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CO2 Reduction Measures for Existing Power Plants

\ 4 \ 4

Improvement of Efficiency Post Combustion Capture

Combustion Upgrading Boiler Control
Adjustment O&M Optimization




1-2. Boiler control optimization system 4
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“ULTY-V plus” is the boiler control optimization system
which can reduce coal consumption and CO2 emission
by connecting with existing boiler control system !

|

Reduction of coal consumption: Approx.1%

B “ULTY-V plus” stabilizes plant control by self-learning
function incorporated with Al (Artificial Intelligence).
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2-1. Basics of boiler master control
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Process Variable (PV) of MSP: Main Steam Pressure To
Turbine
Set Value (SV
of MSP( ) 1 Steam g
Deviation Variable i
(bV)
PID Controller for MSP | PID Coal feeder
Manipulated Variable >
(MV) Coal flow
MW Demand Mill Boiler
—>
(MWD) " FX

® Boiler master control is one of the main

Boiler Master
(BM)

system in Automatic Plant Control (APC).

® Main Steam Pressure is basically stabilized

by PID (Proportional-Integral-Derivative)
control method.
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Coal Flow, t/h
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2-2. Fluctuation factors of coal fired boiler 6
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In coal fired boiler, a combustion state always changes due to following factors.

Soot Blow
Change of

Coal Moisture
Load Change

Fluctuation of

Main Steam Pressure

Switch of Air & Water
Coal Brand Temperature

Ash Deposition



2-3. Basics and problems of PID control (1) 7

P(Proportional) Control

In case of ideal condition

Fuel Function

Setting = Actual

Coal Flow, t/h

Boiler Master, %

Main Steam Pressure

® P(Proportional) control is a fundamental element in PID control.

Set Value

Y Load Change

Process Variable

—
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SV

Time

v PV=SV
" (No Deviation)

Time

® |f there is no deference in setting and actual fuel function, PV(Process

Valuable) becomes same with SV(Set Value) in a short time.
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P(Proportional) Control Y Load Change
Set Value
In case of actual condition sy
. ()]
Fuel Function ) =
Setting ?
o
S Actual DE- Time
= @
o Q .
[ = ) Process Variable
— r\’\—\‘ c . \‘
§ ~Gap g 7 PV
N\
Boiler Master, % ~ Deviation
Time

® |n practical, there is a gap between actual and setting value of coal flow.
® PV(Process Valuable) becomes different from SV(Set Value).

® In order to eliminate the deviation and stabilize Main Steam Pressure,
|(Integral) control is additionally applied.
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P(Proportional) Control ® In PI control, corrective
o action continue until the
> deviation between PV and
0
o =% PV SV becomes zero b
£ / |(Integral) function.
(0]
2 ® Time to eliminate the
(4] . .
= Time deviation depends on the
- setting of plant control
parameters.
Pl(Proportional-Integral) Control ® \When the plant control
v parameters are not suited
>
2 PV to the current boiler
o /\ AN characteristics, it will take
S \/ N SV : . :
3 / time to stabilize Main
2 Steam Pressure.
CEG Time




2-6. Actual situation at coal fired boiler (1) 10
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Gap in fuel function:No Gap in fuel function:Yes

(5) Gap of coal feed:
Increase

---------- (1) Coal feed: ~ =7 N\{_

Y 4 . . .

___________ Liarger than ideall,"

VAN N .

Coal feed

Y Disturbance (Ex: Soot blow) Y Disturbance

Main steam pressure will stabilize :
because of suitable PI tuning |

: (3) Gap of coal feed: Increase
Main steam i (1 cycle: 15-20 min)
L

(2) Pressure rise: Increase

pressure

‘\ (4) Pressure drop:
(Broken line: No gap in fuel function) Increase

® Alagged time that change of coal feed rate respond to main steam pressure is
rather long in coal fired boilers.

® Pressure correction itself triggers fluctuations in main steam pressure,
because the gap in fuel function causes control deviations.



2-7. Actual situation at coal fired boiler (2) 11
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® Since boiler is easy to cool and difficult to warm in general, coal feed tend to
be larger during the recovery of pressure compared to its control even if in the
case of same fluctuation range. [A<B]

® Therefore, the time to increase coal feed for recovering pressure (T2) is
longer than the time to decrease coal feed (T1). [T1<T2]

Main steam pressure

From pressure rise to control

/ \ From pressure drop to recovery

Coal feed: Increase

T2

Coal feed

T1

7

~__ A

Coal feed: Decrease

[N (N ———

Coal feed always tend to be surplus!



3-1. Parameter to monitor boiler condition
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Process Variable (PV) of MSP: Main Steam Pressure

Set Value (SV)

of MSP

Deviation Variable
(DV)

PID Controller for MSP

P1D

Manipulated Variable

(MV)

MW Demand
>
(MWD)

Coal flow

Parameter

BM
MWD

BM
MWD

=1

> 1

BM

MWD 1

Boiler Master
(BM)

Fx

Boiler Condition

Steam

To
Turbine

>

Coal feeder

Mill

Ideal state: Control gain and heat absorption are balanced.
When disturbance happened to boiler, process can be stabilized quickly.

Due to good heat absorption, coal feed becomes smaller.
Small disturbance induces big fluctuation with strong control gain.

Boiler

Due to less heat absorption, larger coal feed is needed to get same output.
Weak control gain makes a time to stabilize MSP longer.
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ULTY-V plus monitors the change of boiler condition by calculating MWD

—

ULTY-V plus outputs correction coefficient that M?/I\\//ID always becomes 1.

-

ULTY-V plus gradually changes the correction coefficient to avoid fluctuation.

® ULTY-V plus will realize the ideal condition where the boiler master is controlled
only by P(Proportional) method.



3-3. Optimization of fuel function 14
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ULTY-V plus optimizes fuel function through a process, where the gap between
set and actual value in the fuel function at each boiler load is corrected. It is
always stored and continuously rewritten in the boiler control system.

Fuel function Correction coefficient
N N
Actual value _ 1.10 e e
Gap .. 5 .
< —-:::) Set value kS 1.05 e ’.. _______C_:_orrectlon
= T & % ' K @ Ccoefficient
é‘ / )/ | S B | ,/ storage value
= c 1.00 * .........................
O 7
2 { 5 @
T O ) 4
B 095 ......................................................
O
090 ........................................................
50 80 100 50 80 100
Boiler master, % Boiler master, %

® Fuel input is controlled based on the correction coefficient stored in ULTY-V plus.



3-4. Installation of ULTY-V plus 15
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Process Variable (PV) of MSP: Main Steam Pressure To
Turbine
Set Value (SV
of MSP( ) i Steam >
Deviation Variable i
(DV)
PID Controller for MSP | PID Coal feeder
Manipulated Variable
(MV) Coal flow
MW Demand Mill Boiler
——>
(MWD) * ! FX
BM
Fuel Function \
LTY-V pl MW demand
e After ULTY
' - €« Correction

Moving Average

Boiler master

Calculation ULTY
Learning correction
factor

Storage, Rewrite

Coal Flow, t/h

-

Boiler Master, %




3-5. Control display of ULTY-V plus 16
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® ULTY-V plus displays current and cumulative reduction of coal and CO2 emission.
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4-1. Effect of ULTY (1) 160MW PF Boiler 17
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Main steam pressure gradually became stable after ULTY-ON.
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4-2. Effect of ULTY (2) 330MW PF Boiler 18
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A test was conducted under a severe condition where the boiler load was changed

from minimum to maximum in around an hour. — Steam temperature was stabilized.
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4-3. Effect of ULTY (3)

Reduction in flue gas temperature

175MW PF Boiler 19
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® Flue gas temperature is decreased because stable combustion and a good heat

absorption state can be maintained.

® Both boiler efficiency and turbine efficiency are also enhanced because power
generation, turbine rated pressure, and turbine rated temperature can be stably
maintained.

°Cc

Flue gas temp.,

Turbine efficiency, %
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Reduction of unburnt carbon in fly ash

@® Continuous stable combustion leads to improve combustion propagation, as a
result, unburnt carbon in fly ash is reduced.

® Because of this, boiler efficiency is enhanced.

A coal B coal
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1 ltems Specification
Consumed power 0.3kVA
Ambient temperature 0-55°C
Humidity 5 -95%
Yokogawa STARDOM

Control device
Duplex configuration

I/O card Non-redundant configuration
Power supply Duplex configuration
I Man-machine function LCD operation
— OS Windows 7 Professional
Width:  700mm HbD 118

Depth: 720mm DVD Multi
Height: 1,350mm

2 The construction work to connect ULTY to existing DCS will fall under
Weight: 180kg

your scope of work. Construction specifications will be submitted.



5-2. Connection method to existing system

— Existing Control System —

Alarm Output: 5 point
On-Off Input: 1 point

ULTY-V plus

DCS

Standard Analog
(4-20mA)
Input: 5 point
Output: 1 point

OPC

OPC Communication
(Ether)

PC

22
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Monitor

® Control signal is separated from data collection. Therefore, the operation of
existing boiler control system is guaranteed when the PC stop in the worst case.

® Standard analog connection includes 5 input (Main steam pressure, Main steam
flow or Power generation, Coal feed, Boiler master, MW demand) and 1 output

(ULTY correction coefficient).
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Business type Once-t.hrough Circullation FIuidizgd bed Total
boiler boiler boiler

Electric power 1 9 1 11
Steel - 15 1 16
Paper - 9 6 15
Petroleum, Chemical - 11 - 11
Cement - 3 3 6
Total 1 47 11 59

® Regardless of the type of boilers and their operating systems, ULTY-V plus can
be installed in a wide variety of plants.

® |t is applicable to a variety of fuels, such as coal, petroleum coke, heavy oil, by-
produced gas, and biomass. However, natural gas fired boilers are not included
because their main steam is stable.
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® ULTY-V plus includes a software that calculates the efficiency and cost
performance of each coal brand in addition to the energy saving function.
® Additional technical services are provided to customers as option using

loT technology.
Power plant ULTY-V plus Option
B ' Energy saving control with Al Periodic reporting
Display of energy saving effect Remote monitoring

Collection of operation data

etc.

Efficiency and cost calculation

Existing control
system * Optional technical services will be expanded in the future.




7-2. Efficiency and cost calculation system

® Efficiency, environmental impact and cost performance of each coal brand is
analyzed based on the boiler data accumulated in ULTY-V plus.

rG ULTY-V plus Efficiency & Cost Performance Calculation System
Efficiency and Cost Performance Report
Calculation resulis of power generation efficiency, environmental R FETTd
e and.mst LR are.summarlzed .Agraph “fhmh Start Date : 2017/5/18 8:00 End Date : 2017/5/21 10:00 T4 hours average is shown as follows.
compare with standard coal are displayed by clicking radio button
Coal Properties Efficiency Environmental Performance Comparison between Standard
Coal and Used Coal
fems SndartCoaly gCoc Codd) Gross Output 1,000.8 MW CO2 Emission Rate per 1kWh Consumption of Fuel [t/h]
Total Maisture [wi%%, AR] 105 19 12 . T
el 5 0 5 Power Generation per 1t-Coal (Raw Coal) Gross B kg-CO2/kWh 182 =
(ross Heasng Value [keallkg, AR] 8373 5440 5,290 Gross 278 MWhit-coal © Net 1.042 kg-CO2/kWh ’
Gross Heaing Vaiue [kealig, ADI 6,30 6,700 6670 © Net 287 MWhit-coal Average Emissions
Neiesna febe fills AT o o S Coalc t 1kWh (Raw Coal ) NOx at De-NOX Inlet 150 026% C 180
i m, onv.
Net Heatng Value [Kealkg, AD] 5,20 6250 6,100 Tl G A S (Raw Coal) x at De-NOx Inle pp
Maistrs [wt%, AD] 45 34 10 Gross 3919 g/kWh © SOx at De-SO0x Inlet 25.0 ppm
Ach [wi%, AD] 120 24 140 Net 4011 g/kWh © Dust at Stack Inlet 10.0 mg/Nm3 178
Wolatle Mater [wi%, AD] 30 412 10
oicle Maser b, AD) = Coal Consumption per 1kWh (25 7MJ/kg Conversion)
Fixed Carbon [wn%%, AD] 505 4380 500 Cost Performance
Fosl Refo 15 1 12 Gross 2969 g/kWh 178 159
= i Fuel Consumption, Fuel Cost
Carbon [we%, DAF] 80.00 .18 7650 ) Net 3038 glkWh
Hydrogen 9%, DAF] 145 545 18 Boiler Efficiency @ Fuel Consumption 175.9 th
Nivogen [wt%, DAF] 180 210 19 ) Fuel Cost 11,924 86 USD/h 174
Suihur (9%, DAF] ) 0% 060 ) Input and Heat Method 956 %, HHV el Gost per T Standard Used
Oxygen [wi%, DAF] 1341 1491 16.20 Heat Loss Method 948 %, HHV
hor I 0 : : Gross 0.02657 USD/KkWh Used Coal) - (Standard Coal) -
Total Sulghur [wa%, DB W55 045 03 Unit Efficiency (Input and Heat Method) ( - )
IDT (0. [Deg.) 1,240 1265 1,300 ) 073 © Net 002719 USD/KWh 5.3 th
HT (0si) Deg] 135 1 1 2 sz 73 %, HHV
FT (O} [Deg ] 1450 1,450 1,490 O Net 3980 %, HHV Fuel Saveing by ULTY-V plus (Estimated Value)
10T {Red.) [Deg.] 1,300 1,250 1,250 (Compared based on the estimation of fuel consumption
- ec. . — Caution is needed for comparing different coal brands, because Fuel Reduction Ratio 154 % " iine time of ULTY-OFF)
HT (Red ) [Deg ] 1330 27 30 the seasonal modulation of turbine efficiency are not corrected
FT (Red ) [Deg] 1430 1465 1480 v;vah‘sﬂlzleedcoal consumption rate and unit efficiency values are Fuel Cost Reduction 183.63 USD/h
Si02 [wi%] 4563 3682 4855 CO2 Reduction 7.06 tCO2h  Calculated with CO2 coefficient 233 tCO2it-coal
ALZO3 [wi%e et 3B 215
3 fwe] = = Fuel saving efficiency by ULTY-V plus is the value estimated based on boiler operation data
TiO2 [w%e] 063 0.9 070
Fe203 [we%] 818 790 530 Coal Consumption Record Remarks
€20 o] &0 ?.02 £al Date Main-Coal Mein-Coal Reio[%] Subl-Codl Subl-Coal Refio[ %] Unit Efficiency (Input and Heat Method)
MgO [w%] 3 310 250 Codth 7 CodB » Used-Coal: 39.80%, Standard-Coal:39.65%
. P C +0.15%
Na20 [wi%] imn R b P = = ot o . g | Efg;sg;n:mh )
K20 fune] 102 08 1.00 CodkA 70 CostB ) Used-Coal: 0.02719USD, Standard-Coal:0.002760USD
F205 [w%] 062 010 050 Cod A 0 CodB ) (Comparison:-0.00042USD})
MnO [wi%e] M 0.05 oM CoakA [ CoaB k)] The part of this data iz MOT an actusl measured value BUT an estimated value.
205 [un%] (') 008 004 CosHA 70 CozB k]
503 [l 219 316 455 CoatA n Coa8 El @ IDEMITSU
] 1 ] » 1 | + ————

25
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8. Summary 26
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® The Paris Agreement, an international framework for global warming
measures, was formally adopted in 2015.

® \We cannot avoid considering global environmental issues as one of the
companies related to coal business.

® |demitsu has developed highly-efficient clean coal technologies through
research on improving energy efficiency and reducing environmental
Impacts.

® “ULTY-V plus” is a system that can optimize the combustion control of
boilers by being connected to the boiler control system, and can reduce
coal consumption through the realization of stable plant operation.

® \We hope to contribute to the prevention of global warming and the
realization of a sustainable society, by reducing CO2 emissions through
the spread of “ULTY-V plus”, both inside and outside the country.



Thank you very much for your kind attention.

& IDEMITSU

Coal & Environment Research Laboratory
Coal Business Department
Idemitsu Kosan Co., Ltd.
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