


Navigating Towards Greener Future in Coal Cumbustion
through Dynamic Coal Flow Monitoring and Balancing System
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RELIABILITY OF GENERATION DURING
FLEXIBILIZATION
Evolve o�ers Technology to manage power 
plant operation to improve performance, 
reliability and safety during flexibilization
operation.

Demand for reliable supply of electricity In 
sync with solar generation.

Coal based power plants at minimum load of 
40 % at day time and full load at night is a 
challenging situation. Continuous ramp down 
and ramp up e�ects the boiler health. 

In order to minimize the ramp up and 
ramp down shocks to boiler needs
parameters to be digitally controlled:

1.  Coal flow balancing
2.  Reduction in fouling 
3.  Oxygen level control 
4.  Optimize combustion
5.  Real time data analysis 
6.  Advanced monitoring and controls
7.  Predictive maintenance

We at Evolve developed a so ware and hardware, so our customers better control the cost of
operations and maintenance. Evolve so ware is real time analytic so ware that helps coal-based 
power plant personals to monitor and analysis the operational parameters so that coal flow
imbalances are minimized. 

It is presumed that all the pipes originating through the milt of carry almost equal coal flow.
But microwave sensors provided data narrates a di�erent story. The highest coal carrying pipe is
carrying 33% (shortest length) of the total coal transported while the longest length pipe carries just 
15% of the total coal flow. In case of 40% minimum total feeding of coal to the mill is maintained
20 MT/ hr. therefore mass flow in pipe 1 is 5.8 mt/hr. Pipe 2 is 6.6 mt/hr. pipe 3 is 4.6 mt/hr. and pipe 
4 carrying 3 Mt/hr. primary air and secondary air combines to provide enough combustion air for 
complete combustion.

If combustion air is su�cient to provide complete combustion to 6.6 MT / hr for pipe 2 then it will be 
hugely excess for 3 MT /hr flow of pipe 4. The resultant would be that due to excess air for pipe
4 flame will be extinguish or vary inconsistent.

To overcome such situations, it is advisable to balance the coal flow. Our flow monitoring so ware 
for steam generators develop to meet requirements of flexibilization.
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Evolve o�ers Technology to manage power 
plant operation to improve performance, 

Demand for reliable supply of electricity In 

Coal based power plants at minimum load of 
40 % at day time and full load at night is a 
challenging situation. Continuous ramp down 



GREEN COAL POWER GENERATION-
Evolve Dynamic Coal Flow Monitoring
and Balancing System

The flow distribution between the coal pipes is achieved as the coal air mixture leaves from the pulverizer 
through a number of outlet pipes, each of which carries coal into one individual burner. The number of 
outlet pipes on a typical mill varies between 2 and 8. The distribution of  primary air throughout the piping 
network is controlled by flow resistances of the  various coal pipes. Because of di�erences in pipe lengths 
and numbers and types of elbows in each burner line, di�erent coal pipes from a pulverizer has di�erent 
flowresistances.

EVOLVE’S DYNAMIC COAL FLOW
MONITORING AND BALANCING SYSTEM
IS CAPABLE OF CONTINUOUSLY
MEASURING COAL FLOW IN REAL TIME
CONDITIONS USING MICROWAVE BASED
SENSORS AND BASED ON OUTPUT OF
COAL FLOW SYSTEM, COAL FLOW
VALVES ARE USED FOR BALANCING THE
COAL FLOWS AND VELOCITY.
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PROJECTED IMPROVEMENTS

The system will benefit in the following areas:

02 EMISSION CONTROL
Combustion optimization techniques results inNOx reduction. Although NOx emissions 
from boilers are influenced by many factors. The most significant factor is flame
temperature and excess primary air velocity. NOx is formed by reaction of nitrogen and 
oxygen present in air at flame temperature of more than 1700 deg C (Fusion temp of ash).
This high temperature results in increase in NOx and ash slagging on boiler tube.

03
HEAT RATE IMPROVEMENT  AND
REDUCTION IN UNBURNT ASH
As against designed e�ciency of 39% Indian projects operate between 28-32% e�ciency.
Prime objective of Dynamic Coal Flow Monitoring and Balancing System is to maintain
Air to Fuel ratio for optimized combustion. Reduction in Fly ash and bottom ash unburnt
and reduction in super heater temperature and reduced slagging. The most frequent cause 
of extreme fuel imbalances is poor tuning of mass flow and velocity in coal pipes. Slagging 
leads to poor heat absorption by boiler tubes that lowers boiler e�ciency. High Velocity of 
more than 27m/s and high volume of coal in burner results in high flame temperature 
(Fusion Temperature). 

01
FLEXIBILISATION
Rapid ramping of generation as per grid demand, down upto 40% technical minimum. 
NTPC has targeted readiness of plants to operate at 40% technical minimum. 

Siemens has carried out Minimum Load Pilot Test at Unit-6 of NTPC Dadri TPS - 500 MW
consisting of 6 Mills (Make : BHEL).

Finding of this report suggest that one of the most limiting factors preventing the minimum 
load being reduced further is “Flame intensity / combustion optimization at low load if
specific coal is less than 0.6”. Report also suggests that main challenges at low load is
combustion behavior, Mill operation behavior and Mill operation data like coal mass flow
patterns in pipes, coal/air temperature to burner.
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Evolve has adopted a novel approach

“Unless we can measure continously, we cannot improve.”
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THE SYSTEM

Evolve Dynamic Coal Flow Monitoring and Manipulation System is an engineered system specifically
designed to meet the requirements of Indian Power Plants operating at high ash content.
With German collaboration - MIC Worldwide, Evolve has  developed a package for real time
measurement of important Coal flow parameters. These include :

1.   Coal Mass Flow in each pipe
2.  Coal Roping Area identification 
3.  Coal Temperature in each pipe
4.  Coal Velocity in each pipe
5.  Coal Flow Balancing with Coal Flow Valves

Coal Flow Monitoring

Evolve Dynamic Coal Flow So¦ware is user friendly so¦ware, which has been designed keeping in
view the parameters which would be most useful from operations and maintenance point of view.
So¦ware has evolved over the years a¦er feedback from plants as well as understanding coal flow
application and find tuning from time to time
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PLACEMENT OF MICROWAVE BASED MASS FLOW SENSORS

Three microwave based mass flow sensors are installed in each coal pipe 120 degree apart as shown 
below. Mass flow sensors are placed in vertical section of the coal pipe, as close to the burner as
possible. These sensors are responsible for measuring mass flow in each pipe and for indicating the 
areas of coal roping within the pipe. 

PLACEMENT OF ELECTROSTATIC BASED VELOCITY SENSORS

Velocity sensor is installed 500 mm above the mass flow sensors. This is electrostatic sensor which  
measures the velocity of coal particles and temperature of coal particles within coal pipe.

PLACEMENT OF COAL FLOW VALVES IN PIPELINE

Coal Flow valves are recommended for installation on mill outlet in order to Dynamically adjust the 
cross-sectional area of area pipe, thereby controlling the pipeline resistance and coal distribution from 
coal mill to coal pipe.



NEED FOR CONTINUOUS MONITORING SYSTEM
FOR EFFICIENT OPERATION
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Graph represents coal mass flow of 1 coal pipe in 3 sections of same plane for a duration of almost
20 hours with constant feeder loading. It can be noticed that Mass flow is changing from 8-9 TPH
to 20 TPH in this duration.
 
One section of pipe represented by Sensor-1 has very high coal flow as compared with other two
sensors Manual equipment currently deployed, Dirty Pitot Tube can be measuring at any point in this
pipe as there can be no knowledge of coal flow characteristics. Any point reading cannot be
considered representative of the coal flow in the pipe.

The coal flow in coal pipes is a Dynamic 2 phase system. Coal flow conditions in coal pipes are
continuously changing based on various parameters like moisture in coal, temperature, velocity,
coal type, coal classification, coal density and many more. It extremely di�cult to simulate / predict
the actual pattern of flow in pipes. It varies not only from mill to mill but from pipe to pipe
under various conditions. 

Manual techniques like Dirty Pitot Tube test
assumes that coal flow in each pipe and at all
time intervals is homogeneous. Hence, 1 or 2
readings in each pipe are considered to be
representation of that pipe for entire duration. 
Coal flow cannot be conclusively by measured
by any point analysis. It is only the study of
trends which can prove useful for analysis of
coal flow parameters. This necessitates the use
of Dynamic and real time system for
Coal Flow Monitoring.

Expected Benefits

Heat Rate Improvement

Reduction In Unburnt Ash

Flame Stability At Low
Loads



NEED FOR CONTINUOUS MONITORING SYSTEM
FOR FLEXIBILIZATION
Balanced coal flow is the requirement of power station as per recommendation of all OEMs.
Traditionally, fixed orifices installed within the pipes are used to balance the clean air flows.
While this can be an e�ective way of balancing air flow, evidence from field measurements
suggests primary air flow balancing has little e�ect on distribution of coal flows between the
coal pipes. Instead, the coal flow distribution among the outlet pipes is a dynamic phenomenon
and is strongly influenced by factors such as mill loading, moisture in coal and coal type.
 
In order to study the impact of coal flow balancing with changing mill loads Evolve has carried
out a test in 250 MW corner fired boiler in India.
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It is evident from the graph that balanced coal flows in the mill gets imbalanced with steep
changes in load without any change in valve position. For steep changes in load, it is essential
to have continuous monitoring for mills and manipulation of valves in order to have a balanced
flow and flame stability for low load operations. These findings are in sync with test runs low
load carried out by Task Force at various plants where lack of flame stability at low loads was
found to be one of the most limiting factors in flexing the thermal units. 



COAL VELOCITY BALANCING IN WALL FIRED BOILER

MASS FLOW BALANCING BY BMW COAL FLOW VALVES

MASS FLOW BALANCING BY BMW COAL FLOW VALVES

Before commencing the test, Coal Flow Valve
setting was kept at the equivalent setting of
BHEL recommended fixed orifice ID.
At original fixed orifice settings, mass flow
distribution obtained is as under: 

REAL TIME DATA OF DEMONSTRATIONS AT
POWER PLANTS:
Evolve has carried out multiple measurement and balancing assignments in
India. To name few Power Plants: 

     2X600 MW LANCO ANPARA (Wall Fired Boiler) 
     2X250 MW DSPM CSPGCL - Korba (Corner Fired Boiler) 
     2X500 MW DVC - Andal (Corner Fired Boiler) 
     2X500 MW TATA - Maithan (Corner Fired Boiler)

Velocity (Pre Balancing) Velocity (Post Balancing)
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REDUCTION IN UNBURNT CARBON AND ASH

PLANT-1 : CORNER FIRED BOILER - 250 MW

PLANT-2 : WALL FIRED BOILER - 600 MW

Improvement
of 10.81%

Improvement
of 17.32%

Improvement
of 5%

Improvement
of 14.27%

2.31%

2.36%

2.59%

0.45%

0.53%

0.55%

Improvement of 5%

1.30%

1.36%

Improvement of 14.27%

0.32%

0.38%
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SYSTEM HIGHLIGHTS
Evolve Dynamic Coal Flow Monitoring System is a Make in India initiative

It’s an import substitute fully developed and indigenised by MSME

Stable flame at flexible operations

Balancing Valves is Patented Technology with more than 1,000 installations in India

Dynamic Coal Flow Monitoring and Balancing is a proven technology under Indian conditions
with the quantified benefits

Excellent ROI of 8 months to 1.5 Years depending on plant to plant and operations

Mass Flow Balancing and Coal Velocity Balancing has potential to improve following plant
operation parameters :

i.        Unburnt Carbon Percentage in Bottom Ash.

ii.       Unburnt Carbon Percentage in Fly Ash.

iii.      Gross Heat Rate

iv.      Super Heater Inlet and Outlet Temperature di�erences

v.       Oxygen Level Di�erences in LHS and RHS of furnace

vi.      NOx Reduction 

Dynamic Coal Flow Monitoring and Balancing System is a very important tool for flexing the
Thermal Power Fleet, where fast ramping is requirement
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CERTIFICATIONS
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