
 
 

CASE STUDY: Linkage-less Burner Control 
Upgrade, 125 HP Steam Boiler in Process Plant 
Background 
CCI Combustion Control Inc. is a gas equipment service provider based in the Fraser Valley that offers turn-key 

boiler upgrade services throughout British Columbia. Linkage-less burner control upgrades are one of the main 

specialized services that CCI offers. 

The key benefits of a linkage-less burner control upgrade are: 

• Improved fuel efficiency → Reduced boiler operating costs. 

• Increased reliability → Reduced downtime and maintenance costs. 

• Better turndown and load tracking capabilities → More consistent pressure/temperature control. 

• Complete digitization → Unlocks advanced remote monitoring, diagnostic and control capabilities. 

The Upgrade Process 
The upgrade was completed on a 125 HP boiler manufactured by Volcano Ltd. The boiler provides high 

pressure steam to various equipment in a food production plant. The boiler is approximately 25 years old and 

uses an integral forced draft natural gas burner.  

Prior to the upgrade, the burner featured a typical linkage modulation control system, consisting of a 

combustion air damper and a gas butterfly valve, mechanically linked together with jackshafts. In this 

arrangement, the damper and gas valve are simultaneously controlled by a single Honeywell Modutrol IV 

rotary actuator. The burner’s firing rate was modulated by a mechanical pressuretrol device, where the firing 

rate is simply proportional to the difference between the actual steam pressure and the predetermined 

setpoint. The burner start-up / shut-down sequences, safety device monitoring and flame supervision were all 

managed by a Honeywell RM7800 Series flame safeguard. This is the most common burner control setup 

associated with steam boilers of this vintage. 



 
 

‘Before’ Photos 

 

CCI removed the original flame safeguard and modulation system, replacing it with a Siemens LMV52 Linkage-

less Burner Management System, consisting of the following major components: 

• LMV52 Control Unit – integrated flame safeguard, ratio control, O2 trim, and PID process control 

• Electronic servomotor installed on combustion air damper 

• Electronic servomotor installed on new gas butterfly valve 

• O2 sensor and temperature sensor installed in flue exhaust 

• Fox Thermal natural gas mass flow meter 

The two servomotors are digitally controlled by the LMV52 with position feedback, offering precise control 

resolution and excellent repeatability far beyond the capabilities of a linkage system. The advanced hardware 

allows for precise air-fuel ratio tuning which maximizes safety, reliability, and efficiency. A dedicated ignition 

point allows the combustion technician to drop the minimum firing rate lower than before, thereby increasing 

the turndown ratio. The flue gas O2 sensor allows the LMV52 to constantly monitor automatically self-adjust 

the air-fuel ratio, compensating for any variations that may occur such as seasonal air temperature changes. 

The principle of O2 trim in a boiler is very similar to the engine management system in a modern automobile. 



 
 

‘After’ Photos 

 

Boiler after LMV52 control upgrade. 

 

Siemens gas butterfly valve & precision actuator. 



 
 

 

Stack O2 sensor and temperature sensor. 

 

New control panel by CCI. 



 
 

Results 
This upgrade created operational cost reductions as a result of improved combustion efficiency, reduced 

maintenance/repair costs, and reduced burner cycling frequency. 

Combustion Efficiency Gain – Excess O2 Reduction 

As a rule of thumb, a 1% reduction in excess O2 yields an equal increase in fuel-to-steam efficiency. Prior to the 

upgrade, CCI measured 8.5% O2 at low-fire (approx. 33% firing rate), and 5% O2 at high-fire (100% firing rate) 

using a portable flue gas analyzer (dry method). After the upgrade, O2 was effectively reduced to 4.4% and 3.6% 

at those same respective firing rates. The boiler is now also capable of running at a lower minimum firing rate, 

improving the turndown ratio from 3:1 to 4.2:1. Assuming an average natural gas cost of $8 per gigajoule, the 

customer will save approximately $4,000 per year from the reduction in excess O2 alone. 

Combustion Efficiency Gain – Flue Gas Temperature Reduction 

Before the upgrade, the boiler had experienced significant sooting problems, likely caused by poor combustion 

that was observed in the middle of the firing range. The soot, being an insulator, resulted in extremely high flue 

gas temperatures as high as 700F. This is a common issue associated with linkage modulation systems where 

the air-fuel ratio is strictly linear, and offers no ability to make intermediate adjustments. This problem is 

effectively eliminated with parallel positioning (linkage-less) controls which allow for an unlimited range of air-

fuel ratio tuning at any point within the firing range. After the soot was removed, the maximum flue gas 

temperature observed was 420F. The result is a fuel-to-steam efficiency gain of approximately 4.9% at all firing 

rates, representing an average fuel cost reduction of $8,000 per year. 

Short Cycling Reduction 

A visualization of the boiler’s load profile over the course of a typical mid-week 24-hour period is shown below. 

The Y-axis represents the relative angular position of the air damper actuator shaft, which is an approximate 

indication of the boiler’s firing rate. This was measured after the upgrade was completed. Here, we see that the 

boiler operates near its minimum firing rate for the majority of daytime hours, followed by a period of high 

demand overnight, while steam is used for equipment sterilization.  

Previous to the upgrade, technicians noted that the burner would cycle on and off frequently during most of 

the daytime shifts. Now, it rarely cycles and spends most of its time running near low-fire. The reduction in 

short-cycling can be attributed to the improved turndown ratio, combined with the intelligent load-tracking 

capabilities of the digital PID pressure control built in to the LMV52. As a result, we expect the client to see 

additional savings and less maintenance costs due to reduced wear and tear. 



 
 

 

Data log of burner modulation as an indicator of load demand over a typical 24 hour cycle. Low fire = 0.494 V, high fire = 2.27 V. 

Maintenance Cost Reduction 

Over the past year, the client spent a total of approximately $4,000 (pre-tax) on maintenance and repairs that 

could be attributed to the burner controls (including soot removal). With the new Siemens controls, CCI would 

expect little to no non-preventative maintenance or repair costs to be incurred for several years, with no 

additional sooting. Therefore, CCI estimates an average future maintenance cost of $1,500 per year moving 

forward. The new components are also be covered by the manufacturer’s warranty. With these considerations, 

the client can expect approximately $2,500 saved in maintenance costs per year. 

Summary of Cost Savings and ROI 
Total Project Cost $51,385.61 plus taxes 

FortisBC Rebate Savings $38,539.21 

Total Project Cost After Rebate Savings $12,846.40 plus taxes* 

Estimated Annual Savings Due to Improved 
Combustion and Reduced Short-Cycling 

$12,000 

Estimated Annual Savings Due to Reduced 
Maintenance  

$2,500 

Total Estimated Annual Savings $14,500 

Expected ROI (taxes excluded) 0.89 years 

*Taxes are calculated based on the pre-rebate total. 



 
 

Additional Feature Improvements 
Automatic Cold Start 

Instead of having an operator manually hold each boiler in low-fire upon initial startup, the Siemens LMV52 

controller automatically does this until the vessel temperature reaches a certain threshold, after which it is 

released to modulate as needed. This saves the operator’s time and ensures that plant startups are always done 

correctly, which reduces the need for tube and refractory repairs over time.  

Advanced BMS Monitoring 

The Siemens LMV5 controller is compatible with Modbus RS485 and BACnet MSTP/IP BMS network protocols, 

offering hundreds of pre-mapped digital parameters for remote monitoring and control. This includes 

convenient parameters such as: Firing rate %, setpoint, actual temperature, flame signal, gas flowrate, O2 value, 

startup counter, hours run counter, current error and historical errors (with details), flue gas temperature, 

combustion efficiency. 

 

 

Disclaimer: The amounts and corresponding calculations contained herein are estimates and approximations only and are 

not guaranteed. CCI Combustion Control Inc. is not liable for or in respect of any loss or damage arising from any amount, 

calculation, estimate or approximation contained herein. 


