators to improve process 

efficiency and safety through controlling air/fuel ratios based on the products of combustion rather than the 

input fuel and air.  Measurements of temperature, H20, O2 and CO directly in the furnace allow optimization of 

each zone individually for maximum performance.  Zone-by-zone combustion tuning to control excess O2 and 

limit CO ensures maximum efficiency, improved safety, and optimal scaling.  Real time data enables the 

operator to identify combustion problems and take action right way, rather than waiting for the problem to 

show up in increased fuel consumption over time.    


