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Electricity Generation: Power Generation Process and Energy Saving Technology
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EG-PE-1

Energy Conservation Directory

[Industry Classification]

Electricity Gen

[Energy Source]

eration Fuel(general)

High efficiency steam turbine blade

[Technology Classification]
Production Equipment

[Practical Use]
1980’s~

A steam turbine that provides a high thermal efficiency by adopting the latest blade design theories, s

ich as

Outline laminar flow blade (Shrinked blade) with the cross-section of the blade designed to cause the least turpulenc
the steam flow, a nozzle with its tip twisted in consideration of the affect of the outer and inner walls on the tip a
the root of the blade (controlled vortex nozzle), and the multiple fin sealing designed to prevent steam |eak frc
the tip of the blade.

1) The trailing end of the Shrinked blade is thinned, preventing turbulence of steam onthe back of the |pblade.
2) The Shrinked blade has come to be theoretically determined due to the development of the blade design th
Principle and the enlargement of the computer. capacity.
3) As the exit speed from the nozzle is slowed down near the inner and outer walls dueto the influenjce by
& walls, the inflow angle to the rotating blade differs from thetheoretical value.
Mechanism |4) As aresult, loss occurs near the inlet of the rotating blade (loss of attack angle).
5) To solve the above problem, the tip of the nozzle is twisted in the controlled vortexnozzle, thereby miaking t
actual steam flow match with the incidence angle of themoving blade.
6) Other than the above, it has such features as the stop blade attached to the fastening plate, and thg ellipt
processed packings.
The Shrinked blade, controlled vortex nozzle, multiple fin sealing, stop blade, and elliptically processed|packir
are illustrated below in comparison with the conventional types.
[Description] ol % @ ‘[I ]%x
Structure .....l.........L........Jr.........
explanation, ! !
P New ' !
Shape, and/or : :
System 1 1
diagram e S
Shrinked Controlled Multiple fin Stop blade Elliptically
blade vortex sealing processed
nozzle packing
"~ 7 7 Improved section
Fig. 1 Shrinked blade, controlled vortex nozzle, multiple fin sealing, stop blade, elliptically processed packing
Energy saving | Internal heat efficiency of a 500,000 kW-class high-technology steam turbine is 2 - 2.5% (relative valug ) bett

effects

than the conventional type. With the utilization rate of 38%, energy saving is 3,500 kL/y in crude oil equiivalen

[Economics]

Investment amount (A): 400 million yen

Equipment | Improvement effect (B): 200 million yen/year
cost Investment payback (A/B): 2 years
Remarks

[Example sites]
Applied at man

[References] [Inquiry]

y sites The 7th National Conference of Energy Conservatior|, NEDO / ECCJ (JIEC)
“Collection of Energy Conservation Cases”, p. 2413, | JEMA
the Energy Conservation Center, Japan, 1982
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EG-PE-2

Energy Conservation Directory

[Industry Classi

Electricity Generation

fication] [Energy Source]

. . Fuel (coal)
Supercritical pressure power generation

[Technology Classification]
Production Equipment

[Practical Use]
Around 1975

Outline

Supercritical pressure steam is generated in the boiler and used for driving the turbine for power gene

ration.

Conventional
process

1) Conventional steam pressure is around 170 kgf/cm

2) From the Rankine cycle T-s diagram, it has been known that the higher steam pressure produces
thermal efficiency, but it has not been put into practice due to the technological limitation in designing
and turbines.

3) However, the steam pressure was raised from below 100 Rgfécaround 170 kgf/cn

the hic
boiler

New process

1) In the new process, the steam pressure is raised to a supercritical region (higher than 236ikgftasing
thermal efficiency.

2) Consequently, the boiling of water to generate steam does not occur in the boiler. As the water in
phase directly shifts to the vapor phase, the once-through boiler is required instead of the drum typ

3) The relationship between steam conditions and the thermal efficiency of theplant is expressed by th
diagram.

4) High temperature strength under high pressure was the problem confronting the designing of the su
reheater, main steam valve, and turbine blades, etc. However, as high-temperature materials ha
available economically of late, the supercritical pressure generation has come to be often adopted.

5) When the steam pressure is excessively high (300 kyéctnigher), the gross thermal efficiency does
increase much due to the increase of power consumption by the feed water pump.

he ligt
boile
b Rank

perhes
e becl

not

Table 1 Comparison between conventional process and supercritical pressure steam generation process

Process New process Conventional process
Steam pressure | More than 246kgf/cm? 169kgf/cm?
Steam 566/538° C 566/538° C
temperature
Process Turbine _Hi%h pressure in 11 steps medium pressure  |High pressure in 9 steps, medium
comparison in 6 steps pressure in 6 steps
Medium Ni-Cr-Mo-Ti heat resistant alloy steel 12% Cr-Mo-V dloy steel
pressure 1st step
rotor blade
Each unit of the boiler, high-pressure feed —
er%'nsjtrﬁ water heater, and feed water pump need to
9 be made high-pressure resistant.
Minimum load |15 - 25% 15%
Change of load |Fast response Ordinary response
Frequent starts |Suited Suited
and stops
Starting-up loss |Ordinary Ordinary
Start and stop | Takes along time Ordinary
Thermal 1 - 2% higher o
efficiency
. 1.5 times higher for the 246 kgf/cm? class | 246 kgf/cn? class is the standard.
Facility cost
[Economics] Investment amount (A): million yen
Equipment |Improvement effect (B): million yen
cost Investment payback (A/B):  years
Remarks

[Example sites]
Applied at man

[References]

Industry-owned technical materials and datal
boiler makers

[Inquiry]
oNEDO / ECCJ (JIEC)
EMA (for equipment),
FEPC (for operation)

y sites
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EG-PE-3

Energy Conservation Directory

[Industry Classification] [Energy Source]
Electricity Generation

Combined gas and steam turbine generation process Fuel (gas. light il

[Technology Classification] [Practical Use]
Production Equipment 1980’s~

In this combined generation process, power is generated by a gas turbine and a steam turbine, the

atter k

Outline driven by the steam supplied from a heat recovery boiler the exhaust gas of the gas turbine.
Conventional |The previous type of gas turbine discharges the exhaust gas (about 600°C) into the atmosphere witho{it utiliz
process its sensible heat.

New process

1) In this process, power is generated by the gas turbine, and the sensible heat of the exhaust gas (al
is recovered by the heat recovery steam generator (HRSG), and generated steam is used for driving
turbine for additional power generation.

2) The exhaust gas from the gas turbine contains more than 10% of residual oxygen, which can be
preheated combustion air in the industrial furnace.

3) The temperature of the combustion gas at the inlet of the gas turbine is over 1070°C (over 1250°C in
model), and it is around 600°C at theoutlet of the gas turbine.

4) lllustrated below is the system diagram of the single-shaft combined power generator.

- OE OE E E O N E === .
Gas turbine

Combustor
ml

Air %CK‘
COMmpressor l@eﬁ'

-------."-

IEQ{ 1
o8

Waste heat
{ Adr )
Exhaust gas cleanerF

Fig.1 The system diagram of the single-shaft combined power generator
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Improved section

out 6C
the st

tilized
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Process
comparison

Table 1 Comparison between new and old process of combined gas and steam turbine

Process New process Conventional process *
Facility Ea(():_ig(i)%)cost is cheep Facility cost is expensive (100%)
Construction|About one year (to be delivered to the | More than 2 years (on-site assembly using
period ~ |Site asaunit.) delivered components)
Gas (LNG, natural gas)hli ht fraction | Selectable from a wide range including heavy

Fuel oil (naphtha, kerosene, light oil) fraction oil, crude oil, and coal, as well as gas

and light fraction ail.

Power About 48% with a 150,000kW class Tt ; -
: ; AT} About 42% for 1 million KW generation.(Single
generation |generator (7 units for Lmillion kW (it with alarge capacity.)

The multiple unit configuration Because of a single unit with a IarPe capacity,
Others aleviates reduction of generation, reduction of ?eneranon isinevitably large in
capacity due to troubleof one unit. case of trouble. (High reliability isTequired.)

* Note: The conventional Process compared here is the Boiler Steam Turbine Power Generation P

fOCess

[Example sites

Applied at many sites The Agency of Natural Resources and Energy, “1990 Energyl G#PO / ECCJ (JIEC)

[References] [Inquiry]

servation Directory,”p.520, Research Comittee at Ministry df J&EMA (for equipment),
ternational Trade and Industry, 1989 FEPC (for operation)
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EG-PE-4 Energy Conservation Directory

[Industry Classification] [Energy Source]
Electricity Generation Waste heat i Electricity
[Technology Classification] aste neat recovery power generation [Practical Use]
Production Equipment 1970s~

In this process, thermal energy of the high temperature exhaust gas, which was previously wasted, is

'ECOVE

New process

lllustrated in the diagram below is a hew waste heat recovery generation process.

Fig.1 Diagram of the process
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Outline ; : . ) : N >
being converted into steam in the waste heat boiler, and is used for driving the steam turbine to generate elect
power.

Conventional |Previously, waste heat was not utilized, and electric power was generated by driving the turbine wi
process generated by the combustion of fuel in the boiler.

Process
comparison

Exhaust gas ‘
P .- .
s = = a Improved section
Table 1 Characteristic of waste heat recovery generation process
Process New process (No corresponding conventional process)

o Depending on heat volume to be recovered(steam volume), there is a wide range
Facility | from & sl type to a large type. ( ) J

Q) 'll'he waste heat boiler should be flexibly adaptable to the actual installation

out.

(2 Taﬁ/e exhaust gas should involve low pressure loss, and desirably a low pressure
fan should be adaptable. o

. 3) Dust accumulation in the heat exchanger tube, and resultant deterioration of heat

Specifications transfer efficiency, should be minimal’. o
of the (4) In case of exhaust %as containing corrosive gases, designing should be such that

equipment the temperature of the heat exchanger tube be not in arange to cause low or high

temperature corrosion. ,

(5) For the purpose of recovering heat from the exhaust gas as much as possible, a
Ereheater for feed water is needed. o

(6) %he purpose of increasing turbine efficiency, superheated steam should be
used.

Not necessary ?utilization of exhaust gas heat).But in case the exhaust gas.
Fuel temperature is low or when the gas quantity 1s small, supplementary fuel is used.

Quality of the |The electric power is used as auxiliary power, and in case of emergency, a separate
product power supply is needed.

Energ)]{é?ving The generated electric power is considered to be a 100% energy-saving product.

[Economics] | Investment amount (A): million yen
Equipment | |mprovement effect (B):  million yen
cost Investment payback (A/B): years
Remarks
[Example sites] [References] [Inquiry]
Applied at many sites The Agency of Natural Resources and EnefgyNEDO / ECCJ (JIEC)

"Energy Conservation Facility Directory,"P43p, JEMA

The Energy Conservation Center, Japan, 198
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EG-PE-5

Energy Conservation Directory

[Industry Classification]
Electricity Generation

[Energy Source]

Fluidized bed combustion coal fired boiler Fuel (coal)

[Technology Classification]

Production Equ

[Practical Use]
Early 1970's

ipment

In this boiler, the gravity of particles is countervailed by the upward drag of the air, and the particles are f
being handled like a fluid. The fluidized bed is composed of inactive particles like silica or desulfuriz

uidize:
prs like
) stear

Outline limestone (which are called a fluidizing medium), into which coal is injected for combustion, generatin
for power generation.

1) As the gravity of particles is countervailed by the upward draft of the air, fluidizing the particles, th
correlation between the particle diameter and the air pressure, and a higher air pressure than that of
is required.

Princinl 2) Fuel particles of coarse diameters can burn well. So, no coal pulverizer is required for this system.
ple ; - o A

3) There is no practical restriction on the stay time of the fuel.

& 4) As the thermal transfer between the medium and the fuel particles is rapid, the temperature quickly
Mechanism which enables quick ignition and smokeless combustion.

5) Likewise, as the heat transfer coefficient between the heat transfer surface and the fuel particles is
large, the heat transfer area need not be large.

6) The fluidized bed is available in two types, the bubbling type and the circulation type. As regards inng
pressure, two types are available; the normal pressure type and the pressurized type.

ere is
the bt

ncreas
extren

r furna

[Description]

Structure
explanation,
Shape, and/or
System
diagram

1) The bubbling type is usually operated at a superficial velocity of 1 - 2 cm/sec, without carrying ¢

ver th

fluidizing medium out of the furnace.
2) The circulation type is operated at a superficial velocity of 4 - 10 cm/sec, carrying over the fluidizing
and part of the fuel toward the furnace top.
3) The carried-over particles are collected with such device as a cyclone, and recirculated into the fur
4) The constructions of the bubbling type (left) and of the circulation type (right) are illustrated below.

RH : Reheater
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; Y
:/ - ole q?/RH/SH Steam drum —{"
i' - T ! Superheater : Eé
5 = = Economizer High temperature, 5i"““.a£
D oe 7 yclone i
} , Furnace — ] | !
At oy T S
""ﬁ;'- - F- “\\"- T 1 i Lime % |f_____
' : 7= . | | - ™ stone
: Y Coal Feedmg(q)} g* ; feeding !
t : inlet u ; inlet
! =~ Evaporator — : H
ok S
% ; ‘ Upper bed - q ¢ F‘]’Duch barner
@ ~ ; ' SH ! =
—Lower bed — : ' Lg_
RH / /d ! Fly ash
SH Cooling A Ash silo

Fan for cooling

water inlet -
bottom ash o High-pressure

blower

Fig.2 Circulation type

Fig.1 Bubbling type

:[;CG.

ediun

Energy saving
effects

Energy saving effect As coal which is not easily grinded can be used in coarse particles, a coal pulveriz
needed, saving power consumption by the pulverizer. For example, with a 500,000 kW power generati
it can dispense with 3 sets of 940 kW pulverizers (2820 kW in total).

er isi
pn boil

[Economics] Investment amount (A): million yen
Equipment | Improvement effect (B): million yen
cost Investment payback (A/B): years
Remarks

[Example sites]

Applied at many sites

[References] [Inquiry]

The Japan Society of Mechanical Engineers, “MechanhEDO / ECCJ (JIEC)
cal Engineers’ Handbook (Advanced),” p. C7-9, SepiEMA

1991
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EG-PE-6

Energy Conservation Directory

[Industry Classification]
Electricity Generation

[Technology Classification]
Production Equipment

. . . . E S
Pressurized fluidized bed combustion composite coal [E|2§{r‘ci]é/ityource]
fired power plant (PFBC) [Practical Use]
1970s~

t powe

outli The pressurized fluidized bed combustion composite coal fired power plant (PFBC) is a highly efficier
utiine generation plant using coal as a fuel.
Principle & | A ceramic filter is adopted to perform precision dedusting under the condition of high temperature and hi
Mechanism | Pressure for the first time in the world.

[Description]

Structure
eXplanation, Dust collector Escape valve for recovered heat
Shape, and/or {Ceramic filter) (Cyclone) Pressure vessel Ash storage bollle
System
dlag ram Lime and limestone Fmm i - -
U
i " : - momomom oy
. © Dy 1
: . e ! Generator
Exhaust gas | . To ash handling system . ] 1
l : | 1 Steam '
: Rock i « turbine .
High temparature .., .puq... 'lzo.[?per .
gas shut-off valve %— : | '
: - - - ;1; --- ; | Condgnser
: . |Boiler
1 . . ! Chreulati Cooling water
] l : !plﬂrcll; ating . (sea water)
:Eenerator M ! Circulating water pump
: e . oot e (5 Condensate pump
1 . . combustion =& | | Ash handling ! Low pressure water
! : v i system Boil. I suppy heater
B omomomomomomomomomomom o om ol oiler
- : i - Water supply for bmler Water suppl)i' |
: ‘Bxhaust , =TTt [ pump 7 Txhaust Chimney
L mee T oy o ] =
.......... o | - VY sssasnsnewvus \..’\' [ S

The dry feed rock hopper system, a highly efficient feeding system, is adopted for fuel feeding The fu

pressure vessel.

After combustion and desulfurization of the fuel, the combustion gas is passed through a cyclone and
filter to be dedusted to the level of a few mgANmand then fed to the gas turbine. The steam generated fr
fluidized bed boiler is fed to the steam turbine in the same way as the previous type of coal fired powe
tion system. Fig. 1 shows a diagram of the outline ofthe system.

High pressure second heat Denitoration High pressure first heat
recovery, water supply and  apparatus recovery, water supply and
heating machine heating machine

Improved section

Fig. 1 Diagram of the outline of PFBC (pressurized fluidized bed combustioncomposite coal fired plant)

p| coal

crushed and dried, pressed together with fluidizer limestone, and is fed to the fluidized bed boiler inside t

A cera
bm the
r gene

effects

Energy saving

The total efficiency of the plant reached the performance of more than 41% (HHV), which is equal to

mately 5% reduction in crude oil equivalent in comparison with a coal-fired power plant of the same s

RPProX
ze.

Applied at many sites

Journal of th Japan Society of Mechanica
gineers (1998)

[Economics] Investment amount (A): million yen
Equipment | Improvement effect (B): million yen
cost Investment payback (A/B): years
Remarks
[Example sites] [References] [Inquiry]

INEFBO/ ECCJ (JIEC),
JEMA (for equipment),
FEPC (for operation)
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EG-ME-1

Energy Conservation Directory

[Industry Classification]
Electricity Generation

[Technology Classification]

Rotating regenerative air preheater automatic seal

gap controller

[Energy Source]
Fuel (general)

[Practical Use]

Machine & Equipment 1980s

outl A device to prevent air leakage in a rotating regenerative air preheater (hereafter referred to as A/H) adppted i
utline medium to large capacity boiler.

o 1) Air leakage occurs through the gap between the rotating part and the stationary part of the A/H towa}d the «

Principle side (ordinarily about 10%).
& 2) The air leakage is caused by such factors as the radial seal at the high-temperature side, radial segl at the
, temperature side, and post and axial seal entrainment (residual air in the heat conductive elementg).
Mechanism | 3) Ajr leakage from the radial seal at the high temperature side is the most conspicuous, accounting fof 40 - 5
of the total air leakage.
1) The radial seal functions when the gap between the sector plate and the heat conductive element is kept w

[Description]

Structure
explanation,
Shape, and/or
System
diagram

a designated width (1.8 0.2 mm).

2) The above gap changes in accor-
dance withthechange of SUChfaG m @ m c e c = = = = = = = =

tors as the boiler load and gas tem-
perature. In this equipment, the gal
is measured by a non-contact typ
gap sensor and is controlled within

Driving
motor

a designated width by automatia
up-and-down movement of the exa
ternal end of the sector plate. Thge

axis side canfollow the expansion
and contraction of the rotor, and
change of gap is minimized. lllus+ =
trated at right is a concept image
showing this unit attached to th

A/H.

—~ — —{Controller

-

High-temperature side

Low-temperature 51de e—e—Li—=-Rotot

1 Exhaust gas

Improved section

Fig.1 Construction of rotating regenerative air preheater automatic seal gap controller

Table 1 Energy saving effect by the remodeling

Energy saving Air leak rate | Forced draft power Heat recovery
effects Before installation 8.32% 3,097.6kw (Standard)
After installation 6.19 % 3,038.6kw +903,000kcal/h
Reduction rate 213 % 59.3kw 96 liter/h(oil equivalent)
[Economics] Investment amount (A): million yen
Equipment | Improvement effect (B): million yen
cost .
Investment payback (A/B): years
Remarks

[Example sites]

Applied at many sites

[References]

p.199

The Energy Conservation Center, Japan "1
Collection of Energy Conservation Cases (|

[Inquiry]
o®NEDO / ECCJ (JIEC)
),JEMA
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EG-ME-2

Energy Conservation Directory

[Industry Classification]
Electricity Generation

[Technology Classification]
Machine & Equipment

Carbon-sealed regenerative air preheater for boiler

[Energy Source]
Fuel (general)

[Practical Use]
1984

Outline

The regenerative air preheater for a boiler (hereafter called A/H) has intrinsic air leak due to its strucfure, a
carbon sealing has already been adopted for a vertical type A/H below 265,000 kW in capacity. Adopt
carbon sealing for a large capacity horizontal A/H has also been examined.

on of t

Principle
&
Mechanism

of the rotating body has been examined.

1) Leak (leak from between the circumferential area of the rotating body and the housing) from the circ
at the high and low temperature sides where leak occurs comparatively frequently is minimized.
2) Adoption of the carbon sealing for large capacity horizontal A/H characteristic of large thermal deformatio

IM-Sex

[Description]

Structure
explanation,
Shape, and/or
System
diagram

[Before improvement]

e Therotor is thermally deformed at the time
of operation, and at the same time the circum-
seal undergoes thermal deformation, generat-
ing a gap, resulting in an increase of leak.

Rotary housing

o
N\

AN

\
F)

R
T,

Leaking air ‘

Fig. 1 Circum-seal

T

Leaking Eliji(umfseal

4

/Cicum-seal plate

Housing

In

= / Rotor shell

=N

Fig. 2 Conventional circum-seal

[After improvement]

Inconel has been adopted for the spring since it
characteristic of little damage by expansion and
traction, of spring.

Housing
XLLLL YL L L L L
|@:~E 1 1 ?Fﬂﬂ 1
GassideII = = = *
X /- CErbon
Spring seal
e
T S ——
[ (|
Airsic‘f-L-. ==y
[ ] [ ] [ ] ‘ [ ]
B - [ -a: = i
Y777 7 7 A
Fig. 3 Concept diagram of carbon seal attachment
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h DOUNINYi i

Carbon
;
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/
[ ]

1 1Rotary

gside

N

= m m omom

Sealing

Improved section

Fig. 4 Structure of the carbon seal

has a
con-

Table 1 Energy saving effect by the remodeling

ECCJ

Energy saving Air leak rate of the regenerative air preheater (%) | Converted effect by the reduction of leak (%)
Before After ) Boiler Gross thermal Net thermal
effects remodeling remodeling Reduction. efficiency efficiency efficiency
16.4 7.8 8.6 0.27 0.12 0.14
[Economics] | Investment amount (A): million yen
Equipment | improvement effect (B): million yen
cost
Investment payback (A/B): years
Remarks
[Example sites] [References] [Inquiry]
Applied at many sites “Energy Saving Journal” Vol.39, N0.3(1987), \’;‘5\?2 /'ECCJ (JIEC)
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EG-ME-3

Energy Conservation Directory

[Industry Classification]
Electricity Generation

[Energy Source]

Separate type heat pipe exchanger Fuel (general)

[Technology Classification]
Machine & Equipment

[Practical Use]
Around 1980s

Outline

When wet-type desulfurization is applied to a power generation boiler, some problems are caused sucl
ficient diffusion from the stack and occurrence of white smoke (white steam), because treated gas is d
from the stack as moisture-saturated gas at 52 - 56°C. To solve these problems, this equipment reheats
exhaust gas through the heat exchange with the inlet gas to the desulfurization equipment.

as; in
ischar
the tri

Principle
&
Mechanism

1) Low-sulfur, low-dust fuel like kerosene or light oil was previously used for reheating the treated gas.
are combusted in the after-burner furnace, and generated high-temperature combustion gas was m
the exhaust gas, raising its temperature up to around 83°C.

2) This equipment is a heat exchanger utilizing heat pipes. It heats the exit gas by the inlet gas to the
rization equipment.

3) In this heat exchanger, the heating unit and the radiator unit are separated and connected via pipes.

4) Consequently, these two units can be installed in positions separated vertically or horizontally. Thig
gives much flexibility on where to be installed along the gas flue.

They
ixed w

desulf

featur

[Description]

Structure
explanation,
Shape, and/or
System
diagram

The layout of the installation of this equipment is shown below.

1
1| . <Heanmedivg steam piping _ 1 4
. it
: [ ] [ ] [ ]
i ! Y S
Desulfurization "} . L
equipment 1 . 1
: g (Low !
1 1 temperature '
LN side) . Desulfurization inlet gas
[ ]
I I 1 flue
¥ (High temperature side)
1
1
' "~ 7 7 Improved section
v ]
1
: Note :At the low temperature side, dra|
- fium drain oi is the heat medium. In the case the |
g oAb medium. drain piping temperature side is located at a low
[ ' position than the hightemperature sic
U I itis needed to install a drain pump. (
' . _ the reverse case, the drain pump is
v T =TT 4% Drein pump needed.)

Fig.1 Allocation example of separate type heat pipe exchanger

n
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er
e,

hot

Energy saving
effects

1) Additional release of SOx and dust is less than an after-burner system.

2) Low running cost and high reliability.

3) In comparison with the after-burner system, burner fuel cost can be saved by 20 - 35 liter/kWh.
4) With a 500MW class of boiler, saving of approximately 15000 kl/year is possible.

[Economics] Investment amount (A): million yen
Equipment  |Improvement effect (B): million yen
cost Investment payback (A/B): years

Remarks

[Example sites]

Applied at many site

[References] [Inquiry]
The Agency of Natural Resources and Energy, "Thermal HOWEDO / ECCJ (JIEC)
SGeneration Handbook,"p.460, Denryokushinpousha, Feb.|190®RI1A

or other industry owned materials and data of makers.
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[Industry Classification]
Electricity Generation

[Energy Source]

Removal method of scale Fuel (general)

[Technology Classification]
Machine & Equipment

from inside condenser tubes [Practical Use]

1989

Outline

The ball cleaning method for removing scales deposited inside the condenser tube becomes less effective as

goes by. The method introduced here is free from such deterioration, and is able to restore and mainta
exchanging effectiveness of the condenser as designed.

Principle
&
Mechanism

1) For removing scales deposited inside the condenser tube, cleaning with sponge balls, 26mm dia., V
ously used.

2) Sponge balls eventually lose their surface roughness, or become deformed, and become unable to
inside wall closely.

3) Hard scales that cannot be removed by the sponge balls are gradually deposited.

4) Soft scales consists of silica and organic substances, and hard scales consists of manganese subs

5) As a result, the vacuum of the condenser deteriorates from the original level by about 5mmHg.

n the

jas pre

ontac

ances

[Description]

Structure
explanation,
Shape, and/or
System
diagram

1) In order to make the balls contact
the wall more closely, the previous
balls are replaced with sponge balls
of 27mm in diameter.

2) The previous balls are replaced with
balls as below that can remove hard
scales.

*Plastic-coat ball (G ball) This ball
has a rather strong cleaning power,
but not so powerful as to remove (mmHg) 77T o FRRE
anti-corrosion coating on the inner - : —
wall. 11/11 11/20 11/30
*
E;Bdﬁsﬂhsagglclj rfgsrgoégrgﬁgrglgggi%ﬁg.l Change of vacuum after the adoption of the above cleaning method
power, and may possibly remove the
anti- corrosion coatingon the wall.
The G ball of 26mm in diameter is
applied this time.

3) Improvement of cleaning method
Cleaning is conducted once a week,
or when the vacuum deteriorates to
3mmHg. First, 27mm dia. sponge
balls are used, and if the vacuum is
not recovered to the original level,
26mm dia. G balls are used next
time and on.

4) Figs 1&2 shown at right are the
change of vacuum after the adop-
tion of the above cleaning method
and ball cleaning flow diagram.

deterioration

Vacuum

Steam

J

Condenser

X
a3

o
i J
©oo00g 0°
©
:n\/:ﬁ

]

LiLd b

X l' n; Condensate reservoir
‘ 7| Ball recovery unit
- = 5

Imporoved

Fig.2 Ball cleaning flow diagram section

Energy saving

When applied to a 250 MW coal fired power plant (operating rate 82.2%):
Deterioration of vacuum  Saving of fuel (under rated output)

Before improvement: 6mmHg

effects After improvement : ImmHg 0.65ton/h

[Economics] | Investment amount (A): 0.3 million yen

Equipment | improvement effect (B): 37.4 million yen/year (operated for 300 days)

cost
Investment payback (A/B): 0.007 years

Remarks
[Example sites] [References] [Inquiry]
Hokuriku Electric |The 16th National Energy Conservation Conference, "L98(EDO/ECCJI(JIEC)
Power Co. Energy Conservation Case Collection,"p.231, the Energy

Conservation Center, Japan, 1991
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[Industry Classification]
Electricity Generation

[Energy Source]

. . . . Electrici
Air cooler for gas turbine combustion air Y

[Technology Classification]
Machine & Equipment

[Practical Use]
1970s~

Outline

An unvented type gas turbine has a characteristic that as intake-air temperature rises, the output drops.

main cause of the power drop in summer time of a combined steam and gas turbine cycle power plan

thermal efficiency. As a countermeasures for it, an air cooler using a spray nozzle utilizing latent hea}

has been developed.

Principle
&
Mechanism

;

70% /

/Relanve h\n‘mdﬁy
60%

;
1C0%

23, :t,\

[Working principle of cooling of the air for combustion] (refer to
Fig. 1.)

When the dry-bulb thermometer (DB) indicates 30 °C and the weﬁm‘fﬁﬁf‘y‘“‘““ o
bulb thermometer (WB) indicates 23.5°C, relative humidity (RH) is /L
60%. In this case, cooling by water injection is performed with
humidifying effect of 23%, RH becomes 70 %. As the result, DB
temperature becomes 28.2 °C and WB temperature, 23.5°C respec-
tively.

.01688

. Absolute humidity

0.01603

\\ (kg kg]

i Wet-bulb
temperature

28.2 30.C
Dry-bulb temperature (°C )

Fig. 1 Humid air diagram

[Description]

Structure
explanation,
Shape, and/or
System
diagram

High pressure steam

[Characteristics of the combined steam and gas turbine cycle power
generation plant]

The combined power generation plant consists of a gas turbine,
exhaust gas boiler, and a steam turbine. (refer to Fig. 2.)

1) Output characteristics : The output of the gas turbine is propor- .,
tional to the quantity of the combustion gas and the combustie
gas temperature. As the temperature of the atmospherelln
creases, the combustion gas decreases in quantity, decream
the output

(refer to Fig. 3).

2)Output increase & Thermal efficiency improvement :
(refer to Figs. 3&4)

At atmosphere temperature 30°C and relative humidity 60%
inlet air temperature decrease by 1.8°C. g."2 Equipment construction of combined
For this cooling effect, output increases by 12,000kW, and ther— plant

mal efficiency improves by 0.035%.

Low pressure steam

Steam
turbine

m  Waste heat recovering
heat exchanger

~ BGenerator
Gas turbine

LI
Air

" = = ® Improved sectiorn

1200

1100 |-~

Output increase

1000

z
=

900

Plant output (MW)

800

10 20 30 40 0

. o 7 0
Atmospheric temperature ("C) 6 0 &

Relative humidity {%)

Fig. 3 Plant output increase Fig. 4 Heat efficiency improvement at plant

Energy saving
effects

Increase of output from combined plant (at temperature 30°C, relative humidity 60%) : 12,000 kW

Reduction equivalent to crude oil consumption : 23,328 kL/year

[Economics]

Investment amount (A): million yen

Equipment | |mprovement effect (B): 18.3 million yen/year
cost
Investment payback (A/B): years
Remarks
[Example sites] [References] [Inquiry]
Tokyo Electric Power Co., “Energy Saving Journal(Vol.31 No.8, 1979)"NEDO/ECCJ(JIEC)
and many others ECCJ
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[Industry Classification]
Electricity Generation

[Energy Source]
Electricity

[Technology Classification]
Machine & Equipment

Large-sized type boiler soot blower [Practical Use]

Before 1969 -

In general, irrespective of the size of the boiler or the kind of the fuel burned in the boiler, the boiler is

rovide

) with a soot blower to remove being deposited on the heating surface of the boiler. The soot blower forfuse w
Outline a large-sized boiler introduced here is a high-performance soot blower to clean the heating surface of |the bo
which burns coal or heavy oil which contains particularly large amount of ash content by removing the du
deposited on the heating surface by periodically jetting out high pressure steam or compressed air.
1) Dust deposited on the heating surface is blown off by steam or compressed air jetted out. (Ordinarily, t
Principle injection pressure from the nozzle is approximately 10 - 20 Kgjom
& 2) In the case of steam, for the purpose of preventing erosion of the heating surface by drain, superhdated s
of saturation temperature + 50 -100°C is desirable. Furthermore, since the steam inside the piping becor
Mechanism condensed as drain during stop, it is necessary to install the drain purge piping as well as drain sepafator a
inlet of each soot blower.
[Type and construction of the soot blower]
(Refer to Fig. 1 and 2.)
1) The following types are available depending on the form and structure of the heating area to be cleaned.
« Short retractable type of soot blower: For cleaning in main radiation heating surface of a heating furhace, ¢
others.
e Long retractable type of soot blower : For cleaning in main suspended type of heating tubes.
« Half-travel type of soot blower : For cleaning in main horizontal type of heating tubes.
2) For a large type generator boiler, 50 - 90 units each of the above respective blowers are installed, be
engaged in sequential injection operation of 3 - 6 times a day.
[Description] 000 o
N C D
oo oo om jmomom - - ,:j,——l .
] . “ ~ B § IR S
Structure ! ( U) ; S 3 In].ecld{m [ V} P injction
| . 1 o .o SR Superheater nozzle U—J L il_.L, ube
explanation, | e | - = 3 L
Shape, and/or | « 2"2"2"2 4 & - 2
Syst =< i ine di
ystem \ Fig.1 Outline diagram of the long retractable type
diagram of soot blower
[ ] [ ]
1 ?Zhi‘lé‘j’fﬁ.f;‘r § Heating furnace
g blowers per unit) 1
1 1 PE momoyg .
[ \ . i Improved section
Fig. 2 Installation of soot blowers in the boiler
Energy saving As regards the evaluation of energy saving of this system, in view of the fact that when the temperature of we
gas rises by 10Aé due to the deposit of dust and soot on the heating surface of the boiler, the efficiehcy of
effects boiler drops by around 0.5%, reduction of efficiency can be prevented by the introduction of this system.
[Economics] | nyestment amount (A): million yen
Equipment | Improvement effect (B): million yen
Investment payback (A/B): years
cost
This technology was implemented and verified by NEDO (The New Energy and Industrial Technology] Devel
Remarks opment Organization, Japan) as a "Soot Blower Model Project" at Tien-tsin Jun Liao Cheng Power Plant, Chir

(completed in 1996)

[Example sites]

Applied at many sites

[References] [Inquiry]
In-house technical reference material of bojl&fEDO/ECC(JIEC), JEMA
manufacturers.
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Industry Classification . . Energy Source
L,ectricﬁy Generation ] Repowering combined cycle system of exhaust repeat [E|ectr%ty ]
[Technology Classification] combustion type [Practical Use]
Machine & Equipment 1992

This system is used for repowering aged thermal power plants for the purpose of improving the ou
efficiency. Repowering means in this context utilization of the waste gas of an additionally installed gas

tput al
turbir

Outline instead of using combustion air supplied by a blower in an existing steam turbine power plant. By remogeling i
existing thermal power plant into an exhaust repeat combustion type combined cycle plant by combining this g
turbine power plant and the steam power plant, improvement in output and efficiency is expected.

Principle * When repowering an existing power plant, the efficiency, operability, and economics mainly depend on tt
selection of the gas turbine to be combined with the existing boiler.

& * In selecting the system, it is necessary to optimize the system by verifying the stability of the boiler|in a lo

Mechanism oxygen atmosphere in combustion test, stability of operation under varying load, as well as its reliahility ar

economics.

[Description]

Structure
explanation,
Shape, and/or
System
diagram

[Characteristics of the repowering system] (Refer to Fig. 1.)

In the case of the power plant introduced here, a 120,000 kW class (1,100 °C class) gas turbine having

appropriate quantity of residual oxygen in waste gas suitable for the existing boiler capacity has been
and a high temperature wind box has been installed, which enables the hot waste gas of the turbine
directly for boiler combustion. Thus, it has been remodeled as a system for recovering heat from the

of the boiler.
Generator
P LP

Steam turbine Generator

"= [L lCondenser

1 -

1 ———sngin| 3

' 0 Cond;nsate

: Deaerato, Circulating | PUTP

, Gasturbine l‘;‘if‘[t:;

e e e === \ Graphic

-

Gas =¥ Recirculating controller
mixing! B pump Chimne
fan Denitration I~ ¥

apparatus

or beld lined
region indicate
additional installation
or replacement

- —»
Dreeeeen L High gas  pjecqostatic 1OW 235 Induced
i ir134; pressure precipitator PIessure (o f fan
eerasad T Air blower for combustion
Air preheater [ -

L] .
Improved section
a

Fig. 1 Cycle flow diagram before and after repowering system

Table 1  Comparison of performance before and after repowering into an exhaust
repeat combustion type combined cycle repowering system

selec
to be L
vaste

Before repowering After repowering Effect of repowering
Output 350,000 kW 476,000 kW (at 5° C) Increase by 36%
. Gross thermal efficiency 38.5% 415% (at 15° C) Improved by approx. 3 %
Energy saving
Fuel consumed by steam power plant (LNG fuel) 390,000 t/y 350,000 t/y AOOTU i LR
effects ' ' (rate of use 70%)
3
Pollutant value Nox 63n7 N/h 40m N/ 38% reduced
(denitration facility)
Reduction equivalent to crude oil consumption Reduce by 549,900 kL/y
. Investment amount (A): million yen
[Economics]
Equipment | Improvement effect (B): million yen
cost Investment payback (A/B): years
Remarks

[Example sites]

[References] [Inquiry]
“Energy saving journal (Vol.47 No.9, 1995 ECCJ (JIEC)
p.100)"
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[Industry Classification] [Energ_y_Source]
Electricity Generation _ ) Electricity
[Technology Classification] Industrial repowering system [Practical Use]
Machine & Equipment 1992
Industrial repowering here means remodeling an existing steam turbine boiler power generation system (here
outli ter called BTG) by additionally installing a gas turbine in order to increase the output and improving the effi
utiine ciency. It has been adopted mainly for the purpose of strengthening the capacity of industrial thermpl pow
generation plants
Princip]e :g;#ﬂ://ﬁ-Ne-Wl?f installed section. V/:ﬁ’//:’//é
& 'g City gas Pure water for ? Gas turbine generator
l% gedusine NOX él Superheated steam
Mechanism . . :
é gl
| ]
I% Air Z
i - Gas turbine
Gas turbine generator Exhaust
' City gas
é ‘ P00 Process
T P steam T
(E’;ﬁzz:;%f;;’;:ghzati;) Improved section
Feed water to the boilers
Fig. 1 Example of industrial repowering system
Table 1  Repowering systems and its characteristics
Feed water heating system Waste heat recycle system Waste heat recovery pysten
Characteristicdn this system, gas turbineGas turbine waste heat is utiAfter removing the existing
[Description] exhaust is utilized for hegt-lized as combustion air for theoiler, a boiler utilizing gas
P ing feed water of the existing existing boiler turbine waste heat is newly it
BTG stalled, forming a combineg
cycle repowering system
Structure Schematic dia-
explanation, | [9ram of the sys-
tem (a newly in-
Shape, and/or | |stalled system l
System shown in the
d'y bold-lined area) o
agram Newly installeiGas turbine generation equipGas turbine generation equip- Gas turbine generation equig-
major equiptment and feed water heatergnent ment and waste heat recovefy
ment boilers
Perf | Output increase 10 - 30 % 20-40% - 300 %
er Ormanc“Efficiency improvement Small Large Large
Operation controllability Easy |[Turbines and boilers balanced operdtion Easy
Installation cost Small Large Large
Construction term for remodeling Short Long Long
CO,and NO, reduction effect Small Large Large
Energy saving
effects
[Economics] | Investment amount (A): million yen
Equipment | jmprovement effect (B):  million yen
cost
Investment payback (A/B): years
Remarks
[Example sites] [References] [Inquiry]
Applied at many sites “Energy Saving Journal (Vol.46 No.8, 1994, p.2[l NEDO / ECCJ (JIEC)

~ 39)’

JEMA
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EG-ME-9
[Industry Classification] [Energy Source]
Electricity Generation Rotation speed control of large boiler blower and Electricity
[Technology Classification] | exhauster through wet type multi-plate speed reducer | [Practical Use]
Machine & Equipment 1973 -
This speed reducer is a kind of rotation speed control equipment having mechanical speed reducing nlechan
; like a fan and a pump. Introduced here is an example of controlling rotation speed by means of a wet tyjpe mu
Outline : . X . -
plate speed reducer in accordance with the change of output of the power station boiler to secure openation v
an appropriate capacity of the exhauster and the blower, thereby achieving a great deal of energy saying.
As shown in Fig. 1, the wet type multi-plate . Commant (sectrical
speed reducer controls hydraulic pressure by 2RI popnatic, manue)
electric signals by control valve, steplessly con- il cooler \\ ©Omsga
trolling the rotation speed of the output axis by -
Principle arbitrarily changing the pressure to be applied
2 to the clutch plate through the hydraulic piston. . [L 2
Mechanism t
Motor
Strainer
s Clutch operatio.nlm.e
Flg 1 Clutch lubrication line
[Performance and features]
1) Shown in Figure 2 are comparison of required electrical 100
[Description] powers between two cases, one using the wet type plate
speed reducer and the other using the damper and valve,
for controlling gas quantity and flow rate of the fan, blower, 8o —® P -
and pu mp ) g(l)}‘)lltlﬁoellecmc power rgf)‘n the ;:ase of damper
Structure <Example> In the case wind quantity is reduced to 50%. {J, /4
; Damper control : Required electric power is 75% of the,‘60 = ,
Shape, and/or | Control by the multi- plate speed reducer :Required elec§ | ety pe omega?utch /
System tric power is 25% of the basic power requirement. %40 R
i (Energy saving of 50% is achieved in comparison With § | Eiccic powersaving 4 ®
dlagram the damper type ) E . i ‘;'-mf; Electric power ratio
2) Rotation speed control range is 30 - 100%. 9.0 ~T> Tor the bipwer shalt
3) Control response speed is as fast as 3 - 7 seconds, a#d T o /
transmission efficiency is around 95% (100% in the caseg _ j >
of direct connection without loss). G 26 0 5 P oo
Blower gas quantity (%)
. . Improved section
Fig. 2 Electric power saving for the blower
E . By the reduced electric power consumption for the blower (forced draft fan, FDF) and the exhaustel (indu
nergy saving | graft fan, IDF) for an electric power generation boiler of 200,000 kW output, energy saving of approkimate
effects 1,300 t/year, when converted into coal consumption, has been achieved. (Saving when converted info crud
consumption : 858 kL/year)
[Economics] | nvestment amount (A): million yen
Equipment |Improvement effect (B): million yen
Investment payback (A/B): years
cost
1) This technology has been put into practice by the cooperation of NEDO at Tianjian Army Power $tation
Tianjian City, China, as “Model Project of the Wet Type Multi-plate Speed Reducer” (completed in [March
Remarks 1997).
2) This technology can be applied as energy saving technology not only to the boiler, but also various|kinds
rotating equipment in every industry.
[Example sites] [References] [Inquiry]
Many sets of the unit installed General Survey of Energy Saving Facilitiesy
Y (1984), “Collection of Energy Conservatid rg\lleDO/ECC(‘]IEC)
cases”(1981), p.63
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[Industry Classification]
Electricity Generation

[Energy Source]
Fuel (general)

Low-pressure operation of natural circulation boiler

[Technology Classification]
Operation & Management

[Practical Use]
Early 1980

Fuel-saving operation through minimizing the reduction of thermal efficiency under low load operati

DN of &

Outline natural circulation or forced circulation drum boiler.
At a power plant relatively aged, or the one operated to adjust the amount of power generated (i.e., an adjustn
thermal power plant), the following problems are posed.
Before 1) When operated for power adjustment, minimum load operation, mainly during night, comes to aroupd 409
Improvement | 2) When operated under minimum load at a constant pressure, there arise the following

problems. _ _
* Increased pressure loss due to the narrowed regulation valve of the turbine.

* Steam consumption of the steam turbine to drive the boiler feed water pump is not negligible from the poi

of the thermal efficiency of the plant.

[Description
of
Improvement]

Structure
explanation,
Shape, and/or
System
diagram

1) The pressure is kept constant (169kgfjicm
until the load is reduced to the minimum,
for the purpose of improving the response

to load change. or 40
2) After the load is reduced to the minimum6
the steam pressure is reduced to 110kgf/cm 39
3) By reducing the pressure, pressure loss dye
to the narrowed regulation valve is de-g 38
creased. 2
4) Accordingly, steam consumption to drive the=
boiler feed water pump is saved. 5 37 P
5) The improvement of the gross thermal effig g
ciency in the load range of 25% to 50% i€ 36
shown at Fig. 1. =
- 35
w
e 7 Constant pressure
;(5 3 operation
13 _ Reduced pressure __ ____
» operation
32
25 30 35 40 45 50 55 60
Load 9z

Improved section

Fig. 1 The improvement of the gross thermal efficiency

Energy saving
effects

1) Under low load operation, the gross thermal efficiency can be increased by 0.5 - 0.6% by reducing
sure as shown at Fig. 1.

the pr

2) When the low pressure operation was applied to the minimum load (75,000kW) opration at a 350,000k

generation unit, consumption of C-grade heavy oil was saved by 291kl per year (saving of 19 milli
year).

bn yen

[Economics]

Investment amount (A): none(manual operation adopted to conventional facility)

Equipment | Improvement effect (B): 19 million yen/year (350,000kW unit)
cost Investment payback (A/B): none
Remarks This method is also applicable at the startup and low load operation of an once-through boiler.

[Example sites]

Applied at many sites

[References]

The 9th National Conference of Energy Conservation
“Collection of Energy Conservation Cases 1983", p. 1
the Energy Conservation Center, Japan, 1984

[Inquiry]

NEDO / ECC (JIEC)
DIEMA (for equipment),

FEPC (for operation)
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[Industry Classification]
Electricity Generation

[Energy Source]

Operation method of increased temperature of main  |-Fu€l (general)

[Technology Classification]
Operation & Management

[Practical Use]

steam at boiler outlet Early 1981

A method to improve thermal efficiency and to reduce fuel consumption by raising the temperature of t

of
Improvement]

Structure
explanation,
Shape, and/or
System
diagram

Outline steam at the boiler outlet to 561°C(previously 541°C).
The following are the previous operational condition of the boiler and turbine.
Temperature of main steam at the boiler outlet 541°C
Before Temperature of main steam at the turbine inlet 538°C
Improvement Vacuum of the condenser 722mmHg
Gross thermal consumption rate 2,208kcal/kWh
Thermal efficiency 38.95%
Secondary superheater heat transfer area 390 m
Secondary superheater tube material SUS 321HTB
1) Improvement of thermal efficiency . Suspended prima
byincreasing the temperature of the main To turbine 1. supgrheaterp e
steam is evaluated by examining the T-s dia- ' Suspended secondary
[Description gram of the Rankine cycle. (O F .ﬁﬁ ! superheater
[ ] (]
1
1

2) For increasing the temperature of the main
steam, it is necessary to increase the heat
transfer area, for which space is needed.

3) At the same time, high temperature corro-
sion resistance of the heat transfer tube
needsto be increased.

4) Based on the above examination, it was de-
cided to raise the temperature of the main
steam to 561°C, and the following measures
were implemented.

*Temperature of main steam at the boiler
outlet: 561°C (increased by 20°C)
*Temperature of main steam at the turbine
inlet: 556°C(increased by 18°C)

Horizontal superheater
1

—

Economizer

Plate type
superheater

*Secondary superheater heat transfer area : Combustion
750 nt (approx. twofold increase) -] _chamber [ .
*Secondary superheater tube material SUS o —{_ z
347HTB L] —- S
5) The secondary superheating tube has been ] f
changed from the previous 1-loop type to ~— - —

2-loop type. Layout of the superheater (before modification)

Improved section

Fig. 1 Layout of the superheater (before modification)

Energy saving
effects

The effect of this method applied to a 220,000 kW generation plant is shown below.

Load 220,000kca/KWh (rated)
Grossthermd consumption rate | 2,195 kea/KWh Annud fuel saving

— Approx. 1,100 KL
Themd efficiency 3023 % (a an utilization rate of 30%)
Improvement of thermd efficency | 0.28% (absolute value)

he mai

[Economics]

Investment amount (A): 118 million yen

Equipment Improvement effect (B): 63.8 million yen/year (at an utilization rate of 30%)
cost
Investment payback (A/B): 1.8 years
Remarks This method is applicable to a generation plant where main steam of comparatively low temperaturg is us
Remark: In a latest power generation plant, the temperature of main steam at the boiler outlet is around 580°

[Example sites]

Yokkaich power plant.
Chubu Electric Power Co.

[Inquiry]

[References]
%\IlEDO | ECCQJIEC)

The 8th National Conference of Energy Conservation

“Collection of Energy Conservation Cases 1983", p. 2[L

the Energy Conservation Center, Japan, 1983
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[Industry Classification]

Electricity Gene

[Energy Source]

ration Fuel (general)

Gas recirculating steam temperature control system

[Technology Classification]
Operation & Management

[Practical Use]
1980s

For the purpose of balancing the thermal absorption between the evaporation section of the boiler (mai
tion heat in the furnace) and the superheating section for the steam (mainly convective heat trans

nly rad
fer in t

Outline superheater, reheater, and the economizer), boiler exhaust gas at the economizer outlet is recirculdted by
recirculation fan to the bottom of the furnace.
Before 1) Previously, the thermal absorption balance would tilt toward the superheatingsection, and when the|tempe
ture of the superheated steam was in excess of the designated value, spray water was injected intd the st
Improvement heated steam to lower the temperature (water spray steam temperature control system).
2) As the water spray method would lower the boiler efficiency, this method was not thermally efficient.| Boilet
: efficiency is lowered by 1 - 1.5%.
(Conventional | 3y The thermal absorption balance differs conspicuously depending on the kind of the fuel used (heavy pil, cru
process) oil, natural gas, coal, etc.). For this reason, the thermal absorption balance changes by converting the fuel,
the steam temperature often deviates from the designated value upward or downward.

1) For decreasing the quantity of water spray, it is necessary to increase the thermal absorption at the eyapora
section of the boiler. Countermeasures for that purpose include to increase the furnace volume and cleaning
the furnace wall (for the improvement of heat transfer efficiency).

[After 2) For decreasing the heat transfer at the superheating section, such measures as cutting short the heat exct
tubes, fitting the baffle plates, and heat transfer inhibition coating are conducted.
Improvement] | 3) But the above methods cannot be taken immediately at fuel conversion.

4) By the gas recirculation method, the amount of evaporated steam is decreased (or increased), and th
ture of the superheated steam goes up (or goes down), as the recirculation gas is increased (or dec

e temy
eased

(New process)| this adjustment is made easily by adjusting only the damper of the recirculation fan, it can be readily| applie
to various fuels such as heavy oil, crude oil, natural gas, etc.
Structure
) Before Improvement After Improvement
explanation, .
Draft Draft R
Shape, and/or Homnz0 | e ‘
; Air ) = Air
System Al - N L.
. =T ‘Draft i Heat-proof
d|agram = material
H GR port damper
Draft 1
Dratt A ‘otz
GIF GRF _ Exhaust gas
12A 1654
. Thermal efficiency | Improvement by 0.48% in both SH and RH
Energy saving
effects Power cost Saving of power for the recirculating fan equivalent to thermal efficiency of 0.02%
Total Improvement equivalent to thermal efficiency of 0.5% (converted in fuel cost)
SH: Superheater RH:Reheater
[Economics] | Investment amount (A): 50 million yen
Equipment Improvement effect (B): 40 million yen/year (Boiler at 250MW class)
cost
Investment payback (A/B): 1.3 years
This method is applicable to a generation plant where main steam of comparatively low temperature is us
Remarks . ; ) - :
Remark: In a latest power generation plant, the temperature of main steam at the boiler outlet is around 580
[Example sites] [References] [Inquiry]
Sakaiminato Power Plant, | The 9th National Conference of Energy Conservation| NEDO / ECC(JIEC)
Kansai Electric Power Co. | “Collection of Energy Conservation Cases 1983", p. 2P3EMA

the Energy Conservation Center, Japan, 1984
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[Industry Classification]
Electricity Generation

[Energy Source]

Reduction of starting-up time of cold plant Fuel (general)

[Technology Classification]
Operation & Management

[Practical Use]
Around 1980

Tuced

Outline When starting up a power plant after a long shutdown(a cold plant), energy loss in starting up is re
reducing the starting-up time.
Befor 1) Shown below is the conventional starting-up schedule of a cold plant, which requires 29 hours in total.
efore 2) In the starting-up time, a long time is required for warming up the turbine.
Improvement | 3) In starting up, it is necessary to observe various limiting values on the turbine rotor, such as th

thermal stress, Bohr's thermal stress, surface temperature, mean volume temperature, and Bohr's tg

surfa
mpera

[Description
of
Improvement]

Structure
explanation,
Shape, and/or
System
diagram

1) If the hot water cleaning is omitted between the ignition and the start-up of the turbine, the time
shortened by 1 hour and 20 minutes.

can b

2) The time can be shortened by 3 hours and 25 minutes by shortening the turbine warming-up between the st

up and the parallel operation.
3) As aresult, the time can be shortened by 4 hours and 45 minutes in total.
4) After the above reduction of time, the time schedule for each process is as follows.

29 hours
Before Boiler ignition From ignition to From start-up to Initia !oad From initial load to
ation turbine start-up parallel operation retention full load
Improvement prepar time
8 hours 8 hours 8 hours and a half 30 min. 4 hours
Boiler ignition From ignition to From start-up | Initid load | o i et !
reperation tbinestartyp | O PAAlel | reetion |\ ey F T
After prepar P operation time m reduced time: 1
Improvement b [
8 hours 6 hours and 40 min. 5 hour_s 30 hours 4 hours h 4 hours_ 1
and 5 min. and 45 min. |
24 hours and 15 min.

Improved section

Energy saving
effects

The effect of this operation method when applied in a 250MW once-through boiler power plant is as
1) The starting-up time is reduced by 4 hours and 45 minutes (from 29 hours to 24 hours and 15 1
making it possible to start supplying elelctric power earlier than before.

ollows
hinute:

2) Combustion of light oil in the boiler for starting up can be saved by 38kl per one starting-up. Saving per yee

which depends on the number of starting up per year, cannot be stated definitely. With increasing op
the adjustment thermal power plants, which have frequent stops and starts, there are significant s
this operation method

pration
Avings

[Economics] |Investment amount (A): million yen
Equipment | \mprovement effect (B):  million yen
cost
Investment payback (A/B): years
Remarks

[Example sites]

[References] [Inquiry]
NEDO / ECC(JIEC)

JEMA
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[Industry Classification]
Electricity Generation

[Technology Classification]
Operation & Management

Stop of operation of high pressure gas feeding [Ilzzlne:gy_tSource]
apparatus by developing high back pressure ejector for [Pf:ci;;yu%]
high pressure feeding of LPG 1993

At gas companies in general supply of LPG/Air gas, 85 % of energy used in the process of produd
supply of gas is by the consumption of electric power by high pressure gas feeding equipment. In

tion al
the ca

Outline introduced here, in stead of this high pressure feeding equipment, a high back pressure ejector for gas suj
has been developed, stopping the use of the high pressure feeding equipment, achieving a greaf savin
electricity.

In the process of gas production and supply, LPG L P G ot jt prssie B,
(liquid), which is a raw material, is sent out with ol presire
a supply pump from the storage tank, and after N
Principle heating and evaporizing it with a vaporizer, the Mixed gas
P gas is jetted out from the nozzle of the ejector L]
& (Figure 1), thereby sucking in the air by the
Mechanism minus pressure generated at that time, air dilut- i Theoatara - Back pressure Ps
ing LPG. The gas thus produced is led into the =~ pesuer,
surge tank, and through controlling ON/OFF of ,
the tank pressure at 0.5 - 0.8 kgfcnthe gas is A
fed out. Fig. 1 Diagram of the outline of the ejector
[Before Improvement] Pressure regulating valve
Storage tank GULLLLLEL ===
LPG) Warm water : i__ | :
\]/_<Pj @4 i [ - . ] l ~ :Medium
- I u Presaure ' R gbressure supply
[Description] Fecdng PUTD  orizer  SOMIC] Fjector 1 RO Gas feeding 1
valve 1 equipment 1
:. fmmmeeo LW ETEES“IE supply
Tob d
Structure Fig. 2 Conventional high pressure feeding system © Pe remore
explanation, dter | ;
er Improvemen
Shape, and/or [ P ]

System Storage tank

. ALY /odeTen o m m m m m m m mEm momomEmmmy

diagram (]_‘p(é Wi ;

1

w_l—) Gas supply

Suppl 1Control . 4 1

upply pump Vaporizer g valve Ejector Surge tank f
I--------------------l----. .

Improved section
Figure 3 Pressure feeding system by high pressure ejector
Table 1  Effect of energy saving
Before improvement After improvement , Effect
. Pressure feeder (constant speed) | Pressure feeder (variable type) Ejector
Energy saving . .
Quantity of supply per 1kWh 9.43Nn? 12.23 Nm? 62.9 Nm? 6.6 times
effects Electric power for producing 1 Nm?® 2yen 0.95 yen 0.2 yen 1/10
Electric power saving 960 MWh/y
Conversion into crude oil 233 kLly
[Economics] | Investment amount (A): million yen
Equioment | Improvement effect (B): million yen
auip Investment payback (A/B): years
cost
Remarks As performance required of an ejector, it permits mixing of liquid with high accuracy to an arbitrary mixing

ratio, supplying liquid with high stability.

[Example sites]
Buyo Gas Co.

[References] [Inquiry]
“Collection of Energy Conservation Cases”"(19%
p.561-.ECJ Eﬁ'ﬁi\) / ECCJIEC)
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[Industry Classifi

Electricity Generation

[Energy Source]

[Technology Classification]
Operation & Management

cation] Conversion of heat source of absorption type air- Fuel (LNG)
- g . H ue
conditioner by utilizing excess boiler steam of [Practical Use]
1980

gasification equipment

Outline

Introduced here is an example of energy saving by converting the conventional gas-fired absorption
conditioner into a hot water absorption type air-conditioner by utilizing steam as its heat source that ha
excessive due to the change of the balance of steam from the exhaust heat boiler of gasification equ
accordance with the trend of changing the raw material for city gas to LNG.

type a
5 becol
ipmen

[Description]

Structure
explanation,
Shape, and/or
System
diagram

[Before improvement]
Steam generated from an existing exhaust heat boiler, a gasification equipment of naphtha, became

absorption type air-conditioner depended on gas combustion for its heat source.

City gas

Cooling
tower

Cooling
tower

Cooling
tower

Boiler

. : Gas Gas Gas
Gas combustion combustion busti busti
) air-conditioner air- air- i
ln conditioner S) (S
; 1
o
=
E
3
Hot water supply Air-conditioning Air-conditioning Air-conditioning Air-conditioning
(Hally

(Technician room, etc.) (Examination room, etc.) (Dining room)

Figure 1  System before the improvement

EXCESS

due to the shifting of the raw material for the production of city gas from naphtha to LNG. In the meantifne, th

Pressure regulator

2&@ 5K i 11K steam

[After improvement]
The absorption type air-conditioner,
which is based on steam as its heat

source, comes in two type, steam type 7
and hot water type which makes use of ~E— 88 ¢
hot water converted from steam as its ‘
heat source. In this system, the hot
water type is adopted. -
[*+] .
_ (Cooting Cooling
Gas Gas Gas
Circulating=—{ HOt Water type | Joombust comBUStER | mbusti
(water cooler - = conditiondr [Rir- -
v i b R
| i
qim
Air Air Adj
Hot water supply conditioning conditioning cmrldjtiom'ng

Figure 2  System after the improvement

effects

Energy saving

Quantity of reduction of city gas : Approx. 330,0080year
Reduction when converted into crude oil consumption : Approx. 393 kL\year.

[Economics]

Investment amount (A) : Hot water absorption type air-conditioner (10 refrigeration ton x 2 sets)
15 million yen (including construction cost)

Equipment | Improvement effect(B) : 25 million yen/year
cost Investment payback : 0.6 years
Remarks This is an example of conversion of fuel that can be applied to any industrial field.

[Inquiry]

[Example sites]
Toho gas Co. Chita Plant

Many adopted examples  [p.167

[References]
“Collection of Energy Conservation Cases”(198

LE1AJ / ECC(JIEC)
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