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2. Organization and Investment for Energy Conservation

2.1 Energy conservation investment plan (Case for high energy cost: Fuji)

Arranged in P.B.P. order)

ftem Enecost saving Investment P.B.P IRR
Alr ratio (B-2) 19,893 1,000 0.053 1989%
Air ratio (B-1) 16,391 1,000 0.064 1639%
Unit reduction (Tr) 645 100 0.164 645%
PF improvement 19,112 5,000 0.278 382%
Humidity control (dryer) 6,608 2,500 0.405 264%
Heat insulation (B-2) 8,754 7,147 0.894 122%
Operation improve (comp’) 18,036 15,000 0.911 120%
Air preheating (B-2) 29,145 30,000 1.140 97%
HWH-recovery (dying) 61,167 74,000 1.353 82%
Heat insulation (B-1) 8,774 12,216 1.573 T1%
Air ratio (furnace) 21,895 32,000 1.658 67%
Partitioned lux (light) 31,356 49,500 1.803 62%
Cond'te H-recovery (dying) 12,019 19,200 1.826 0%
Intake air cool (comp’) 3,039 5,000 1.886 59%
Air preheating (B-1) 24,210 40,000 1.895 59%
Cond'te H-recovery (dryer) 19,187 37,000 2.248 50%
Economizer (B-2) 26,039 60,000 2.748 41%
Heat insulation (furnace) 9,605 23,800 2.987 37%
Moter replace (blowers) 20,936 55,500 3.232 34%
Recuperator (furnace) 16,775 50,000 3.713 29%
Motor replace (pumps) 7,569 25,431 4.296 25%
WH recovery (dryer) 23,091 80,000 4.463 24%
Economizer (B-1) 14,526 70,000 6.899 13%
Heat insulation (dying) 2138.4 10,890 7.469 11%

* Although the adjustment of the boiler air ratio and the control of the number of
transformers in operation are not included in the investment items, investment values
are shown above for purposes of software (Microsoft Excel) operations.
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2.2 Energy conservation investment plan (Case for low energy cost: Sakura)

(Arranged in P.B.P. order)

Item Enecost saving Investment P.B.P IRR
Alr ratio (B-2) 9,947 1,000 0.106 995%
Alr ratio (B-1) 8,195 1,000 0.129  820%
Unit reduction (Tr) 305 100 0350  305%
PF improvcment 9,033 5,000 0.597 181%
Humidity control (dryer) 3,304 2,500 0.826 132%
Heat insulation (B-2) 4,377 7,147 1.870 60%
Operation improve (comp’) 8,524 15,000 2.031 55%
Air preheating (B-2) 14,572 30,000 2.418 46%
HWH-recovery (dying) 30,584 74,000 2.906 38%
Heat insulation (B-1) 4,387 12,216 3.424 32%
Air ratio (furnace) 10,948 32,000 3.628 30%
Cond'e H-recovery (dying) 6,009 19,200 4.039 0%
Air preheating (B-1) 12,105 40,000 4.209 25%
Partitioned lux (light) 14,820 49,500 4.265 25%
Intake air cool (comp’) 1,436 5,000 4.489 23%
Cond'te H-recovery (dryer) 9,594 37,000 5.112 20%
Economizer (B-2) 13,020 60,000 6.481 14%
Heat insulation (furnace) 4,803 23,800 7.180 12%
Moter replace (blowers) 9,895 55,500 8.635 9%
Recuperator (furnace) 8,387 50,000 9.513 7%
WH recovery (dryer) 11,545 80,000 12.388 3%
Motor replace (pumps) 3,577 25,431 13.020 3%
Economizer (B-1) 7,263 70,000  34.809 4%

* Although the adjustment of the boiler air ratio and the control of the number of
transformers in operation are not included in the investment items, investment values
are shown above for purposes of software (Microsoft Excel) operations.
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2.3 Establishment of energy conservation promeotion organizations

1.

Factory energy conservation committee

Held monthly, the committee is chaired by the director of the factory and made up of
departmental representatives, appointed on a one department one member basis.

The secretariat is headed by a section chief at the Technology Department, and includes a
member of the Energy Department.

Formation of small action groups in manufacturing division

Employees are encouraged to form small workplace groups consisting of five to six
members according to their specialties and voluntarily engage in energy conservation
activities.

11 -



3. No.1 Boiler

3.1 Summary

(1) Present problems

volume is large.

and the body radiation heat loss is
large.

t

3 - Exhaust gas temperature is as high
% 270°C, and the exhaust gas heat is
I recovered.

(2) Effect of energy conservation

Apparatus Problem ;
Boiler, I | The Oz concentration of exhaust gas is '
| 10 t/h as high as 8%, and the exhaust gas

!

t

as ' 3 Introduce an air heater.

4

not

Improving measure

I : Optimize the air ratio.

2 : The heat insulator is as thin as 50 mm, ‘ 2 | Intensify the heat insulation.

Introduce an economizer.

Energy cost

7 } 7 ’ Production and cnergy
} 1 consumption
No.i Improve- | (Calorific value) Unit | Before }
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o J ment ~ ment |
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1 ! P : ;
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. i . i : i
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il | i . ! |
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3.2 Method of energy conservation

(1) Decreasing the O; concentration of exhaust gas
Present O; concentration of exhaust gas: 8%
Heat loss by exhaust gas: L;=G-cg(tg—t;) Klkg(fuel).................ooo (D

G: Quantity of exhaust gas (Nm3/kg)

Cg:  Mean specific heat of exhaust gas 1.381 KJ/Nm3.°C
tg:  Exhaust gas temperature (°C)

to:  Atmospheric temperature (°C)

Here; G=Go+ Gy + (M= 1) Ag crioiniiiiii e 2)

Go: Theoretical quantity of dry exhaust gas (Nm3/kg)

Gw: Quantity of vapor generated by combustion, and quantity of vapor by evaporation
of moisture in fuel (Nm3/kg)

m: Airratio

Ay Theoretical quantity of combustion air (Nm3/kg)

Ao = 1100 e (3)
Go + Guw = 1182, i 4)
21 21
m= ”2*1 :-‘—“2"(*0* = Q*l**‘_ ] = B (5)
Therefore,

G=11.824+(1.62-1)x11.09=18.70 (Nm3/kg)

Heat loss by exhaust gas: L;=18.70 x 1.382 x (270 - 33) = 6125 (KJ/kg)

The rate of heat loss by exhaust gas to fuel input heat is

6125

Ri= 4119

x 100 = 14.5%

(Improvement method)

Improve combustion to decrease the O, concentration of exhaust gas to 5%

21

m= 51*_**5* = 1.31

G=11.82+ (131~ 1)x11.09 = 15.26 (Nm3/kg)

L;=15.26 x 1.382 X (270 — 33) = 4995 (KJ/kg)

4995

R1=4§ﬁ§x 100 =11.9%
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()

3)

By decreasing the O; concentration of exhaust gas from 8% to 5%,
145-119 =2.6%
It is possible to raise the boiler efficiency by approx. 2.6%.

Installing the air heater

Normally the improvement of boiler efficiency by heat collection of an air heater is 3%—
6%. Suppose the following data are obtaind by installing an air heater;

Preheating air
120°C (assumed value)

15.26x 1.382 x (270 ~Tex)
Exhaust gas
TS Airheater —— = 11.09 x 1.31 x 1.3 x (120 - 33)
270°C Tex
0,=5% (calculated value)
2 T , Tex= 190°C
Air 33°C
m =131

The heating value of heat reovered by air heater is
11.09 x 1.31 x 1.3 x (120 - 33) = 1694 KJ/kg (fuel)

The energy conservation efficiency by air heater is

1694

2119 < 100 = 4.0%

Installing the economizer

Normally the rise of boiler efficiency by heat collection of an economizer is 3%—-5% more
or less. Suppose the following data are obtaind by installing an economizer;

Tw
* (calculated value)

Exhaust gas 140°C (assumed value) 10.6 x 103 x 4.187 x (Tw -20)
———®| Economizer _O—:V = 15.26 x 750.5 x (1 — 0.026)
or, 2= % x (1 - 0.040) x 1.382 x (190 — 140)
»= 3%
T Feed water
20°C Tw = 36.7°C
10.6 X 10° kg/h

(Exhaust gas after passing the economizer is assumed to be 140°C as the temperature
without generating condensed water.)
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The heating value of heat collected by economizer is

10.6x 103 x 4.187 x (36.7 — 20) = 741.1 x 103 KJ/h
The energy conservation efficiency by economizer is

741.1 x 103
-x 100=2.5%
750.5 x (1 —0.026) x (1- 0.040) x 42119

From (1), (2) and (3), the boiler efficiency of a case all the above-mentioned energy
conservation measures are applied is

Efficiency of boiler itself 80.0%

Improvement of combustion 2.6

Air heater 4.0

Economizer o 2.5

Efficiency of energy conservation boiler 89.1%
(4) Others

a: Raise the feed water temperature by collecting heat from blow water
Increase of efficiency by approx. 1.5%
b: As the boiler surface temperature 150°C is too high, reduce heat loss from the surface
by applying insulator.
c: For fuel, eliminate soot blow by changing it to another with better quality such as gas.
d: The blow ratio 10% is for a once-through boiler and is too high, so drop it to 5% or
so, if possible. (dependent on the quality of feed water)

3.3 Recovery of initial cost
* Air heater
Fuel saving by heat recovery of the air heater is,
supposing A heavy oil is $0.2/kg,
750.5 x (1 - 0.026) x 4200 x 0.040 x 0.2 = $24,561/year

Supposing the air heater costs $400,000.
Payback period at 10% interest

24,561

log (o~ y log( 20

OBl 1) _ T 24,561 -40000x0.1 " _ o
log (1 +1) ~ log (1 +0.1) = 1.

P: “Profit” (energy savings)
I: Investment
i: Interest rate (10%)

The initial cost can be recovered in 1.9 years.
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¢ Economizer

Fuel saving by heat recovery of the economizer is
750.5 x (1 — 0.026) x (1 — 0.040) x 4200 x 0.025 x 0.2 = $14,737/year

Supposing the economizer costs $70,000.

14,737

log (

14,737 - 70,000 x 0.1

log (1 +0.1)

6.8

The initial cost can be recovered in 6.8 years.

Initial

Energy conservation Fuel saving Period for initial
efficiency (%) cost ($) ($/year) cost recovery (year)
Improvement of
combustion 2.6 0 | 16,391/year 0.0
Air heater 4.0 40,000 | 24,561/year 1.9
Economizer 2.5 70,000 | 14,737/year 6.8

Effect of improved heat insulation is not included in the above table.
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4. No.2 Boiler

4.1 Summary

(1) Present problems

Proble

Improving measure

Apparatus m
Boiler, The Oz concentration of exhaust gas is | 1 | Optimize the air ratio.
S t/h as high as 8%, and the exhaust gas

volume is large.

The heat insulator is as thin as 50 mm,

Intensify the heat insulation.

not recovered.

2
and the body radiation heat loss is
large .
The exhaust gas temperature is as high | 3 | Introduce an air heater.
as 350°C, and the exhaust gas heat is .
4 | Introduce an economizer.

(2) Effect of energy conservation

J 2,725.6

284,184

Production anq energy Energy cost Energy R;cov-
consumption - ~ cost |Invested| ering
No Improve- (Calorific value) Unit Before After | Effect | reduc- | amount| years
ment item 10,060 kcai’kg price | improve- | improve- tion rate
ment ment
" Unit | Before | After |Effect [$/t-fuell  $/y $/y $ly | % $ year
improve- |improve-
. ment | ment e
Production ] tly 37,440 - -
I |Optimiza- | t/y | 2.841.8] 2,742.4] 99.5] 200! 568,368 548,475/ 19893 3.5 ol 0.0
tion of air
ratio M/t | 3,197.0) 3.085.3] 111.7] 100 284,184 274,238 9,947 3.5 0.0
2 |lntensifica- | t/y | 2,742.4] 2,698.6| 43.8] 200 548,475 539.721] 8,754 1.6 7.147] 0.9
tion of heat
insulation | MJ/t | 3,085.3 3.035.8] 49.5| 100 274.238] 269.861| 4,377 1.6 1.9
3 |Installation| t/y | 2.698.6] 2.552.9] 145.7] 200 539,721 510.576| 29.145  5.4| 30,000 1.1
of air heater| MJ/t | 3,035.8 2,872.1/ 163.7| 100| 269.861| 255,288 14,572 5.4 2.4
4 |Installation| t/y | 2.552.9 2,422.7/130.2| 200 510.576] 484,537 26,039  5.1| 60.000] 2.7
of
economizer | MJ/t | 2,872.1| 2,725.6/ 146.5| 100/ 255,288/ 242,268/ 13,020 5.1 6.5
Total t/y | 2,841.8 2,422.7419.2] 200 568.368] 484,537 83.831, 14.70 97.147 1.3
M/t | 3.197.0 471.4] 100 242,268, 41,916 147 2.8
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4.2 Method of energy conservation

(1) Decreasing the O concentration of exhaust gas
Present O; concentration of exhaust gas: 8%
Heat loss by exhaust gas: Lj=G - cg (tg~to)  Kl/kg (fuel).......oooiiil (1

G: Quantity of exhaust gas (Nm3/kg)

cg:  Mean specific heat of exhaust gas 1.382 KJ/Nm3.°C
tg:  Exhaust gas temperature (°C)

to:  Atmospheric temperature (°C)

Here; G = Go + Gy + (M — 1) Agieiiniiii e, 2

Go: Theoretical quantity of dry exhaust gas (Nm3/kg)

Gw: Quantity of vapor generated by combustion, and quantity of vapor by evaporation
of moisture in fuel (Nm3/kg)

m: Airratio

Ao:  Theoretical quantity of combustion air (Nm3/kg)

Ao = 1109 e (3)

Go + Guw = L1182 )
21 21

m=§1-~_702(%) = 21 — 8— L. (5)

Therefore,

G=11.82+(1.62-1)x 11.09=18.70 (Nm3/kg)

Heat loss by exhaust gas: L;= 18.70 x 1.382 x (350 — 33) = 8189 (KJ/kg)

The rate of heat loss by exhaust gas to fuel input heat is

(Improvement method)
Improve combustion to decrease the O, concentration of exhaust gas to 5%

21
m=ifj§ =131

G=11.82+(1.31 - 1) x 11.09 = 15.26 (Nm3/kg)

L;=15.26 x 1.382 x (350 — 33) = 6682 (KJ/kg)
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(2)

3)

6682

Ry =4—21—19X 100 = 15.9%

By decreasing the O7 concentration of exhaust gas from 8% to 5%,
19.4 - 15.9= 3.5%
It is possible to raise the boiler efficiency by approx. 3.5%.

Installing the air heater

Normally the rise of boiler efficiency by heat collection of an air heater is 3%~6%.
Suppose the following data are obtaind by installing an air heater;

Preheating air
150°C (assumed value)

Exhaust gas Airh 15.26 X 1.382 x (350 —Tex)
R ir heater ——» _
150°C Tex =11.09 x 1.31 x 1.3 x (150 - 33)
02= 5% (calculated value)
Air 33°C o
Tm:l.ﬁ%l Tex=242°C

The heating value of heat collected by air heater is
11.09 x 1.31 x 1.3 x (150 — 33) = 2277 Kl/kg(fuel)

The energy conservation efficiency by air heater is

2277
42119

x 100 = 5.4%

Installing the economizer

Normally the rise of boiler efficiency by heat collection of an economizer is 3%-5% more
or less. Suppose the following data are obtaind by installing an economizer ;

Tw
* (calculated value)

Exhaust gas 140°C (assumed value) 52x103%x4.187 x (Ty, —20)
:
g I, = 15.26 X 394.7 x (1 - 0.035)
0,=5% X (1 —0.054) x 1.382 x (242 - 140)
T Feed water
20°C
5.2 X103 kg/h Ty = 55.6°C
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(Exhaust gas after passing the economizer is assumed to be 140°C as the temperature
without generating condensed water.)
The heating value of heat collected by economizer is
5.2 x 103 x 1.0 X (55.6 — 20) = 775.0 x 103 KJ/h
The energy conservation efficiency by economizer is
775.0 x 103
394.7 x (1 - 0.035) x (1 - 0.054) x 42119

x 100 =5.1%

From (1), (2) and (3), the boiler efficiency of a case all the above-mentioned energy
conservation measures are applied is

Efficiency of boiler itself 74.5%
Improvement of combustion 3.5
Air heater 5.4
~_Economizer o B 5.1
Efficiency of energy conservation boiler 88.5%
(4) Others

a: Raise the feed water temperature by collecting heat from blow water
Increase of efficiency by approx. 1.5%
b: As the boiler surface temperature 150°C is too high, reduce heat loss from the surface
by applying insulator.
c: For fuel, eliminate soot blow by changing it to another with better quality such as gas.
d: The blow ratio 10% is for a once-through boiler and is too high, so drop it to 5% or
so, if possible. (dependent on the quality of feed water)

4.3 Recovery of initial cost
* Air heater
Fuel saving by heat recovery of the air heater is,
supposing A heavy oil is $0.1/kg,
394.7 x (1 — 0.035) x 7200 x 0.054 x 0.1 = $14,809/year

Supposing the air heater costs $30,000

14,809
log ( — - -
14,809 - 30,000 x 0.1 " _,
log (1 +0.1) -

The initial cost can be recovered in 2.4 year.
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* Economizer
Fuel saving by heat recovery of the economizer is

394.7 x (1 = 0.035) x (1 — 0.054) x 7200 x 0.051 x 0.1 = $13,230/year

Supposing the economizer costs $60,000

13,230
log (— 2%
13,230 - 60,000 0.1 ° _
log (I +0.1) =0

The initial cost can be recovered in 6.3 year.

Energy conservation Initial Fuel saving Period for initial
efficiency (%) cost ($) ($/year) cost recovery (year)
Improvement of 3.5 0 | 9,947/year 0.0
combustion
Air heater 5.4 30,000 | 14,809/year 2.4
Economizer 5.1 60,000 | 13,230/year 6.3

Effect of improved heat insulation is not included in the above table.
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5. Dyeing Machine

5-1 Steam consumption
(at dyeing water temperature of 20°C and ambient air temperature of 33°C)

(1) Steam conditions
Steam pressure

Enthalpy of dry saturated steam
Enthalpy of saturated water

Dryness fraction

Enthalpy of wet saturated steam

Latent heat

P =().7Mpa

h™  =2762.1 kj’kg

h  =716.0 kj/kg

X =098

h =2.721.1 ki’kg h=h"+X(h"-h")
r =2.005.1 kj’kg

(2) Required heat (per dyeing machine per operation cycle)

+Heat for heating tanks:

dyeing

1.560 kgx (95-20) x0.460 kj/kg-K=53.875 kj

*Heat for heating products

dveing

85 kgx (95-20) x1.80 kj/kg-K=11.474 kj

*Heat for heating liquids

dyeing

1.300%(95-20)x4.186kj/kg K =408.135 kj

-Heat dissipation qI (cylindrical surface arca 9.33m” vertical surface area 2.74m")

Heating up to
dyeing temp.

Dveing

(cylindrical) dissipation at (90+33)°C/2=61.5°C: 808kj/m’h
808 X 9.33x60/60 = 7.538kj

(vertical) dissipation at (90+33)°C/2=61.5°C: 875kj/m:h
875%2.74x60/60 = 2.397kj

(cylindrical) dissipation at 90°C: 1.900kj/m’h
1.900%9.33x30/60 = 11.816Kkj

(vertical) dissipation at 90°C: 2.055kj/m’h
2.055%2.74x40/60 = 3.753kj

@ Total dissipation = 7.538+2.397+11.816+3.753=25.506kj/cycle

Heat for dyeing Heat kj Steam kg
kj/cycle heating | dyeing | heating | dveing

Heating tanks 53.875 53.875 0 26.9
Heating products 11471 11471 0 5.7
Heating liquids 408.135 408.135 0 203.5
Dissipation 25.506 9.935 15.570 49 7.8
Condensate heat 157.316 152.384 4.933

656.185 241.0 7.8

*Load curve - - - steam consumption (kg) for 15 units

Steam consumotion = Required heat/Latent heat of vaporization
Latent heat of vaporization = 2.005.1kj/kg

Condensate heat = Steam consumptionx (716.0-83.7)

(241.0kg/hx15 units = 3.615kg/h)

(7.8kg/hx15 units = 117kg/h)

4,000— 3.615kg
3,000—
2,000
1,000—
(ke) | ke

9 10 11 12 13 14 15 16 17 18 19 20 21
(h)
Load cunve
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(3)Heat input gs = heat/cycle-unit

(a)Heat carried in by steam

(4)Heat output

Unit potential heat in supplied water at 20°C = 83.7 kj
gs = 248.8kgx(2.721.1-83.7)kj=656.185 kj/cvcle

(a) Heat taken away by warm effluent qw

Dveing

Water volume

1

1.300

Effluent temp.

°c

95

Effluent from dyeing qW = 1.300x(95-20)x4.186kj/kg-K=408.135 Kkj/cvcle

(b) Heat taken away by nylon fabric qn

Fabric weight: 85kg

specific heat C: 1.80 kj/kg  fabric temp.: 95°C

gn = 85(95-20) x1.80 = 11.475 kj/cvcle

(c)Heat dissipation qlI (cylindrical surface area: 9.33 m™: vertical surface arca: 2.74 m°)

Heating up to

dveing temp.

Dveing

808x9.33=7.538 kj/cycle
(vertical) dissipation at (90+33)°C/2 = 61.5°C: 875 kj/m'h
875x2.74=2.397 kj/cycle

(cylindrical) dissipation at 90°C =1.900 kj/m:h
1.900x9.33x340/60=11.816 kj/cycle
(vertical) dissipation at 90°C =2.055 kj/m"h
2.055%2.74x30/60=3.753 kj/cycle

@ Total for dyeing qll = 7.538+2.397+11.816+3.753=25.506 kj/cvcle

(d) Heat carried by condensate qc

qc = 248.8kg/cyvelex (716.0-83.7) =157.316 kj/cycle

(e) Other loss gL

gL = Heat input — Heat output (qw + gqn + gl + qc)
= 656.185-(408.135+3.060+25.506+157.316) = 62.168kj/cycle

(cvlindrical) dissipation at (90+33)“C/2 = 61.5°C: 808 kj/m’h

Heat input kj/cvcle % Heat input kj/cycle %
Steam 656.185 100 - 656.185 100
consumption Heat taken by effluent 408.135 62.2

Heat taken by product 3.060 0.5
Heat dissipated 25.506 3.9
Heat taken bv condensate 157.316 24.0
Other heat loss 62.168 9.4
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5-2 Improvement
(1) lImprovement measures
(PDHeat recovery from warm effluent ... heat recovered via heat exchanger and used for dyeing
(heat exchange cfficiency 85%)
@Heat recovery from condensate...recycled for boiler
(@Heat insulation. .. reduction in heat loss. and safety (preventing burns)
@Lower liguor ratio...dyeing waler circulartion pump. and lower feed rate (liquor ratio 1:15-1:12)

(2) Claculations
Assumptions for calculation
*Production: 85kgx6cycle/day = 510 kg/day -unit  510x300days= 153.000kg/year - unit
*Heat of steam: 248 .8kg/cycle-steam 248 8x(2.721.1-83.7) kj/kg-steam=656.185 kj/cycle
*Heat generation per unit oil = 42.111kj’kg. Boiler efficiency = 80%
- Oil consiumption: 656.185kj/(42.111kj/kgx0.8) = 19.5kg/cycle
19.5x6¢ycle/day = 117kg/day = unit

cvcle/unit 6cycle/dav-unit |15 units/day
Production [ ke ) 8 f slo ] 7.650
Heat of steam kj 1656.185 3.937.110 | 59.056.650

Oil consumption _ I ke | 195 | m7 | L1755
kg-oil/kg 0.229 - -

Oil per unit production

@®Warm effluent heat recovery

*Heat carried by efflucent: 408.135 kj/cycle-unit recovered by heat exchanger. exchanger efficiency 85%
*Heat recoverd (cycle-unit)

408,135 kj=x0.85=346.915 kj/cycle
*Steam recovered (cvcle-unit)

=346.915/(2721.1-83.7) = 131.5kg/cycle

*Energy and cost saved (G: kg-oil/year. X: $/vear)

HL: 42.111 kj/kg. boiler efficiency: 80.0% (No.1 unit). oil@: high $0.2/kg. (low $0.1/kg)

G = 346.915/(42.111x0.8) = 10.30kg-oil/cycle
*Recovery per vear = 10.30x6x15x300 = 278.100kg - oil/vear
+Cosl saved per year
X1 =278.100kg»$0.2/kg = $55.620/year. X2 = 278.100kgx$0.1/kg = $2.781/vear

-Payback period (n vears)
*Investiment
Heat exchanger: $40.000. pipes: $10.000. pumps & tanks: $24.000. total = $74.000

‘n
P
Log| ——— P = effect ($)
P-L*x 1 L = investment ($)
n = I =interest 10%
Log (1 + 1)
n = log (55.620/(55.620-74.000x0.1) ) /log (1+0.1) log (1+0.1) =0.0414

n =logl.1525/10g (1+0.2) = 1.5 vears (3.0 vears)

@ Condensate recovery
Condensate is recovered after waste liquid recovery. Its effect is estimated from reduction in
steam consumption
*Reduction in scam consumption
(Heat input = heat input before recovery - recovered heat =656.185 - 346.915 = 309.270 kj/cyvcle)
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Heat input kj/cycle %
Heat of steam 656.185 100
Heat recoverd -346.915 * Recovery of effluent leads to
decreased heat input.
Total 309,270

=309.270/(2.721.1-83.7) = 117.3kg/cycle
Enthalpy of steam = 2.721.1kj/kg
Enthalpy of water = 83.7kj/kg

*Condensate recovery = 117.3*(716.0-83.7) = 74.169kj/cycle
-Recovered steam = 74.169/(2.721.1-83.7) =28.1kg/cycle
- Effect of condensate rtecovery 74.169kj/cvcle * unit
*Energy and cost saved (G: kg-oil/vear. X: $/vear)
HL: 42.111 kj/kg. boiler efficiency: 80.0% (No.1 unit). 0il@: high $0.2/kg. (low $0.1/kg)

G =74.169/(42.111x0.8) = 2.20kg"oil/cycle
*Recovery per year = 2.20x6x15x300 = 59 400kg - oil/year
*Cost saved per year
X1 =59.400x0.2 = $11.880/vear. X2 = 59.400x0.1 = $5.940/year

*Payback period (n years)
*Investment
Pipes: $7.200. tanks: $7.000. pumps: $5.000. total = $19.200

"n
P =
Log| —— p= ?fft?Cl $)
P—L* 1 L = investment ($)
1 =interest 10%
n =
Log (1 + D)
n = log (11.880/(11.880-19.200x0.1) ) /log (1+0.1) log(1+0.1) =0.0414

n = logl.2024/1og (1+0.2) = 1.9 years (3.9 vears)

3 Heat insulation
Heat insulation for surface of deving machine
Heat-insulated area: cylindrical surface area 9.33 m" vertical surface area 2.74 m*
Heat insulator: polyethylene t=15mm
heat conductivity 2= 0.146W/m+K  emissivity €= 0.35

- Heat dissipation beforc anf afier insulation kj/unit-cvcle
not insulated insulated cffect
dyeing process 25.506 5.624 19.881

+Effect of heat insulation 25.506-5.624 = 19.881 kj/cycleunit
*lmprovement in heat consumption
19.881/(2.721.1-83.7)=7.54kg/cycle
Enthalpy of stcam = 2.721.1kj/kg
Enthalpy of water = 83.7kj/kg
*Energy and cost saved (G: kg-oil/year. X: $/vear)
HL: 42.111 kj/kg, boiler efficiency: 80.0% (No.1 unit). 0il@: high $0.2/kg. (low $0.1/kg)

G = 19.881/(42.111x0.8) = 0.59kg-oil/cyvcle
*Recovery per vear = 0.59x6x15x300 = 15.930kg - oil/vear
+Cost saved per vear
X1 =15930x0.2 =$3.186/vcar. X2 =15.930x0.1 = $1.590/vear
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*Payback period (n vears)

* Inyestment
Heat insulation: $60/m?x12.1x15=$10.890
n
p
Log — P = effect ($)
P-L* 1 L = investment ($)
n = 1 =interest 10%
Log (1 + 1
n = log (3.186/(3.186-10.890*0.1) ) /log (1+0.1) log (1+0.1) =0.0414

n =1logl.5193/log (1+0.2) = 4.4 veras (8.8 vears)

@ Lower liquor ratio
Dyeing water circulartion pumps are installed to perform showering of dveing liquid. Liquid feed
rate is reduced from 1.300L to 900L.. Water temp. is measured at outlet of heat exchanger.
Present 1.300L 53°C
Improved 900L (liquor ratio reduced from 1:15 to 1:12. Fabric weight 85kg/cycle.)

*Reduction in heating  (1.300-900) x (95-53) x4.186 =70.325kj/cycle
+Reduction in steam consumption 70.325/(2.721.1-221.9) =2 93kg/cyvcle (53°C:221.9kj/kg)
-Energy and cost saved (G: kg-oil/vear. X: $/vear)

HL: 42.111 kj/kg. boiler efficiency: 80.0% (No.1 unit). oil@: high $0.2/kg. (low $0.1/kg)

G = 70.325/(42.111x0.8) =2.087kg-oil/cycle
*Recovery per year = 2.087x6x15x300 = 56.349kg* oil/year
*Cosl saved per vear
Reduction in steam heat : X1 = 56.349x0.2 = $11.270/yvear. X2 = 56.349x0.1 = $5.634/vear
Reduction in water cost: Y 1=(1.300-900)/1.000x6x15x300x$0.83/L = $8.964/vear
(Water price $0.83 includes cost for waste water disposal.)
Cost saved per year = X1+W1 = 11.270+8.964 = $20.234/year
(When oil price is $0.1: 5.634+8.964 = $14.598/year)
*Payback period (n vears)
*Investment
Pumps: $2.000. modification of rotating drum: $1.500 total = 3.500x 15units = $52.500

P
Log| ——— P=cffect ($)
P-L*x 1 L=investment ($)
n = [ =interest 10%
Log (1 + 1
n = log (20.234/(20.234-52.500>0.1) ) /log (1+0.1) log (1+0.1} =0.0414

n =logl.3504/log(1+0.2) = 3.1 vears

When oil price is $0.1.
n = log (14.598/(14.598-52.500x0.1) ) /log (1+0.1)
n =logl.5616/log (1+0.2) = 4.7 years
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5-3 Investments in dyeing equipment improvement for energy conservation

No | Equipment Improvement for energy conservation Specification Investment (US$)
5 |Dyeing 1. Heat recovery via heat exchange from effluent (total for 15 units)
machine
(1) heat exchanger plate type heat exchanger 40.000
K=16.800k)/m?*h-"C
number of plates
35 plates. 0.15m%/plate
(2)warm water feeding pump (VVVF control) |inverter and pump 10,000
piping works
(3)1ank installtion 60m’ x 2 units 24.000
| - I total] ] 74.000]
2. Recovery of heat from copndensate *1 (total for 15 units)
(1) piping works for heat recovery 40mm x 90m ¥80.000/m 7.200
(2)storage tanks 20m® tanks 7.000
(3)feed water pump equipment (VVVF control)}inverter and pump 5.000
B ] ] 1 B _total| ~19.200)
3. Heat insulation ($726/unit x 15 units)
polyethylene insulator t=15mm
insulation area  12.1m” 2=0.146 W/m-K 10.890
£=0.23
cost $60/m’
] [ total| 10.890
4. Modification for lower loquor ratio (total for 15 units)
(1)circulating pumps inverter and pump 2000x15=30.000
(2)rotary drum modification scrape-up blades 1500x15=22.500
i ] L "'7 total| B ~52.500]

*1) Recovered condensate heat is used for boiler water tank
Not useful to decrease steam consumption in dyeing machiones

_27—



*SOINSE3U MU JOJ SUOHB[NI[ED UI PIPN[OUI JOU JIB SAUNSLIUW TUNISIXI JO ST &
-pappe st uondunsuod 13)em Suraonpai Jo 102539 (7.
‘saurgoew Suradp 10 suone[nd[ed uondnpold Jiun Ul papn[oUl JOU ST ‘SYUE) 19)em IS[10q O) PaJ SI YITYm “Jesy pardaoddy (1.

: ! 60'C €67 onel 1onbi] JamoT p ‘aorduy
’ , , | 650 S vonensuy sy ¢ “aoduy
o : | k [\rard 3 vd 1eSUIPUOD WOy -mm‘q Niwmmm—mu
; ; 1 0£01 Wm.:u 194544 1°$81959 8'8HT S8 1318 3)SeM WOIJ Jeay T “aoidu]
W : _..oW 3y weais| SyH-TH. ures 3 Syuon uole[no[es 1oy suonduinssy
; i | | i i P3JIA0DAI| PAIIA0IAL Joeay wed)s  -onpoid
WY'SLL  |EP . Te]00STS | E€WT vrsiLl | £¥9'S L81'€C {8000 | 2000 10100 [Telz'e | pSEn’l 0£v°'9S forr'sL 9pSTY  TUSILT  :0TS'E96'T  000'S6T°T onje1 1onbi] 1amoT  *Aoiduy
zsiee |88 Jossor [vo (86T 'g6ST 08UV 0100 | 1000 1100  9¥STy €L  0f6'Sl . 0BSEOZ |69vSy  Z084¥T  OOILIE 000'S6LT " uoneqnsul sy ¢ ‘Aoxduyy
L. Jooz'sr |ovz  |ovg'B ove's 08LYT L L L I . 00v'6S | 009'88S . Z08'LbT 00191 000°S67C alesuapuod woly 183l ¢ “aordwy
208°LYT 000'vL | 6TS 08L'vT 018°L2 , 065'TS * 1100 A oo I €200 | 6'9PS'Y 6701°'S ‘o01'8LZ 005°0SS'¢ | 8'6¥9°6 206'STS 009°L1IL'9 000562 Iajem Q)Sem wWoJj JBOH | .>O.EE.~
| | H i ' : '
1o- A/3% $ % A/$ A A8 Sy/g Sys | Bws | WM | W AR AN 8y mo.x/8N XBX A/
T jusw Town T | TwewT T [[EL jusw Wwow | juew | '
; } : I ! uon uon uon
-oaordunt | sieak uoll | -sacudurt ~ paaes - -saoidunr ¢ -3aoiduit ¢ paaes - -daoidunt | -oaoidw | paaes paAes paAes ) i :
; e : : S | -onpoid  -duinsuos -dwnsuod
FEN -onpal JEN ] 210Jaq JED LI 210J3q nye :
uonduins B T T Suqe
" yoeqAed usw A313ud 1502 A319U2 ; (ouqey) 1500 AU 11Un | uae) o ueaNs nun 1o ureals uon S2INSEIN ON
-uod -1S9AUL i : | uononpoidun i -onpoid
31003 o 19339 Juswaaordwy T Juo1In)
(84/1°0¢ 231eyD) [ong MOT) T S1993d
"S9INSLIW MU 10 SUOT)E[NO[ED UI PIPNOUI JOU I SIINSLIW JUNISIX JO SIYT :,
*pappe s! uondunsuod 133em Juradonpal jo PP (.
‘sauryoew Suradp 10J suone[nd[ed uononpoId JIun Ul pIpN[OUI JOU ST ‘SYUE) I3jem 13[10q 0) P2y SI YOIy “jeay paraaoday (1.
. onel Jonbi JamoT ¢ ‘aoxdur
B T i o wone[nsuy 1eay ¢ Aoidury
T I - : ’ " ajesuapuod wolj jeay ¢ aoxdu
I 1°$81959 131em 2)sem Woly 1.l | “ao1du]|
: I sy uolje[no[es 10y suondwnssy
' i | i : Jo B3y i .
ra2 474! 880°S€E 98Tl | pLE'Y 1 s10°0 | 5000 0z0'0 TolT'e $$E0°1 10£V°9S | §§5°6¢ 9YSTY [45: 3874 025°€96°T  000'S6Z°C onel ._O:w: JamoT 4 "aoidur
7L8'1€T vLE'oy | osl'e 1g9s'sy | 0Z0°0 100'0 7200 9yST'D €762 '0g6°ST [08S'€0T | 6'9vS'y  (Z0S'LYT  0OI'L91'E 000'S6Z'T uoneqnsul jeay ¢ ‘aoxdur
' | . . i
I. 089'L€ 08811 [0Sy | I« . . L | I 00%°6S 009'88S To T08'LbT  001°L91°C '000'S6Z'T 2)esuapuod woly jesy ¢ ‘aorduwy
208°'Lve 0956y 1 079'SS © 081°501 2200 200 1900 6'9YS'y “ 6701°S W.oo—.th 005055t | 8'6t9°6 206°STS 009°L1L'9 '000°S6Z'C 1ajem 2)Sem WOy Jeay . [ .>oun_=:
110 - X/33 D V3 LS 3ys 3w W N /A K734 EZVE IR V- R V2 A/3Y
s Jel jusw juaw juaw ¢ [T “
: X ; uon uon uon
-oaordurt | sieak uon | -ssordunt ¢ paaes | -saoidunt | -saoidun | paaes -oaoidurt | paaes | paaes | paAes . : :
: ' : ! i -onpoid -duinsuod  -durnsued
Iaye -onpas FEN a0jaq | saye i aiojaq . aoye
uonduins jusw f (ouqey) uon .
~uoo [yoeqied 159U A819ud 1502 A319U0 (ouqey) 1500 A12u3 11Un I vononposd iun N o : weals Jjlun o wed)s -onpoxd saInseapy ON
k31003 o $1993)9 1uswaAordwy waun)y

(3W/Z'0$ 981ey) 10y YSIH) [ s1091d

sjun G :auiyoews Surak(|)
$393]J3 JO IST] p-€

—28 -



6. SL Drying Machines

6-1 Heat balance (assuming an ambient air temperature of 33°C)
Reference temp. for heat balance calculation 0°C, warming-up not included.
(1) Steam conditions

Steam pressure (gauge) P =0.5Mp

Enthalpy of dry saturated steam h” =2754.0 kj/kg

Enthalpy of saturated water h> =666.8 kj/kg

Dryness fraction X =098

Enthalpy of wet saturated steam h =27122 kj/kg h=h’+X(h”-h’)
Latent heat r =2,0452 kj/kg

(2) Steam consumption (per dyeing machine unit per operation cycle): 1,026 kg/h

5,000 — warming—up 4,400kg/h - 2units
4.,000—
3,000—
2,052kg/h=2units
2,000
No.2 unit
1,000—
(kg) No.1 unit
1ttt P

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Load curve (hours)

(3)Heat input kd/h
DSteam consumption |q s=1,026kg/hx2,712 kJ/k 2,782,717
(@Electricity-converted |q p=0,23kWh/kgx570kg/hx3,600 kJ/kWh 471,960
Air-carried heat q a=238Nm3/minx1.3kg/Nm3x60minx68.2 kl/kg 1,266,064
@Fabric-carried heat  |q f0=570kg/hx1.3 kJ/kg-"Cx33C 24,453
B®Moisture in fabric ~ |q w0=570kg/hx1.019x4.186 kJ/kg-Cx33°C 80,311
Total 4,625,505
(4) Heat output kd/h
(DExhaust-carried heat |q e= 238Nm3/minx1.3kg/Nm3x60minx184.1 kl/kg 3,417,632
(@Fabric-carried heat  |q f1=570kg/hx1.3 kJ/kg: ‘Cx70°C 51,870
®Moisture in fabric  |q w1=570kg/hx0.045x4.186 kJ/kg* Cx70°C 7,523
@Condensate-carried  |q c=1.8kg/kgx570kg/hx666.8 kl/kg 684,136
®Dissipation q I1=top102m’x343 kJ/m’- h+ vertical230m’x330+bottom102m*x305 141,996
®0Other loss q 1= heart input - heat output 322,348
Total 4,625,505
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6-2 Improvement

(1) Improvement measures
(DHeat recovery from exhaust... - heat exchangers installed on air lines to recover exhaust heat
(@Exhaust moisture control (VVVF control) ... -inverters on exhaust fans for moisture (WB) control
(Heat recovery from condensate ...recycled for boilers (closed circuit recovery)
@Heat insulation...study of effect of insulation and methods for recovery

(2) Claculations
Assumptions for calculation
*Production: 570kg-h-unit  570x12x2x300=4,104,000kg/year« fabric
(in service : 12hours/day, equipment: 2 units, yearly: 300 days/year)
-Steam (heat) volume: 1,026kg/h*unit 1,026x2,712.2 kl/kg=2,782,717 kJ/h-unit
-Oil volume:2,782,717kJ/(42,111kJ/kgx0.8) =82.6kg/h-unit 82.6x12h/dayx2 units=1,982.42kg/day
1,982.42x300=594,725kg/year - oil
+Unit consumption: 594,720/4,104,000=0.145 kg-oil/kg" fabric 0.145x42,111=6,106 kJ/kg- fabric

» Conditions for air supply and exhaust (to specify conditions for improvement)

current heat exchanger heat exchanger + VVVF
Exhaust DB°C 70 50 50
Exhaust WB°C 42 40 44
Enthalpy of exhaust kl/kg 184.1 161.1 200.9
Unit steam consumption kg/kg-fabric 1.80 1.43 1.33
Exhaust flow rate Nm®/min | 238 238 157

(DHeat recovery from exhaust... < heat exchangers installed on air lines to recover exhaust heat
Rotary-disk type sensible heat exchanger installed in dryer exhaust duct for heat exchange with fresh air
Unit consumption of steam decreased from 1.80 to 1.43 kg/kg

*Heat input kd/h
@Steam consumption q s=1.43kg/kg" fabricx570kg/hx2,712.2 kJ/kg 2,210,714
(@Electricity-converted q p=0,23kWh/kgx570kg/hx3,600 kJ/kWh 471,960
®Air-carried heat q_a=238Nm’/minx1.3kg/Nm°x60minx68.2 k/kg 1,266,064
@Fabric-carried heat q f0=570kg/hx1.3 k)/kg-‘Cx33°C 24,453
(®Moisture in fabric g w0=570kg/hx1.019x4.186 kJ/kg- ‘Cx33°C 80,311

Total 4,053,502

= Heat output kJ/h

(DExhaust-carried heat q e=238Nm3/minx1.3kg/Nm3x60minx161.1 kl/kg 2,990,660
(2Fabric-carried heat q f1=570kg/hx1.3 kl/kg* ‘Cx70°C 51,870
(dMoisture in fabric q w1 =>570kg/hx0.045x4.186 kJ/kg* ‘Cx70°C 7,523
@Condensate-carried q c=1.43kg/kgx570kg/hx666.8 kI/kg 543,508
®Dissipation q I=top102m°x343 kJ/m’* h+vertical230m’x330+bottom102m’x305 141,996
®Other loss q 1= heart input - heat output 317,945

Total 4,053,502

* Effect of recovery
*Recovered heat: difference between before and after installation of heat exchanger
2,782,717-2,210,714=570,004 kJ/h
* Volume of steam recovered (kg unit/h)
=570,004/(2712.2-83.7) =216.8kg/h
-Energy and cost saved (G: kg*oil/year, X:$/year)
HL: 42,111 kl/kg, boiler efficiency:80.0% (No.1 unit), 0il@ : high $0.2/kg, (low $0.1/kg)

G=570,004/(42,111x0.8) =16.92kg"oil/h
*Energy saved per year=16.92x2x12x300=121,824kg"oil/year
* Cost saved per year
X1=121,824x0.2=%$24,364/year, X2=121,824x0.1=3$12,182/year
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- Payback period (n years)
*Investment
Installtion fo rotary-disk type heat exchanger $40,000/unit 2 units total =$80,000

n
P
Log| —— P=effect ($)
P-Lx1 L=investment ($)
n = I =interest 10%
Log (1 + 1)
n = log(24,364/(24,364-80,000%0.1) ) /log(1+0.1) log(1+0.1) =0.0414

n = logl.489/log(1+0.2) = 4.2 years (8.4years)

(2Exhaust moisture control (VVVF control) ... *inverters on exhaust fans for moisture (WB) control
VVVF control of exhaust fans to keep constant moisture in exhaust
Unit consumption of steam decreased from 1.43 to 1.33kg/kg

*Heat input kJ/h
(DSteam consumption |q s=1.33kg/kg" fabricx570kg/hx2,712.2 kl/kg 2,056,118
@Electricity-converted q p=0,23kWh/kgx570kg/hx3,600 kJ/kWh 471,960
(@Air-carried heat q a= 157Nm3/minx1.3kg/Nm3x60minx68.2 kl/kg 835,177
@Fabric-carried heat  |q f0=570kg/hx1.3 kJ/kg* Cx33°C 24,453
(®Moisture in fabric  |q w0=570kg/hx1.019x4.186 kl/kg*"Cx33C 80,311

Total ) 3,468,019

*Heat output kJ/h
(DExhaust-carried heat q e= 157Nm3/minxl.3kg/Nm3x60minx200.9 kl/kg 2,460,221
(@Fabric-carried heat |q f1=570kg/hx1.3 kl/kg* Cx70°C 51,870
[@Moisture in fabric q w1=570kg/hx0.045x4.186 kJ/kg: Cx70°C 7,523
@Condensate-carried  |q c¢=1.33kg/kgx570kg/hx666.8 kl/kg 505,501
(®Dissipation q 1=top102m’x343 kJ/m’* h+ vertical230m’x330+bottom102m’x305 141,996
[®Other loss q I= heart input - heat output 300,908

Total 3,468,019

- Effect of recovery
*Recovered heat: difference between before and after installation of VVVF control
2,210,714-2,056,118=154,596 kJ/h

- Volume of steam recovered (kg*unit/h)
=154,596/(2712.2-83.7) =58.81kg/h

-Energy and cost saved (G: kg-oil/year, X:$/year)
HL:42,111 kJ/kg, boiler efficiency:80.0% (No.1 unit), 0il@ : high $0.2/kg, (low $0.1/kg)

G=154,596/(42,111x0.8) =4.59kg*0il/h
*Energy saved per year =4.59x2x12x300=233,048kg"0il/Y
* Cost saved per year
X1=33,048x0.2=$6,609/Y, X2=33,048x0.1=$3,304/Y

- Payback period (n years)
*Investment

Exhaust flow rate controller (inverter + moisture controller) $2,500/unit 2 units total=3$5,000
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p P=effect ($)
Log| — L=investment ($)
P-Lx1 I =interest 10%
n —_
Log (1 + 1)
n = log(6,609/(6,609-5,000x0.1))/log(1+0.1) log(1+0.1) =0.0414

n = logl.082/log(1+0.2) = 0.8 year (1.7 years)

( Heat recovery from condensate
Condensate heat recovery is performed after implementation of exhaust heat recovery and exhaust
moisture control. Its effect is estimated from decrease in steam consumption. Recovered heart is
fed directly to boilers (closed circuit recovery).

* Heat output kJd/h
(DExhaust-carried heat |q e=157Nm’/minx1.3kg/Nm’x60minx200.9 ki/kg 2,460,221
(@PFabric-carried heat q f1=570kg/hx1.3 kJ/kg: Cx70°C 51,870
(@ Moisture in fabric q w1=>570kg/hx0.045x4.186 kJ/kg-‘Cx70°C 7,523
@Condensate-carried  [q c=1.33kg/kgx570kg/hx666.8 kl/kg 505,501
(®)Dissipation q I=top102m’x343 kJ/m*- h+ vertical230m’x330+bottom102m’x305 141,996
®Other loss q 1= heart input - heat output 300,908

Total 3,468,019

-Effect of heat recovery from condensate 505,501 kJ/h

- Volume of steam recovered (kg*unit/h)
=505,501/(2712.2-83.7) =192.31kg/h

-Energy and cost saved (G: kg-oil/year, X:$/year)
HL:42,111 kJ/kg, boiler efficiency:80.0% (No.1 unit), 0il@ :high $0.2/kg, (low $0.1/kg)

G=505,501/(42,111x0.8) =15.00kg" oil/cycle
Energy saved per year =15.0x2x12x300=108,000kg " oil/year
* Cost saved per year
X1=108,000x0.2=$21,600/year, X2=108,000x0.1=$10,800/year

» Payback period (n years)

*Investment
booster pump for direct recovery: $20,000
modification in water supply to boiler: $5,000 total=$37,000
piping installtion $12,000
n
P P=ceffect ($)
Log| ——— L=investment ($)
P-Lx1 I =interest 10%
n =
Log (1 + D)
n = log(21,600/(21,600-37,000x0.1))/log(1+0.1) log(1+0.1) =0.0414

n = logl.206/log(1+0.2) =2.0 years (3.9 years)

(@ Heat insulation
Addition of 40-50mm glass wool to existing 20mm does not largely increase current heat insulation.
More than 10 years will be required for payback, and economic effect will be small.
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6-3 Steam piping
6-3-1

(1) Present condition

Heat insulation of pipe

Pipe size 4” (OD=114 mm) 6” (OD=165 mm)
Surface area 0.358 m*/m (=0.114*r) 0.518 m*m (=0.165*x)
Pipe length 130 m 100 m

Steam flow hour

24 hd

14 h/d

Heat insulation

20 mm thickness of glass wool

20 mm thickness of glass wool

Insulated length 52 m (=130*40%) 40 m (=100*40%)
Radiation heat rate of | 1,250 kJ/m* h 1,250 k}/m* h
insulated part = 447 kJ/m h (=1250%0.358) | = 647 kJ/m h (=1250*0.518)

Radiation heat of
insulated part

22,244 kJ/h
(= 447 * 52)

25,880 kJ/h
(= 647 * 40)

Not-insulated length

78 m (=130*60%)

60 m (=100*60%)

Radiation heat rate of

11,540 kJ/m* h

11,540 kJ/m* h

not-insulated part =4,131 kJ/m h =5,978 ki/m h
(=11540*0.358) (=11540*0.518)

Radiation heat of 322,218 k}/h 358,680 kl/h

not-insulated part (=4131*78) (= 5978 * 60)

Total heat radiation loss: 729,022 kJ/h

2

Improvement

Referring to Table 29 of Text No. 23 “Heat insulation technology for energy
conservation”, the thickness of economical heat insulation for 4” and 6” diameter pipe at
this temperature is 50 mm, and so heat insulation cannot be said sufficient with the

present 20 mm thickness glass wool.

Heat insulation of the pipe of 4”X 130 m and 6” X 100 m is renewed to SOmm thickness

glass wool.

Pipe size 4” (OD=114 mm) 6” (OD=165 mm)

Pipe length 130 m 100 m

Heat insulation 50 mm thickness of glass wool | 50 mm thickness of glass wool
Radiation heat rate of | 56 W/m =201 kJ/mh 74 W/m =266 kJ/m h
insulated part (=56*3.6) (=74*3.6)

Radiation heat of 26,130 kJ/h 26,600 ki/h

insulated part (=201 * 130) (=266 * 100)
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1) Total heat radiation loss: 52,730 kJ/h
2) Effect of insulation improvement: 676,292 kJ/h (=729,022 - 52,730)
3) Steam recovery rate: 676,292 / (2712.2 — 83.7)=257.3 kg/h
4) Energy and cost saved (G: kg-oil/year, X: $/year)
HL=42,111 kJ/kg, Boiler efficiency = 80.0% (No. 1 boiler),
Oil unit price: high $0.2/kg, low $0.1/kg
G = 676,292 / (42,111 X 0.8) X 14h = 281 kg-oil/day
Energy saved per year = 281 X300 = 84,300 kg-oil/year
Cost saved per year
X1 =84,300X0.2 =$16,860/year
X2 =84,300X0.1 = $8,430/year
5) Payback period
Investment cost
- Insulation of 4” and 6” pipe: 1.2 X (12000 X 50°(~1.17) + 100) X 10 $/m’
=1.2 (12000 X 0.0103 + 100) X 10
= $2,681 /m’

- Volume of heat insulation is given as (0.214"2 - 0.114"2) Xn/4 X130 m
=4.62 m’ for 4”pipe and (0.2652 — 0.165"2) X7/4X 100 m = 5.36 m’ for 6” pipe

- The overall heat insulation installation cost is as follows:
2681X4.62 + 2681 X5.36 =$26,756.-
Payback year: n
n = log(P / (P-L*I)) / log(1+])
P = Saved cost (§), L=Investment ($), and I = Interest rate (10%)
Case X1:
n =1og(16,860 / (16.860-26,756 X 0.1)) / log(1+0.1) = log1.189/log1.1 = 1.8 years
Case X2:
n =1og(8,430 / (8,430-26,756 X0.1)) / log(1+0.1) = log1.465/log1.1 = 3.9 years
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6-3-2 Steam leakage

Steam leakages are found at steam traps and pipe flanges.

(1) Present condition

Pipe size 4” (OD=114 mm) 6” (OD=165 mm)
Steam flow hour 24 h/d 14 h/d

Steam trap with leakage 4-set 2-set

Steam leakage volume per trap 30 kg/h 30 kg/h

Steam leakage from traps 120 kg/h 60 kg/h

Pipe flange with leakage 10-set 0

Hole equivalent to leaked flange gap | 1.5 mm diameter -
Leaked volume of steam per flange 8 kg/h

Steam leakage from flanges 80 kg/h

Total heat leakage loss: 260 kg/h =260 X (2712.2 — 83.7) = 683,280 kJ/h

(2) Improvement

Leaked steam traps are replaced with new ones and leaked flanges are repaired with
tightening of bolts or change of gaskets.

1) Effect of stop of leakage: 260 kg-steam/h = 683,280 kJ/h
2) Energy and cost saved (G: kg-oil/year, X: $/year)
HL = 42,111 kJ/kg, Boiler efficiency = 80.0% (No. 1 boiler),
Oil unit price: high $0.2/kg, low $0.1/kg
G =683,280/ (42,111 X0.8) X 14h = 284 kg-oil/day
Energy saved per year = 284 X300 = 84,200 kg-oil/year
Cost saved per year
X1 =84,200X0.2 = $16,840/year
X2 =84,200X0.1 = $8,420/year
3) Payback period
Investment cost
- Replacement of steam traps:
Price of a steam trap: $170.- for float type
Price of steam traps: 170X 6 = $1020.-
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- Repair of flanges: maintenance cost

Payback year: n

n = log(P / (P-L*I)) / log(1+1)

P=Saved cost ($), L=Investment ($), and I=Interest rate (10%)

Case X1:

n = log(16,840 / (16.840-1,020 X 0.1)) / log(1+0.1) = 10og1.006 / log1.1 = 0.1 years
Case X2:

n = log(8,420/ (8,420-1,020 X 0.1)) / log(1+0.1) =log1.465 / logl.1 = 0.1years
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6-4 Investments in drying equipment improvement for energy conservation

No| Equipment Improvement for energu conservation Specification Invesdtment (USS$)
6 |Drying 1. Heat recovery from exhaust (2 units)
machine | (1)heat-exchanger disk-type heat exchanger |40,000/unit
80,000
total 80,000
2. Control of moisture in exhaust (2 units)
(1) VVVF equipment 2.2 kW inverter 2,000/unit
4,000
(2) Moisture control sensor 500/unit
1,000
__total 5,000
3. Heat recovery from condensate *1 (2 units)
(1) booster pump for recovery 5.5 kW recovery pump 20,000
(2) Modification in boiler water feeder water level controller 5,000
(3) Piping works for recovery 32mmx160mx$75/m 12,000
- total_ 37,000

*1) Recovered condensate heat is used for boiler water tank
Not useful for steam consumption in drying machiones
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7. Heating Furnace

7.1 Summary

(1) Present problems

Apparatus

Problem

Improving measure

Industrial | 1
furnace

Since the air ratio is as high as 1.6, the | 1
exhaust gas heat volume is large.

Introduce automatic combustion
equipment for optimizing the air

high temperature of 1000°C, the
exhaust gas is not recovered.

ratio.
2 | Since the furnace walls are not 2 | Veneer the furnace walls with an
veneered, the radiation heat loss from optimum thickness.
the furnace walls is as large as
88,710 kcal/h.
3 | Since the exhaust gas is discharged at a| 3 | Introduce a recuperator for heat

exchange between exhaust gas
and combustion air, to recover
the waste heat.

(2) Effect of energy conservation

Production and. energy Energy cost Energy Rec;ov-
consumption cost |lInvested| ering

No. | Improve- (Calorific value) Unit Before After Effect | reduc- | amount| years
ment item 10,060 kcal/kg price | improve- | improve- tion rate

ment ment
Unit | Before After |Effect |$/t-fuel $/y $/y $/y % $ year
improve-|improve-
ment ment

Production t/y 7,200

1 |Optimiza- t/y 441.5 332.0/109.5] 200 88,294 66,399 21,895 24.8| 32,000 1.7
tion of air
ratio Mcal/t 616.8] 463.9/153.0 100 44,147 33,200 10,948 24.8 3.6

2 |Intensifica- | t/y 332.0f 284.0] 48.0] 200 66,399 56,794 9,605 14.5{ 23,800 3.0
tion of heat
insulation | Mcal/t 463.9| 396.8] 67.1 100 33,200 28,397 4,803 14.5 7.2
(50mm)

3 |Installation| t/y 284.0, 200.1; 83.9] 200 56,794 40,019| 16,775 29.5| 50,000 3.7
of Mcal/t 396.8| 279.6/117.2 100 28,397 20,010| 8,387 29.5 9.5
recuperator

Total t/y 441.5| 200.1{241.4] 200 88,294| 40,019| 48,275 54.7| 105,800 2.6
Mcal/t 616.8 279.6{337.3 100 44,147 20,010 24,138 54.7| 105,800 6.1
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Optimizing the air ratio not only brings about an energy cost saving but also increases the
production output through a reduction in scale loss. For example, a change in air ratio from 1.6
to 1.2 would result in an annual production increase of 15 tons.

Assuming the same production output (7,150 tons/year), the reduction in scale loss would
result in a 15-hour reduction in operating hours, which translates into a fuel cost saving of 42—
138 dollars/year. However, this fuel cost saving would only be equivalent to about 0.2% of
the total annual fuel cost, and would therefore have no significant impact on the length of the
payback.

Important considerations for energy conservation involving combustion-type industrial
furnaces are as follows:
(1) Reduction of exhaust gas waste heat

a) Keeping air ratio as close to unity as possible (1.2 or less)
Adjustment of air valve opening; automatic control of air valve according to the amount of
fuel to be burned

b) Reduction of air intrusion and combustion gas release
Automatic furnace pressure control via flue damper

¢) Recovery of waste heat using heat exchangers
Preheating of combustion air; exhaust gas boiler

(2) Reduction of other heat losses

a) Reduction of heat dissipation from furnace walls
Strengthening of heat insulation (veneering)

b) Reduction of cooling water waste heat
Strengthening of heat insulation; elimination of water cooling through introduction of heat
insulator

¢) Reduction of heat loss from openings
Radiation shield

As has been mentioned in the lecture, the following are the major considerations for the
furnace at the model factory, with the rest more or less negligible:

1. a), b) Reduction of actual air ratio with air intrusion taken into account
2. a) Reduction of heat dissipation from furnace walls
1. ¢) Recovery of waste heat using heat exchangers

Of these three measures, the reduction of heat dissipation from furnace walls involves four
options: 25, 50, 75 and 100 mm in terms of veneering thickness.

Waste heat recovery, on the other hand, involves two options: the introduction of heat
exchangers while leaving the existing furnace as it is; and the introduction of heat exchangers
after reducing the exhaust gas volume. The latter should normally be used.
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Although the amount of heat recovered increases with the increase in exhaust gas volume,
its effect will not reach beyond the sensible heat carried by the increased exhaust gas, as the
heat exchanger effectiveness is less than 1. Therefore, this is not worthwhile economically,
although it still depends on the cost of the heat exchanger.

The calculation of the heat balance and cost vs. benefit for each veneering thickness option
in the case of applying it to the existing furnace on its own shows that 50 mm (Case C) is the
most economical thickness.

Calculations of the heat balance and cost vs. benefit for the introduction of a heat exchanger
with the existing furnace intact (Case I) and those for the introduction of a heat exchanger after
a reduction in air ratio (Case H) show that system 2 is superior economically, as well as
technically.

Although a choice of the three measures explained above, either used individually or in
combination, depends on the budget, first priority should be given to a reduction in air ratio,
then 50 mm-thick veneering, followed by the introduction of a heat exchanger, as can be seen
from the payback tables.

Here, combining all three measures is given as the standard solution, as its payback period
is only 1.6 years. (Case H of Heat Balance and Payback Table. ($0.2/kg-fuel)

Annual fuel cost saving

log (
Annual fuel cost saving — Investment X Interest

log (1 + Interest)

Payback year =
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Heat Balance and Payback

(Low Fuel Charge 0.1 $/kg)

Operation=7200 h/year Interest=10%/year

Original First Step iSecond Stepi Third Step Ideal
Air Ratio : Veneering iRecuperator| Improvement
Case Number A B C D E
Air Ratio - 1.6 1.2 12 1.2 1.2
Scale Loss Improvement - 1 0.7 0.7 0.7 0.7
Insulation Thickness mm 0 0 50 50 50
Wall Loss MJ/h 371 3N 216 216 216
Preheated Air Temp °C 33 33 33 600 600
Fuel Consumption kg/h 61.3 46.1 39.4 218 218
Annual Fuel Consumption kg/year 441306 331919 283904 200043 200043
Annual Fuel Cost US $/year 44131 33192 28390 20004 20004
Annual Fue! Cost Saving US $/year 0 10939 4801 8386 24126
Input Fuel's Heat Value MJ/h 2581 1941 1660 1170 1170
Input Preheated Air's Sensible Heat MJ/h 0 0 0 272 272
Input Scale Producing Heat MJ/h 30 21 21 21 21
Output Material's Sensible Heat MJ/h 638 639 639 639 639
Output Exhaust Gas Loss MJ/h 1512 864 739 521 521
Output Wall Loss MJ/h 371 3N 216 216 216
Output Cooling Water Loss MJ/h 84 84 84 84 84
Output Scale’s Sensible Heat MJ/h 6 4 4 4 4
Total Input MJ/h 2611 1962 1681 1463 1463
Total Output MJ/h 2611 1962 1681 1463 1463
Input — Output MJ/h 0 0 0 0 0
Investment of Air Control uss$ 0 32000 0 0 32000
Investment of Insulation us s 0 0 23800 0 23800
Investment of Air Preheat uss 0 0 0 50000 50000
Total Investment uss 0 32000 23800 50000 105800
Payback year (Interest 10%) year 0.0 3.6 7.2 9.5 6.1
(Interest 5%) 0.0 3.2 58 7.3 5.1
(Interest 3%) 0.0 3.1 5.4 6.7 4.8
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Heat Balance and Payback

Operation=7200 h/year Interest=10%/year

Original | First Step :Second Step: Third Step Ideal
Air Ratio Veneering :Recuperator] Improvement
Case Number A B C D E
Air Ratio - 1.6 1.2 1.2 1.2 1.2
Scale Loss Improvement - 1 0.7 0.7 0.7 0.7
Insulation Thickness mm 0 0 50 50 50
Wall Loss MJ/h 37N 3N 216 216 216
Preheated Air Temp °c 33 33 33 600 600
[Fuel Consumption kg/h 61.3 46.1 394 278 278
Annuat Fuel Consumption kg/year 441306 331919 283904 200043 200043
Annual Fuel Cost US $/year] 88261 66384 56781 40009 40009
Annual Fuel Cost Saving Us $/year 0 21877 9603 16772 48253
Input Fuel's Heat Value MJ/h 2581 1941 1660 1170 1170
Input Preheated Air's Sensible Heat MJ/h 0 0 0 272 272
Input Scale Producing Heat MJ/h 30 21 21 21 21
Output Material's Sensible Heat MJ/h 638 639 639 639 639
Output Exbaust Gas Loss MJ/h 1512 864 739 521 521
Output Wall Loss MJ/h 3N 3N 216 216 216
Output Cooling Water Loss MJ/h 84 84 84 84 84
Output Scale’s Sensible Heat MJ/h 6 4 4 4 4
Total Input MJ/h 2611 1962 1681 1463 1463
Total Output MJ/h 2611 1962 1681 1463 1463
finput - Output MJ/h 0 0 0 0 0
Investment of Air Control uss 0 32000 0 0 32000
Investment of Insulation uss$ 0 0 23800 0 23800
Investment of Air Preheat uss$ 0 0 0 50000 50000
Total Investment us $ 0 32000 23800 50000 105800
Payback year (Interest 10%) year 0.0 1.7 3.0 3.7 26
(Interest 5%) 0.0 16 2.7 33 24
(Interest 3%) 0.0 1.5 2.6 3.2 2.3
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8. Blower for Dust Collector

8.1 Summary
Before After Effect
No. | Improvement improvement | improvement Investment | Payback
measure (kWh) (kWh) Energy saved | Cost saved | (US$) years
(kW) (US$/year)
1 | Change of 257,760 158,880 99,880 19,800 55,500 3.45
motor
75 kW—37 kW
Damper control
— Inverter
control
8.2 Change of motor from 75 kW to 37 kW
From the Table Motor efficiency = 0.94
. 1
Li' = 28.0 x 094~ 29.8 (kW)
. Power conservation = 31.5 - 29.8 = 1.7 kW
8.3 Damper Control — Inverter control
1) Motor input at present
Motor input at 800 m3/min = 31.5 kW
Motor input at 300 m3/min
From power consumption curve of discharge damper control
. 0.74
Motor input L =1.05 X 31.5=222kW
2) Motor input after improvement

Motor input at 800 m3/min = 29.8 kW
Motor input at 300 m3/min

From power consumption curve of inverter control

Motor input L =(1)'—8; x29.8 =2.0kW

Inverter input L3 =2.0 X % =22kW

Inverter efficiency = 0.9
Power conservation at 800 m3/min

=31.5-29.8=1.7kW
Power conservation at 300 m>3/min
=222-22=20kW
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8.4 Power conservation
(1) Atpresent

Hour [0-7 |7-8 |8-9 [9-10|10-11{11-12[12-13|13-14|14-15|15-16| 16-17| 17-18 18-19{ 19-20{ 20-21| 21-24| Day
total
Blower| 0 | 0 [31.5/22.2{22.2(31.5| 0 |[31.5]|22.2(22.2(31.5(31.5|22.2(22.2|31.5| 0 |322.2
No.l
Blower| 0 | 0 [31.5(22.2{22.2(31.5| 0O 0 |[31.5]|22.2(22.2|31.5] 0 0 0 0 [214.8
No.2
Blower| 0 |[31.5(22.2/22.2|31.5| 0 |31.5]22.2/22.2(31.531.5[22.2(22.2(315] 0 0 [322.2
No.3
Total | 0 [31.5/85.2/66.6|75.9 |63 |31.5(53.7|75.9(75.9|85.2(85.2|44.4(53.7(31.5| 0 {859.2
kW
(2) After improvement
Hour [0-1 [7-8 [8-9 |9-10|10-11|11-12{12-13|13-14|14-15/15-16|16-17|17-18|18-19| 19-20|20-21|21-22| Day
total
Blower| 0 | 0 |29.8 2.2| 221298 0 [29.8] 2.2| 2.2(298(29.8| 2.2| 22298 0 |192
No.l
Blower| 0 | 0 [29.8] 2.2| 2.2]29.8| 0 0 [29.8] 221 2.21298]| 0 0 0 0 |128
No.2
Blower| 0 |[29.8 2.2 2.2/29.8| O 208 2.2 2.2129.8(29.8| 2.2 2.2(129.8| 0 0 192
No.3
Total | O |29.8 61.8 6.6/34.2|59.6 29.8(32 |34.2|34.2|61.8/61.8| 4.4/32 [29.8] 0 |512
kW
Re- 0| 1.7123.460 |41.7| 3.4| 1.7[21.7(41.7]41.7(23.4[234]40 |21.7| 1.7 0 |347.2
duced
kW
8.5 Annual reduct cost
Annual power conservation = 347.2 X 25 days X 12 months = 104,160 kWh
Anual reduced cost = 104,160 x US$0.17 /kWh = US$17,701 ($0.17/kWh)
= 104,160 x US$0.08 /kWh = US$8,333 ($0.08/kWh)
8.6 Investment

Inverter capacity = 37 kW same as motor kW

Investment

Payback period =

or

= 37 kW X 3 units US$500/kW = US$55,500

69,930 _
17,707 =

— 48—

3.9 years ($0.17/kWh)




17,707

log (
17,707 - 69,930 x 0.1

no= log (1 + 0.1)

o 11,707
_log (o714 ) 0.218
log 1.1~ 0.0414

= 5.3 years

Payback period = 689’3933;) = 8.4 years

or

8,333
log (
_ 8,333 - 69,930 x 0.1
no= log (1 + 0.1)
8,333

o2 (7320 ) 0.793
log 1.1 7 0.0414

= 19.2 years
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9. Pump

9.1 Summary
Before After
X . Effect
No. | Improvement improvement | improvement Investment | Payback
measure (kWh) (kWh) Energy saved | Cost saved (USS$) years
(kW) (USS%/year)
1 Booster pump 6,402 4.0
Change of pump 105,264 69,840 35,424 ($0.17/kWh) 24,990 | ($0.17/kWh)
22 kW11 kW 3,012 48.4
(30.08/kWh) ($0.08/kWh)
9.2 After improvement
1) Install a booster pump
2) Change the exiting pump (22 kW) to new
1 m?/min
pump as shown on right figure. P, 0.5 m’ /min)
- Decision of motor capacity of >
Axial power P is obtained by equation (3) on 3 m3/min
page 76 of Textbook No.7. @ (1.5 m /min)
0.163-1-4-10
Pl = 0.76 = 8.58 kW l

So we choose 11 kW motor for new pump

- Decision of motor capacity of
1 = 69% (from Fig. 47 of Textbook No.7)

Axial power P is obtained by equation (3) on page 76 of Textbook No. 7.

Py =

_0.163-1:1:10
0.69

=2.36 kW

So we choose 3.7 kW motor for booster pump

® Motor input at flow rate 4 m3/min

(a) New pump

nM: 0.92 (from Table on ECCJ Factory page 32, High Efficiency Motor)

Liy =

0.163-1-4-10 l
X

0.76

0.92

=0.32 kW

—50-




(b) Booster pump Flow rate = 1 m3/min

nMm: 0.86 (from Table on ECCJ Factory page 32, High Efficiency Motor)

0.163-1-1-10 |

Li2="060 % 08 = 275kW

(c) Total motor input LiT
Litr =L +Li2
=932 +2.75
= 12.07 (kW)

@ Motor input at flow rate 2 m3/min

(a) New pump

n: 73%
nm: 0.88
0.163-1-2-10 1
Li1= 073 X 088 =507 kw

(b) Booster pump Flow rate = 0.5 m3/min

N 62%
nv: 0.80
0.163.1.0.510 1
Liz = 062 X080 = [64kW

(¢) Total motor input LT
Lir =Lj +Li2
=5.07+ 1.64 =6.71 (kW)

9.3 Power conservation after improvement
1) At flow rate 4 m3/min
Motor input at present 18.85 (kW)
Motor input after improve. 12.07 (kW)
Power conservation 6.78 (kW)

2) At flow rate 2 m3/min
Motor input at present 10.39 (kW)
Motor input after improve. 6.71 (kW)
Power conservation 3.68 (kW)
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(3) Annual power conservation
6.78 x 12 hrs x 300 days + 3.68 x 12 hrs X 300 days = 37,656 kWh

Annual cost reduction
37,656 kWh x US$0.17/kWh = $6,402/y
37,656 kWh x US$0.08/kWh = $3,012/y

(4) Investment
(11 kW + 3.7 kW) x $US1,730 = US$25,431

(5) Payback period ($0.17/kWh)

25,431
6.402 = 4.0 years

6,402

lo
_ g(6,402—25,431 x 0.1
n= log (1.1)

log ¢ 6:402
_loe(385%) 0220
log (1.1) ~0.0414 = °-> years

Payback period ($0.08/kWh)

25,431
3.012 - 8.4 years

or

3,012

log (
_ 3,012 — 25,431 x 0.1
n= Tog (1 +0.1)

3,012
log ( 469 )

= log (I.1)

= 19.5 years
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10. Compressors

10.1 Summary

(1) Present problems

1) Compressors are continuously operated irrespective of the change in the consumption
of compressed air. The number of operating compressors should be adjusted to suit
the consumption.

2) Though compressed air with a pressure of 5 kg/cm? is needed, the discharge pressure
of compressors is 7 kg/cm2, being rather higher than needed. Even if the pipeline
pressure loss is taken into account, the pressure can be lowered to 6 kg/cm?2.

3) The suction temperature is as high as 50°C though the open air temperature is 33°C. If
the open air is directly sucked, the electric power consumption can be lowered.

(2) Effect of energy conservation

No [uprovement ?;%?gsement After inerovement . dBerct — - Investment Payback
measutre k¥h/y) (x¥h/y) \ etk e °liss?yS (Us$) years
) Case 1| 285,690 89.310 [7.951 0. 84
| | Operation 375,000 | Case 2| 290,820 84, 180 6, 920 15. 000 0. 89
@ethod Case 3| 285,210 89, 730 18, 036 0.83
) Intake air 375. 000 355. 125 19, 875 3,995 5,000 1.25
temperature
Electric charge 0.201 USS/kTh
; Effect '
No Improvement Eﬁg?ggenent After improvement . - fec — - Investment Payback
o XY v 0s save
neasure (k¥h/y) (kEh/y) . nczﬁ¥h7$)e ‘ tissavs (Uss) years
i Case || 285,690 : 89,1310 8,484 .71
| Operation 375.000 | Case 2| 290,820 34, 180 7,991 15. 000 1.8
we thod Case 3| 285.270 89. 730 8. 524 118
5 Intake air 375, 000 155, 125 19, 8175 1,888 5,000 2.65
temperature
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10.2 Adjustment of operating units

If the flow rate of each compressor is known beforehand, the number of operating
compressors is adjusted according to the necessary air quantity. To decide the compressors to
be operated, the following procedure is used.

(1) Compressors are first classified into the screw type and the reciprocating type, and then
arranged in order from ones with larger capacity.

(2) Until a total value of compressors exceeds the necessary flow rate of air, the compressors
to be operated are decided in order of the screw type and the reciprocating type.

(3) Of the compressors, one unit will be operated intermittently — the compressor that will
make the off period as short as possible should be selected.

By deciding the compressors to be operated for each hour following the above-mentioned
procedure, and by determining the electric power consumed by each compressor, the consumed
wattage of the whole can be calculated.

Incidentally, the consumed electric power of a compressor operated intermittently can be
calculated from the rate of load hours and idling hours.

By setting the following for the compressor to be operated intermittently;

Flow rate: Qmax  m3/min
Electric power during load hour: Wi KW
Electric power during idling hours: Wy KW

and by setting an air quantity Qr to be supplied by this compressor, the load hours t| and the
idling hours t, are determined as follows.

tl = Q‘ = Qmax QI‘
Qmax fu Qmax
Therefore, the consumed electric power during the intermittent hours is

W W1 Qr + Wu Qmax Qr

max Qmax

= G- (W1 - Wy + Wy

The result of these calculations are shown in Table 1 and 2.

If the number of operating units is not adjusted, all compressors will operate from 8:00 to
21:00. In this case, the compressors that are not required will be left in the idling condition, so
the electric power used for the idling is a loss. The electric power loss calculated in this way is
shown in the bottom stage of Table 1 and 2.
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10.3 Reduction of discharge pressure

Power necessary for compressing the air varies by the ratios of pressure at the inlet and
outlet of a compressor. As the intake pressure is nearly equal to the atmospheric pressure, the
necessary power is reduced by decreasing the discharge pressure. This relationship is shown
in Fig. 36 of the textbook.

The maximum pressure of the working side is 5 kg/cm2g. Therefore, supposing that the
outlet pressure of the compressor is decreased from 7 kg/cm?2g (8 kg/cm?2a) to 6 kg/cm?2g
(7 kg/cm2a), with a pressure loss in the piping taken into account, the necessary power is,
from Fig. 36, reduced from 4.5 kW/(m3/min) to 4.15 kW/(m3/min), and the consumed
electric power is reduced by 7.8%.

10.4 Temperature reduction of intake air

Power necessary for compressing the air is proportionate to the volume of intake air. As
the volume of air is proportionate to the absolute temperature, a necessary power for
compressing certain volume of air is increased when the temperature of the intake air rises.

When the present temperature of intake air 50°C is dropped to 33°C by taking the

atmosphere as is,

33 +273

50+ 273 - 0947

namely, the consumed electric power is reduced by 5.3%.

Power necessary for compressing also varies by moisture, besides temperature. When the
intake air is cooled down with water, together with removal of moisture content, a large effect
can be attained. This relationship is shown in Fig. 37 of the textbook chapter 14.
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11. Transformer

No.| Improvement | Before After Effect Investment | Payback
measure improvement | improvement Energy saved | Cost saved (US$) years
(kWh) (kW) (US$/year)
19,112 0.3
1 | Power factor 0.87 0.95 ($0.17/kWh) 5,000 (80.17/xWh)
improvement 9,556 0.5
($0.08/kWh) ($0.08/kWh)

11.1 For Fuji ($0.017/kWh)

1)

2)

3)

4)

Annual demand charge before improvement
1,422 [kW] x US$14/kW X (1.85 — 0.87) x 12 [month] = US$234,118

Annual electric charge after improvement
1,422 [kW] x US$14/kW X (1.85 — 0.95) x 12 [month] = US$215,006

Annual reduced cost

US$234,118 — US$215,006 = US$19,112

Investment

Condenser capacity: 200 kVA
Investment = 200 kVA x US$25/kVA = US$5,000

: 5,000 _
Pacyback period = 19.112° 0.3 year

or
19,112
log (
_ 19,112 - 5,000 x 0.1
n= log (1 +0.1)
log ( 19:112
_eCigen ) _oouts_ .
log (1.1) ~0.0414 = 7> Year
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11.2 For Sakura ($0.08/kWh)

1) Annual demand charge before improvement

1,422 [kW] x US$7/kW x (1.85 - 0.87) x 12 [month] = US$117,059

2) Annual electric charge after improvement

1,422 [kW] x US$7/KW x (1.85 - 0.95) x 12 [month] = US$107,503

3) Annual reduced cost

US$117,059 — US$107,503 = US$9,556

4) Investment

Condenser capacity: 200 kVA
Investment = 200 kVA x US$25/kVA = US$5,000

kd

Pacyback period = 95 22(6) = 0.5 year

or

9,556
log (
_ 9,556 — 5,000 x 0.1
n= log (1 +0.1)
9,556

_12 (o056 ) _00233_
fog (1.1) ~ 0.0414 ~ -0 year




(1) At present

Load A
Hour 0-1 1-2 2-3 3-4 4-3 5-6 6-7 7-8 8-9 9-10 1 10-11} 11-12] 12-13
Pump 10.39 10.39 10.39 10.39 10.390 10.39 10.39 10.390 18.85 18.85 18.85 18.85 18.85
Blower 0 0 0 0 0 0 0 o 31.5 2220 222 31.5 0
No.1
Blower 0 0 0 0 0 0 0 O 31.5 22,2 222 31.5 0
No.2
Blower 0 0 0 0 0 0 o 31.5 22.20 222 31.5 0 31.5
No.3
Compress| 21.70 21.7 21.7) 21L.7y 21.7} 21.7) 21.7} 21.7 90 59.11 59.11 59.1] 25.3
or
Others 167.91167.911167.91/167.91/167.91[167.91{167.91/ 136.41/405.95/455.45/446.15/459.05 124.35
Total (A) 200 200 200 200 200 200 200 200 600 600 600 600 200
Hour 13-141 14-151 15-16116-17| 17-18 18-191 19-20120-21] 21-22{ 22-231{ 23-24 Day total
Pump 18.85 18.85 18.85 18.85 18.85 18.85 18.85 10.390 10.39 10.39 10.39 350.88
Blower 31.5 2220 22.20 31.5 31.5 22.2 222 31.5 0 0 0 322.2
No.l
Blower o 31.5 22,2 22.2 31.5 0l 0 0 0 0 0 214.8
No.2
Blower 22,2 2220 31.5 31.5 22.20 222 31.5 0 0 0 0 322.2
No.3
Compress| 75.6( 62.9 62.9 62.9 62.9 629 62.9 629 21.7 21.7 21.7 1047.2
or
Others 451.85(442.35/442.35(433.05433.05/473.85/464.55 95.21]167.91]1167.91]167.91 6942.72
Total (A) 600 600 600 600 600 600 600 200 200 200 200 9200
Load B
Hour 0-1 1-2 2-3 3.4 4-5 5-6 6-7 7-8 8-9 9-10 { 10-111 11121 12-13
Lighting 0, 0 0 0 0 0| 0 60 60 60 60 60 60
Others 300 300 300 300 300 300 300 240 740 740 740 740 240
Total (B) 300 300 300 300 300 300 300 300 800 800 800 800 300
Hour 13-141 14-15}115-16] 16-17| 17-18] 18-19] 19-20[ 20-21.} 21-22] 22-23| 23-24 Day total
Lighting 60 60 60 60 60 60 60 60 60 60 0 960
Others 740 740 740 74() 740 740 740 240 240 240 300 11740
Total (B) 800 800 800 800 800 800 800 300 300 300 300 12700
Hour 0-1 1-2 2-3 34 4-5 5-6 6-7 7-8 8-9 9-10 10-31 | 11-12 {12-13
Total 500 500 500 500 500 500 500 500 1400 1400 1400 1400 500
(A+B)
TR. Loss 8.75 8.75 875 8.75 8.75 8.75 8.75 8.75 21.72 21.72| 21.72] 21.72] 8.75
TR pry 508.75/508.75/508.75/508.75/508.75/508.75/ 508.75{508.75[1421.72( 1421.72({1421.72(1421.72|508.75
kW
kvar 242,20 242.2 242.2 242.2 242.2) 242.2 242.2% 242.2] 867.6 867.6] 867.6] 867.6] 242.2
Hour 13-14114-15 | 15-16 1 16-17 1 17-18 1 18-19-119-20 1 20-21 | 2]1-22 | 22-23 | 23.24 Day total
Total 1400/ 1400( 1400, 1400| 1400/ 1400| 1400 500 500 500 500 21900
(A+B)
TR. Loss | 21.72| 21.72| 21.72| 21.72] 21.72{ 21.72| 21.72] 8.75 8.75 8.75 8.75 352.67
TR pry 1421.7(1421.7[1421.7|1421.7|1421.7{1421.7|1421.7/508.75| 508.75 508.75| 508.75 22252.67
kW
kvar 867.6| 867.6] 867.6] 867.6] 867.6| 867.6] 867.6| 242.2| 242.2 242.2 2422 12692.2
Power factor
= 22253/25618=0.87
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(2) After improvement (before p. f improv.)

Load A
Hour 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 | 9-10 ]| 10-11} 11-12] 12-13
Red of 3.68) 3.68 3.68 3.68 3.68 3.68 3.68 3.68 6.78 6.78 6.78 6.78 6.78
Pump
Red of 0 0 0 0 0 0 0 1.7, 23.4 60 41.7 3.4 1.7
Blwr
Red of 0.87 0.87, 0.87] 0.87, 0.87 0.87 0.87 0.87 3. 7.1 7.1 7.1 1.01
Comp
Total (A) |195.45/195.45/195.45195.45/195.45/195.45/195.45/193.75/566.22/526.06/544.36/582.66 190.51
Hour 13-14 1 14-15115-16 | 16-17 1 17-18 1 18-19119-20120-21 | 21-22 122-23 123-24 Day total
Red of 6.78) 6.78/ 6.78; 6.78| 6.78| 6.78/ 6.78] 3.68) 3.68 3.68 3.68 125.52
Pump
Red of 21.7| 41.7| 41.7| 23.4| 234 401 21.7 1.7 0 0 0 347.2
Blwr
Red of 3.02| 7.32| 7.32| 7.32| 7.32| 7.32 7.32) 7.32) 0.87 0.87| 0.87 89.92
Comp
Total (A) | 568.5| 544.2| 544.2| 562.5] 562.5] 545.9] 564.2| 187.3/195.45|195.45/195.45 8637.36
Load B

Hour 0-1 1-2 2-3 3-4 4-3 5-6 6-7 7-8 89 | 9-10110-11}11-1212-13
Red of 0 0 0 0 0 0 0| 32.5/ 32.5| 32.5] 32.5| 32.5| 325
Lght
Total (B) 300 300{ 300 300; 300 300 300 267.5| 767.5| 767.5| 767.5| 767.5| 267.5
Total 495.45|495.45(495.45|495.45(495.45|495.45|495.45|461.25|1333.7|11293.6/1311.9[1350.2{458.01
(A+B)
Hour 13-14 | 14-15 | 15-16 [ 16-17 [ 17-18 | 18-19 1 19-20 1 20-21 | 21-22122-23 | 23-24 Day total
Red of 32.5| 32.5| 32.5| 32.5| 32.5| 32.5| 32.5 32.5| 32.5| 325 0 520
Lght
Total (B) | 767.5| 767.5| 767.5| 767.5| 767.5| 767.5| 767.5| 267.5] 267.5| 267.5 300 12180
Total 1336(1311.7|1311.7| 1330| 1330{1313.4|1331.7| 454.8(462.95(462.95/495.45 20817.36
(A+B)
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(3) Before p f improvement

495.45| 495.45 461.25 1311.9( 1350.2

0.9 0.9 0.9 0.9 0.9 0.9 0.85 0.85 0.85 0.85
550.50] 550.50; 550.50[ 550.50] 550.50] 512.50/1569.08{1521.84| 1543.36{1588.42
801.68

; + [Day toual
13134 5|120817.36
p. f 0.9 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.9 0.9 0.9 0.9
kVA [508.90{ 1571.76| 1543.18]1543.18/1564.71/1564.71|1545.18] 1566.71| 505.33| 514.39| 514.39] 550.50
kvar |221.82| 827.98] 812.92] 812.92] 824.26| 824.26| 813.97] 825.31| 220.27]| 224.22] 224.22} 239.96

(4) After p f improvement by 200 kVA condensor

e Lol b1 | 2.3 ) 3.4 | 48 1 5.6 1 87 L 8.9 & 9.16 L 100411 1112
39.96] 39.96] 39.96] 39.96] 39.96] 39.96] 39.96/ 23.39| 626.57| 601.68| 613.02] 636.75
497.06{ 497.06| 497.06] 497.06] 497.06] 497.06] 497.06] 461.84/1473.56|1426.64(1448.02/1492.78
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
1.81 1.81 1.81 1.81 1.81 1.81 1.81 1.56] 15.92| 14.93] 15.38] 16.34
6.31 6.31 6.31 6.31 6.31 6.31 6.31 6.06] 20.42| 19.43] 19.88[ 20.84
501.76| 501.76{ 501.76| 501.76{ 501.76| 501.76{ 501.76| 467.31/1354.14{1312.99|1331.74(1371.00

¢ |12093 | 1514 | 1415 | 1506 [ 1617 | 17-08 | 16-16 | 1930 | 2031 | 7122 | 2025 | 2324 |Day totdl
21.82] 627.98] 612.92] 612.92] 624.26| 624.26] 613.97| 625.31] 20.27] 24.22] 24.22| 39.96/7253.216
458.53|1476.23/1447.83{1447.83|1469.22|1469.22|1449.82|1471.20] 455.25] 463.58| 463.58] 497.06
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
1.54| 15.98] 15.37 1537 15.83] 15.83] 1541 15.87 1.52 1.58 1.58 1.81
6.04) 20.48[ 19.87| 19.87| 20.33] 20.33] 19.91] 20.37 6.02 6.08 6.08 6.31

464.05[1356.48/1331.57|1331.57{1350.33{1350.33|1333.31|1352.07| 460.82] 469.03| 469.03; 501.76{21119.87

Power factor
=21120/22331
= 0.95

—63 -




12.

Lighting

12.1 Summary

No. | Improvement Before After Effect Investment | Payback
measure improvement | improvement | Energy Cost saved (US$) years
(kWh) (kWh) saved (kWh) | (US$/year)
1 Utility area 288,000 131,000 157,000 | 26,520 49,050 | 1.9
500 1x—3001x ($0.17/kWh) ($0.17/kWh)
(sodium lamp)
Mercury lamp — 12,480 4.0
Sodium lamp ($0.08/kWh) ($0.08/kWh)
(1) Countermeasure

)

3)

1) Reduce illuminance at utility area from 500 1x to 300 Ix.
2) Lamp change form mercury lamp to high pressure sodium lamp.

Necessary numbers of lamps N at utilities area are obtained as follows.
Specification of high pressure sodium lamp: 250 W, 120 ImyW

_ 300 x 20 X 50
T 120 x 250 x 0.69 x 0.8

Ny =18.1 — 19 lamps

Necessary numbers of lamps N at working area are obtained as follows.

500 X 60 x 50
27720 x 250 x 0.69 x 0.8

=90.6 — 91 lamps

Total number of sodium lamps = 19 + 91 = 110 lamps
Total power consumption of sodium lamps = 250 x 110 = 27.5 kW

Power conservation after improvement

Power conservation = 60.0 — 27.5 =32.5 kW

Annual power conservation = 32.5 X 16 hrs x 25 days x 12 months = 156,000 kWh

Annual reduced cost

Annual reduced cost = 156,000 x US$0.17/kWh = US$26,520
= 156,000 x US$0.08/kWh = US$12,480
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(4) Investment

Investment = US$450/lamps x 110 = US$49,500

(5) Payback period

Payback period =%§2% = 1.9 years (US$0.17/kWh)

or

26,520

26,520 — 49,500 x 0.1
log (1 +0.1)

log (

log ( 26:520
_'e(31,570 ) _0.0807 _, .,
=T log (1.1) ~0.0414 " <~ ¥ears

Payback period =% = 4.0 years (US$0.08/kWh)

or

12,480

12,480 — 49,500 x 0.1
log (1 +0.1)

log (

log ( 12:480
_e(530 ) o219 .,
log (I.1)  ~ 0.0414 ~ 72 Years

—65 -



13. Air Conditioning

13.1 Summary

Effect of Improvement Cases

Improvement Before After Effect of improvement | Investment Payback

cases years

Case 1 :

To change 24 26 25.3 7525 0 0

setting °Cl | [°Cl | [MWhy] [$/y] [$] [y]

Case 2 :

To reduce . 30 25 17.3 5175 0 0

outside fresh air (m3Mp] | (m3hp] [MWhy] [$ly ] [$] [y]

Case 3 :

To change 20 154 | 1334132 (*1)| 43590 | 504000 (*2) 11.6

lighting fixtures | [W/m2] | [W/m?] [MWh/y] [ $/y] [$] [y]

Case 4 :

Combination of | Casel+2+3 | °>>3+132 1 55590 1 504000 o1

Case 1, 2, and 3 (MWh/y] [$/y] [$] [y]

*1: Energy saving for lighting is included.

*2: In order to change the conventional fluorescent lamps to Hf lamps, it is necessary to
change the lighting fixtures to those suitable to Hf lamps.

With the existing building, it is usually impossible to change the layout or the number
of lighting fixtures.

In case 3 and 4, it was assumed that the layout or the number of lighting fixtures were
not changed.

13.2 Cooling load calculated on the given conditions (Case 0)

Cooling load of the room R3S (south side room in the 5th floor) calculated on the given
conditions is shown in Table 1 and Fig.1. Peak cooling load is 71.8 [kW] at 12 o’clock.

Cooling load of the room R5N(north side room in the 5th floor) calculated on the given
conditions is shown in Table 2 and Fig.2. Peak cooling load is 61.2 [kW] at 12 o’clock

Peak cooling load of the 5th floor is 133 [kW] at 12 o’clock.

Assuming that cooling load of each floor is the same, cooling load of the whole building
is 1,330 [kW]. Cooling load per unit area of the air-conditioned room is 115.4 [ W/mZ2].
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13.3 Effects of energy conservation techniques

Peak & annual cooling load, energy consumption, initial cost, and saved running cost
were calculated for the following cases.

Case 1: To change temperature settings

* 24 [°C], 50 [%], (9.5 [g/kgDA]) ....cnvvnnennnnn.. 26 [°C], 50 [%], (10.7 [g/kgDA]
3 0o 1] S U 0
Case 2: To reduce outside fresh air intake
¢ 30 [M3/M/P] oo 25 [m3/h/P]
L 0o ] 0

Case 3: To change lighting fixtures to high efficiency type
o 20 [W/M2].iiiiiiiiiiiiiiceie e 15.4 [W/mZ2]

1) Existing lighting fixture (conventional fluorescent lamp)
40 W x 3 lamps/unit (9000 Im/unit)

127.5 W/unit (energy consumption )
1800 units/building

2) High efficiency lighting fixture (Hf fluorescent lamp)
32 W x 2 lamps/unit (9000 Im/unit)

98 W/unit (energy consumption )
1800 units/building

Case 4: Combination of Case 1, 2, and 3
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Table 1

Cooling Load of the Room R5S (South side room in the 5th floor)

COOLING LOAD CALCULATION SHEET

Floor 5
Room Name R58
Room Air Temperature 4 (C]
Room Air Humidity .5 [ g/ km
Time g‘ 9 10] 11 12 13] 14 15] 18 17 la_i
A 80 : Air Temp. Difference deg C ] 5 7 8| g 9| 9| 9| ] 8| [] 7
A Xo : Air Humidity Differsnce ¢/%gDA ] 10 10 10 10 10 0 10] 0 10 10 ol
A 8 e : Equivalent degC] [roof 11 16 21 27 3 14 35| 34/ 32 28 3
Temp. Differance N 8 7 7 )] 4] [}) 11 1 1
E ISI 20| 21 2 1 g{ 4 13| 12 1 0
S 4 § 3 t 13} 5 [ 16 2 1
W | 5 7 9 1 4 18 2 2 5_
Sn - Solar Heat Gain (w/m2] [N 38 43} 43 43 43 43 43 40| 8 T
s s il NEE 7 [T I loal 56 o] o2
Exterior Walls or Roof
Awlm2}! 1K /m2C, Direction
Roof [} 0) roof 0] 0 0 0 0 0| 0 0)
al=1 3 0 N 0| q 0] q q 0] 0 0
all-2 37 1.17] 3 779 952 996| 996 866 779 693 649
al-3 113.92 1.17] s 800 1086| 1333 1733 1999] 2266] 2399) 2399
al-4 37 1.17] w 260) 303 390) 433 476] 563 693 8686
Total I | 1839 2322 2718 3161 3341 3608 3784| 3914]
Interior Walls etc.
Avdm2] IKwiw/m2C[d[ND ]
Cailing 76 1.49) 0 Q)
Floor 576 1.49] 0 0
Wal-1 213.12 0.84] 0.25 492)
Wall-2 0] [ | 0 0]
[Wall-3 0| ﬁo[ 0 ¥
al—4 0 0| 0 0)
Total i L492f
Nindows (heat transmission due to air temp. d/fference)
Agim2] KglW/m2C BLIND A Day Total
Window~1 496 8. OPENED 2184] 2808 3120) 1432 432 432 432 432 3120) 3120) 2808 34318
Window—2 49.6] 495] cLosep 1719) 2210] 2455 701 701 701 701 701 2455) 2455] 22100 27007
Total 3903/ 5018 5575 133 133 133 133 133 5575) 5575 5018f 61325
Windows (Solar heat gain)
Aglm2] [SC{ND BUIND__ [Direction EI Total
Window—1-N 0 Of OPENED N %) 0 0 0 [1] [1] 0 0 0
indow—2-N 0 — 0] cLosep N 0 0) 0 0 3 0 0] g 0!
[Window—1-S 496 0.96] openeD S 8142 8571 7476 5143] 2666] 1714 1428 952 47902
Window—2-S 49.6 0.24 CLOSED S 4495 4732 4127) 2839] 472) 948 789 526 26446
Total 638f___13363j[ 11609 7982) 4139) 2661 2217] 1478 74347
Lighting
Aflm2]  [LIW/m2 T |
576 20) | T nis2of 11520 11520 11520 115200 11520]
Qffice Equipments
Afim2] las, ol (W/m2] I
(sensible heat 576 10 5760) 5760 5760 5760% 5760) [
(latent heat) 0 [+] 0 Q) 0
Total 5760 5760 5760] 576ﬂ| 57so| 5760)
Human Body
Af[m2 2, gl (W/mIP [P/m2} T ]
(sensible heat. 576| 6238 0.1 3617 3617 3617 3617 3617 3617
(latent heat) 576| 558 0.1 3214 3214 3214 3214 3214 3214] 3214 3214)
Total 6831 _ 6831 6831 6831 6831 6831 6831 6831]
Air Infiltration
Vi [m3/h I I n{r 1
(sensible heat, 11.04] 729 938 042 146]
(latent heat} 11.04] 2585 2585 2585 585
Total 3314) 3523 6 27“ 731t
Qutside Fresh Air
Vo [m3/h I
(sensible heat 1728 4052 5210 6368 6aeef  S78of 5789 5210]
Gatent heat 1728 T4360]__14360 -mzf-mm— —+
[Total 18412] _ 19570) i 01, 1’
Room Cooling Load [Day Tota
(sensible heat) 30637]  3s268f  a0361|[  asse7)|  45312)[ a3sy9] aca3d as7ai] 34400 33orof a21ssf 417545
(fatent heat) 5799 5799 5799 5799 5799) 5799 5799 5799) 5799 5799) 5799 63787
TOTAL 36436f 410670 46160 50266] S 1) 49678l 46233k  42520] 40199 39700 37953f 481332
OQutside Fresh Air i Day Total
Cooling Load (sensible heat) 4052 5210 5789) 6368 6368 6368 6368 6368 5789) 5789 5210] 63677
(tatont heat) 14360) 14360(  14360] 14360] 14360] 14380] 14360f 14360 14360f 14360f 1436cf 157956
TOTAL 18412 19570 20148)] 20727) 207270 20727) 20727] 20727] 20148] 20148} 19570] 221633
Total Cooling Load Day Total
(sensible heat) 468 40478][__ 461500 50835][_ 51680) 50247]( 46802 43089l 40189 39699 37364} 481227
(latent heat) 015 20159 20059 20150 20159) 201590 20150 20150 20159 _ 20159 20159 221744
TOTAL 54848)  60636] _ 66309] _ 70993] _ 0405 66961f 83247l 60347 59857 57523 702965
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Table 2 Cooling Load of the Room R5S (North side room in the 5th floor)

COOLING LOAD CALCULATION SHEET

li?loov 5 E
Room Name RSN
Room Air Temperature 24 [C]
Room Air Humidity 95 [ g/kgDA ]
Time [ 9 10 11 12 13 14 15 18] 17 184
A 6o : Air Temp. Difference deg C ] [ 7 8 9 9| 9 9i 9| gl 8 7
A Xo : Air Humidity Differencs ¢/kgDA ] 10 10 10 10 10 )] 10 0 104 0 10
A 6 e : Equivalent degC] |[roof 11 18 21 27 3 4 35 4 32 8 23]
Temp. Differenca N 6/ ﬁ 7 0 )] 0 1 1 11
E 16 20§ 211 z 1 6 4| 3 2 1 10
s 4 gl gl ) 15 § 16 4 3 11
w 4 5 7 1] 4 18! 20 5 25
Sn  : Solar Heat Gain [wm2] |N ) 42 I 43 u_[ 43 40 8 6 99
S 40 77 m 51 | 181 157 108 58 38 30 20|
Exterior Walls or Roof
AwWim2] |Kwiw/m2C Direction
Roof 0| 0 roof
al-1 113.92 1.17 N
ali-2 37 1.7 E
all-3 gl 0 S
al-4 37 1.17 w
Total 1
Interior Walls etc.
Aw{m2] [kwiW/m2Cd[ND] T
Ceiling ] 1.4 [¢]
Floor 6 1.4 4
ali=1 213.12 0.84 0.25
all-2 0 0| 0
Wai-3 o| 0| 0
[Wail-4 0 0 0
Total |
Windows (heat transmission due lo air te
Agm2 KgtW/m2C, BLIND Day Total
Window1 496 §.29] oPENED 432 3432 3432) 432 432] 3120 3120 808) 34318
IWindow—2 49.6 4.95] cLoseo 701 701 701 701 701 2455 2455 2100 27007
Total 133 133 133] 133] 133 5575, 5575 5018} 61325
Windows (Solar heat gain)
Aglm2] [SCIND] [ suno  [Oirection T Day Total
[Window- 1-N 49.6 0.96] oPeneD N 1809) 2000) 2047 2047 2047 2047 2047 1905 1809) 3619) 4714 26094
indow—2-N 49.6 053] ciosep N 999) 1104 1130 1130 1130 1130] 1130) 1052 999) 1998 2603 14406
Window-1-S [)) 0} OPENED S 0 [1] ) 0 0 1) ¢} Q [1) [0} 0 0
Window-2-S 0 0f cLoseo S 0] 0 [y of 0] 0] 0 0 0 0 0] 0
Total 2808 3104] 3178 3178 3178 3i78) 3178 2956 2808 5617 73160 40499
Lighting
Aflm2] _[L[W/m2 | ] 1 | & N
576 20 | {15200 115200 11520 11520]
O0ffice Equipments
Aflm2] qs, ql (W/m2] _1 I —1
(sensible heat| 576 10 5767;1[ 576# 5760 5760 5# 57eoﬁ 5760# 575%| 5760
(atent heat) 0 0 0 0 0] 0] q q [q
Total 5760 5760f 5760 ! 5760H 5160 _s760f 5760 5760f 5760
Human Body
Aflm2 s gl (W/m3P [P/m2] B 1 1 1
(sensible heat 76 628 0.1 3617 3617 3617 3617 3817 3617 3e17)[__ 3617
(tatent heat) 76 558 0.1 3214 3214) 3214 3214 3214 3214 3214 3214
Total 6831 6831 68 1{} 6831 6831] 6831 6831) 6831
Air Infiltration
Vi [m3/h]] | I I [Day Total
(sensible heat 1.04 729 938/ # 77777 ___1146 1146 HIGI 46 042] 042] 938 11462
(latent heat) 1.04 2585 2585 25852585 2585 585]( 585] 585] 585] 2585128432
Total 3314] 3523 I3 3 731 ED 627 627 3523 39894
Qutside Fresh Air
Vo [m3/h I | 1 [ 1
(sensible heat 1728 4052 5210) 5789 6368 §368] 6368 6368 6368 5789]
(latent heat) 1728 14360 14360][ 143600 14360J[ 14360} 14360][ _ 14360] _ 14360][ _ 14360]
Total 18412] 195700 20148 20727 20727 20727 20727 20727 20148
Room Cooling Load I | | Day Total
(sensible heat) so756]  32814] 33725 sascs|| a4esall 34788l asaa  3a7a0][ a4148] 37043  37993) 380098
(latent heat) 5799 5799 5799 5799 5799 5799 5799 5799 5799 5799) 5799) 63787
TOTAL 36555[ 38613l 39523]] 40408l 40453 4oses]l 40630f 40s38fl 39047] az842f 43792 443885
Outside Fresh Air Day Total
Cooling Load (sensible heat) 4052 5210 5789 6368 6368 6368 6368 6368 5789 5789| 5210 63677
(latent heat) 14360  14360] 14360 14360 14360 14360] 14360f 14360 14360 14360f 14360| 157956
TOTAL 19412 19570]  zorasff 20727 20727 20727 20727 20727 20148 20148f 19570] 221633
Total Cooling Load Day Total
(sensible heat) 4808 _3s0za) 39513] _40075) _41022) _41155]__41199) _ 41107]__39937) _4z83z] _43203] 443735
(latent heat) 015 159 20159 20158 2 1595 20159 20159 20159][ 20159 20159] 20159)[ 221744
TOTAL 496 7] 83 59672 61134 s ei3ta[ 613570 61265l 6009S|[ 62990 63361 665519
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COOLING LOAD : R5S : CASE O

16

17

18

TIME [O'CLOCK]

80,000
70,000
60,000 " B WINDOWS-SOLAR
z " B - " @ WINDOWS-TEMP
~ 50000 |M H H - - % OEXTERIOR WALLS
D )
g - B INTERIOR WALLS
S 40,000 WLIGHTING
2 30000 |11 H igigiginigins O OFFICE EQUIPMENTS |
= 1 L iRigigigipini O HUMAN BODY
O 20,000 B AR INFILTRATION
B OUTSIDE FRESH AR’
10,000
0,000
8 9 10 11 12 13 14 15 16 17 18
TIME [0'CLOCK]
Fig. 1 Cooling Load: R5S: Case 0
COOLING LOAD : R5N : CASE O
80,000
70,000
x =W INERERERE 10 M @ WINDOWS-TEMP
50000 1 M & ol bl bl b b O L [J| DEXTERIORWALLS
|
= _@INTERIOR WALLS
;’ 40,000 BLIGHTING
= ] L igigigigigi 0 OFFICE EQUIPMENTS
= 30,000 l I l I I l I
9 [ | l CHUMAN BODY
© 20,000 @ AR INFILTRATION
@ OUTSIDE FRESH AIR
10,000
0,000

Fig. 2 Cooling Load: RSN: Case 0
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Cooling load of the whole building in the summer peak day with the Case 0, 1, 2, 3, and
4 are shown in Fig. 3.

In Table 3, peak and annual cooling load of the building are shown.

Table 3 Peak & Annual Cooling Load of the Building

Peak load ( 12:00) Annual load
Improvement cases [ kW ] [ MWh/y |
South room | North room | Building total | Building total
Case 0 :
Existing building 71.8 61.2 1,330 1,330
Case 1:
To change temperature setting 66.8 56.1 1,229 1,229
Case 2 :
To reduce outside fresh air 68.4 57.7 1,261 1,261
Case 3 :
To change lighting fixtures 69.2 58.5 1,277 1,277
Case 4 :
Combination of Casel, 2, 3 61.2 50.5 1,112 1,112

1500

1000

500

Peak Cooling Load [ k¥ ]

CASE O CASE1 CASE2 CASE 3 CASE 4
Improvement Cases

Fig. 3 Improvement Cases
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14.2 No. 1 boiler
(1) Present condition

50 mm unspecified insulation is used to as the hot insulation material, but considering that
the surface temperature is still high and is 150°C, the hot insulation cannot be said
sufficient.
(Calculation of the quantity of dissipation heat)
If the surface temperature is known, the quantity of dissipation heat per unit area can be
determined by equation 3-9 and -12 (p.26, 27) of Textbook. The quantity of dissipation
heat per unit area, when the ambient air temperature is 33°C, emissivity is 0.85, is
From the vertical wall:

Q =5.68 X 0.85 ((M 4 273 +33 4)

100 ) = (700 )
= 1,122 W/m2

Qc =2.56 (150 — 33) -25 x (150 — 33) = 985 W/m?

Q =0Q +Qc=2104 W/m?

From the cylindrical wall:

273 + 150 .4 273 + 33 4)

Q,=5.68><0.85(( o) - )

=1,122 W/m?
Q. =244 ((150-33)/2.9) 25 x (150 — 33) = 719 W/m?

Q =0Q;+Q=1,841 W/m?
Surface area is

Vertical wall: 292x3.14/4x2=132m?

Cyrindrical wall: 2.9 X 3.14 X 6 = 54.7 m?2
The quantity of dissipation heat is 2,104 X 13.2 + 1,841 X 54.7 = 128,476 W.
As the annual operting hours are 4,200 h/y, the heat loss is

128,476 x 4,200 = 5.40 x 105> kWh/y = 19.44 x 108 Kkl/y.

The thermal conductivity of unspecified insulation is

A -9
Q, = (1L 0)

L 0.05

am= 2104 Xm= 421 W/m-K

A=Q
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(2) Improvement

Applying hot insulation to the surface to reduce the quantity of dissipation heat

(Selection of hot insulation material)

Hot insulation and cold insulation materials stated by JIS are seven types including rock
wool, glass wool, cattle hair felt, calcium silicate, polystyrene foam, water repellent
pearlite and hard urethane foam. Of these, cattle hair felt, polystyrene foam and hard
urethane foam are used mainly for cold insulation, with the maximum temperatures 70°—
100°C, so these materials are not usable. Of the remaining four types, calcium silicate and
water repellent pearlite are high in the maximum working temperature, but the thermal
conductivity is relatively high. Incidentally, ceramic fiber is also available, but it is not
used for this sort of low-temperature heat insulation because of its very high cost. Thus,
either rock wool or glass wool is most suitable for this purpose.

Physical properties of rock wool and glass wool are very similar, but rock wool is higher
in the maximum working temperature and slightly higher in the thermal conductivity.
Besides that, for shape as well, bulk fiber, sheet, felt, tubular, belt and blanket are
prepared for selection according to the place of use. Moreover, these are classified by
density, ones with high density are also high in the maximum working temperature.

As this boiler is 175°C in the maximum working temperature, glass wool is the best suit.
For shape, the hot insulation board No.2, 48K is used.

(Calculation of the quantity of dissipation heat)

Using equations 3-1 thru 3-14 (p.25-28) of Textbook, the surface temperature and the
dissipation heat per unit area are calculated.

The quantity of heat conduction is determined by

0 A A
T |, Qe ®i-0= [2@2-60).

0
0
Glass As shown in the textbook, the thermal conductivity of glass
wool wool 48K is expressed by cubic equation.
50 75 0.0328 + 8.44 x 1050 + 5.84 x 10-7 62 W/k or

0.0282 + 7.2584 x 105 0 + 5.0224 x 107 62 Kcal/m°C

To make the calculation simple, fix the thermal conductivity as 0.052 W/m-K. Thickness

of the hot insulation material is set to be 75 mm, which is the economical hot insulation
thickness as stated in JIS (Table 26). As 61 = 175°C and 0, = 33°C, Q. + Qr is

determined by supposing to. From the relationship of Q; = Q¢ + Qy, t2 and tg are
calculated as
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(3)
1)

2)

8= 6; - (Qc+Qp =L 80 = 02— (Qr + Qo) =2
K] KZ

and the calculation is made repeatedly until the determined value is close to the assumed
value.
The value of Q, when the assumed value is almost reached is the quantity of dissipation
heat.
In this case the quantity of dissipation heat per unit area is
From the vertical wall: 88 W/m?
From the cylindrical wall: 85 W/m?
By multiplying this by area
88 X 14.6 + 85x 589 =6,291 W
Heat loss for one year: 2.64 x 104 kW-h/y = 9.504 x 107 k]/y

The heat loss is reduced to 5% compared with the condition before improvement.

Investment effectiveness
Heat insulation installation cost
Heat insulation installation cost per unit volume, a, can be found using the following
formula, on which the economic heat insulation thickness calculation method specified by
JIS A 9501, as quoted on p. 34 of the textbook, is based:

a= 1.2 (12,000X¢K + 100) x 103 yen/m3,
where  X(: Heat insulation thickness in mm (assumed 75 mm)

K: Coefficient ( = 1.28, as the boiler outside diameter = 2900 mm)

Substituting Xy =75 and K = 1.28 yields:

a=$2,216/m3
Multiplying this by the boiler surface area (14.6 + 58.9 = 73.5 m?) and the heat insulation

thickness (0.075 m) results in:
Heat insulation installation cost = 2,216 X 73.5 X 0.075 = $12,216

Energy saving effect of stepped up heat insulation

As quoted in model factory, energy unit price is specified as follow:
Heat value of fuel: 11,700 W-h/kg = 42,119 klJ/kg
Fuel charge: $0.1/kg (when fuel prices is low) and $0.2/kg (when fuel price is high)
Also, heat dissipation before and after improvement is as follows:
Before: 19.44 x 108 kJ/y p.a.
After: 9.50 x 107 kJ/y p.a.
The energy saving effect then becomes:
(19.44 x 108 —=9.50 x 107)/42,119 x 0.1 = $4,390 p.a. (when fuel price is low)
(19.44 x 108 —9.50 x 107)/42,119 x 0.2 = $8,780 p.a. (when fuel price is high)
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3) Recovery period of improvement cost

Recovery period = heat insulation installation cost/energy saving effect

log ( 4,390 )
_ 4,387 - 12,216 x 0.1 —134 hen fuel orice i
n = Tog (1 + 0.1) = 3.4 years (when fuel price is low)
log ( 8,780
8,774 — 12,216 x 0.1 C
n = Tog (1 + 0.1) = 1.6 years (when fuel price is high)

At 150°C, the external wall of No. 1 Boiler was very hot, with large amounts of heat
dissipation, so that the energy saving effect was significant, resulting in an investment
recovery period of a year.

14.3 No. 2 boiler

(D

(2)

Present condition

50 mm unspecified insulation is used to as the hot insulation material either, the surface
temperature is high and is 150°C, and the quantity of dissipation heat per unit area is
From the vertical wall: Q= Q; + Q. = 2,105 W/m?
From the cylindrical wall: Q = Q; + Q¢ = 1,902 W/m?2
The surface area is
Vertical wall: 2.12x3.14/4x2 = 6.9 m?
Cylindrical wall: 2.1 x3.14x 4.8 =31.7 m2
The quantity of dissipation heat is
2,105 %69+ 1,902 % 31.7=74,818 W,
As the annual opeating hours are 7200 h/y, the heat loss is
74,818 x 7200 = 5.39 x 108 W/y

The thermal conductivity of unspecified insulation is
A =421 WmK

Improvement

Like the case of the No. 1 Boiler, the glass wool hot insulation board No.2, 48K is used,
and the thickness is set as 75 mm.
Likewise, as the quantity of dissipation heat per unit area after hot insulation is
From the vertical wall: Q=Q; + Q. =88 W/m?
From the cylindrical wall: Q = Q; + Q. = 85 W/m?
The surface area is
Vertical wall: 2.252x3.14/4 X2 = 8.0 m?
Cylindrical wall: 2.25 %X 3.14 X 4.95 = 35.0 m?2
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The quantity of dissipation heat is
88 x 8.0 + 85 x35.0=3,679 W.
For one year it is 3,679 x 7,200 = 2.65 x 104 kW-h/y = 9.54 x 107 kl/y.

(3) Investment effectiveness

1) Heat insulation installation cost

Since heat insulation installation cost per unit volume is the same as No. 1 Boiler, total
installation cost can be obtained by multiplying it by the boiler surface area (8 + 35 =
43 m2) and heat insulation thickness (0.075 m) as follows:

Heat insulation installation cost = 2,216x 43 x 0.075 = $7,147

2) Energy saving effect of stepped up heat insulation

Heat dissipation before and after improvement is:
Before: 19.40 x 108 k/y

After:  9.54 x 107 kJly

The energy saving effect then becomes:
(19.40 x 108 —9.54 x 107) /42,119 x 0.1 = $4,377 p.a. (when fuel price is low)
(19.40 x 108 — 9.54 x 107) /42,119 x 0.2 = $8,754 p.a. (when fuel price is high)

3) Recovery period of improvement cost

Recovery period:

log ( 4,377
_ 4,337 -7,147x 0.1 — 19 hen fuel brice |
n= log (I +0.1) = 1.9 years (when fuel price is low)
log ( 8,754
8,754 —7,147x 0.1
n= iog (a +’ 0.1) = 0.89 year (when fuel price is high)

Since No. 2 Boiler has longer operating hours than No. 1 Boiler, the energy saving effect
of stepped up heat insulation is considerable, resulting in an even shorter recovery period.

14.4 Dyeing machine

(1) Present condition
Dyeing machines involve the three processes of dyeing, fixing and softening, and heat
losses must be calculated for each process separately, as the treatment temperature and

duration differ from process to process. Calculations should be conducted based on the
tank surface temperature given for the treatment temperature of each process.
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As the tank is made of stainless steel, it is assumed that € = .35, where € is emissivity.
The tank is almost cylindrical in shape, and separate calculations must be made of the
cylindrical surface wall and the vertical walls, as in the case of a boiler.

Each process has a heating period, and the heat loss during this period should be
calculated assuming that the tank surface temperature is the average of the treatment
temperature and room temperature.

Detailed calculation results for heat loss per operation cycle are shown in the following
table:

Operation Portion Surface Surface | Dissipation | Time/cycle Dissipation
period temp. (°C) | area (m?) | heat (W/m?) (h) heat/cycle
Heat up to Cylindrical wall 61.5 9.33 224 60/60 7,539
dyeing Vertical wall 61.5 2.74 243 60/60 2,399
Total 9,938
Dyeing Cylindrical wall 90 9.33 528 40/60 11,821
Vertical wall 90 2.74 571 40/60 3,753
Total 15,576
Heat up to Cylindrical wall 54 9.33 156 20/60 1,746
fixing Vertical wall 54 2.74 167 20/60 553
Total 2,299
Fixing Cylindrical wall 75 9.33 361 20/60 4,035
Vertical wall 75 2.74 391 20/60 1,285
Total 5,320
Softening | Cylindrical wall 45 9.33 80 20/60 900
Vertical wall 45 2.74 86 20/60 285
Total 1,185
Total per | unit 34,318

Dyeing machines are operated three times a day 300 days a year, and this brings their
annual heat loss per unit to the following:

34,318 x 3 x 300 = 3.089 x 107 kJ p.a.

—-78 -



(2) Improvement

As the dyeing machines are not provided with heat insulation, there is considerable heat
loss associated with them, and therefore a heat insulator should be provided over the tank
surface. Since the tank surface temperature is low, only 90°C maximum, the material of

the insulator can be polyethylene foam, which has a low thermal conductivity.

The thickness of the heat insulator is to be set to 15 mm, as the benefit of a further

increase in thickness in terms of heat loss reduction would be limited.

Assuming that heat stored in the tank shell and heat insulator is negligible, a detailed
calculation was made of heat loss per operation cycle after the provision of heat
insulation, using A = 0.031 + 0.0001860, and € = 0.23, where A and € are thermal

conductivity and emissivity, respectively, and the results are shown in the following

table:

Operation Portion Surface Surface | Dissipation | Time/cycle Dissipation
period temp. (°C) | area (m?) | heat (W/m?2) (h) heat/cycle

Heat up to Cylindrical wall 42 9.33 52 60/60 1,758

dyeing Vertical wall 42 2.74 53 60/60 527

Total 2,286

Dyeing Cylindrical wall 51 9.33 114 40/60 2,553

Vertical wall 50 2.74 120 40/60 787

Total 3,340

Heat up to Cylindrical wall 40 9.33 37 20/60 419

fixing Vertical wall 40 2.74 38 20/60 126

Total 545

Fixing Cylindrical wall 46 9.33 80 20/60 900

Vertical wall 46 2.74 83 20/60 272

Total 1,172

Softening | Cylindrical wall 37 9.33 20 20/60 222

Vertical wall 37 2.74 21 20/60 67

Total 289

Total per | unit 7,632

The annual heat loss per unit is then calculated as follows:

7,632 % 3 x 300 = 6.87 X 10 kJ p.a.
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(3) Investment effectiveness
1) Heat insulation installation cost

As in the case of glass wool, the unit cost is calculated using the formula given in the
textbook. However, the calculation result is halved for polyethylene foam, as the unit cost
of polyethylene foam is about half that of glass wool.
This results in unit cost = 3,561/m3, assuming that insulation thickness = 15 mm and
tank diameter = 1.32 m.
Multiplying this by the tank surface area (9.33 + 2.74 = 12.07 m2) and the heat insulation

thickness (0.015 m) yields:
Heat insulation installation cost = 3,561 x 12.07 x 0.015 = $645

2) Energy saving effect of heat insulator installation

(3.089 x 107 — 6.87 x 100)/42,119 x 0.1 = $57 p.a. (when fuel price is low)
(3.089 x 107 — 6.87x 106)/42,119 x 0.2 = $114 p.a. (when fuel price is high)

3) Recovery period of improvement cost

Recovery period:

57
log ( )
57- 645 x 0.1 _N bl hen fuel price i
n Tog (1 + 0.1) = Not recoverable (when fuel price is low)
log ¢ 114 61412 0.1
- x 0.
n Tog (1 +0.1) = 8.8 years (when fuel price is high)

14.5 Drying machine

(1) Present condition

Drying machines are provided with a 20 mm-thick glass wool heat insulator.

As the drying machines are rectangular in shape, heat dissipation must be calculated for
the top, side walls and base separately.

Assuming that heat stored in the shell and heat insulator is negligible, the heat loss per
unit is calculated in detail using internal temperature = 82°C, A = 0.052 W/m-K and € =
0.23, where A and € are the thermal conductivity of glass wool and emissivity,

respectively, and the results are shown in the following table:
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3)
1)

Portion Surface temp. | Surface area | Dissipation heat | Dissipation heat
O (m?2) (W/m2) W)
Roof 45 102 95 9,723
Vertical wall 47 230 92 21,132
Bottom 50 102 85 8,664
Total per 1 unit 39,519

Since drying machines are operated 13 hours a day 300 days a year, the annual heat loss
per unit comes to the following:

39,519 x 13 x 300 = 1.541 x 105 kWh p.a. = 5.548 x 108 kJ p.a.

Improvement

To strengthen the heat insulation of the drying machines, the thickness of the heat
insulator is to be increased.

Glass wool, the same material as the existing heat insulator, is to be used, with the
thickness set to 50 mm, which, according to Table 25 of the textbook, is the most
economical at an internal temperature of 100°C.

The heat loss per operation cycle after the strengthening of heat insulation was calculated
in detail, assuming that A = 0.052 W/m-K and € = 0.23, where A and ¢ are the thermal

conductivity of glass wool and emissivity, respectively, and the results are shown in the

following table:

Portion Surface temp. | Surface area | Dissipation heat | Dissipation heat
O (m?2) (W/m?2) (W)
Roof 40 102 44 4,508
Vertical wall 41 230 43 9,897
Bottom 42 102 42 4,271
Total per 1 unit 18,676

The annual heat loss per unit comes to the following:

18,676 x 13 x 300 = 7.284 x 104 kWh p.a. = 2.622 x 108 kJ p.a.

Investment effectiveness

Heat insulation installation cost

The unit price of glass wool at an installed thickness of 50 mm is given as $2,704/m3
from the table.
Multiplying this by the surface area of the drying machine (102 + 230 + 102 = 434 m2)
and insulator thickness (0.05 m) yields:

Heat insulation installation cost = 2,704 x 434 x 0.05 = $58,677
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2)

3)

14.6
(1)

Energy saving effect of heat insulator installation

(5.546 x 108 — 2.622x 108) /42,119 x 0.1 = $694 p.a. (when fuel price is low)
(5.546 x 108 — 2.622x 108) /42,119 x 0.2 = $1,388 p.a. (when fuel price is high)

Payback period of improvement costs

According to the following calculation formula, the investment cannot be recovered as the
antilogarithm of the numerator of the right hand side becomes negative, indicating that the
investment is too large compared to the expected energy saving effect.

Recovery period:
694
log ( )
_ 694 — 58,677 x 0.1 =N ble (when fuel orice is
n= Tog (1 +0.1) = Not recoverable (when fuel price is low)
1,388
log ( 1,388 — 58,677 x 0.1
— x .
n= : log (1 +’0'1) = Not recoverable (when fuel price is high )

Apart from the fact that drying machines operate at low internal temperatures, surface
temperatures are also low, because of the 20 mm-thick glass wool heat insulator already
in place, keeping the heat dissipation to very low levels. As a result, the benefit of
strengthened heat insulation via increased heat insulator thickness would not be sufficient
to recoup the investment, when interest payments are taken into account.

Heating furnace

Present condition

Of heat loss of industrial heating furnaces, heat losses related to refractory materials
composing the furnace wall include one that accumulated within the refractory materials,
and one dissipated from the surface of furnace wall through refractory materials.

In the case of a batch furnace (one which is run intermittently) of which the industrial
heating furnace is run by 8h/day, the accumulation heat loss is large and it sometimes
present a ratio higher than that of dissipation heat loss.

Besides that, in the case of a continuous furnace, where accumulation heat loss occurs
only at the starting of the furnace, the ratio is as very low as negligible.

In the case of this furnace, a continuous furnace, the accumulation heat loss is considered
negligible.

.82



(Calculation of the quantity of dissipation heat)
The quantity of dissipation heat is calculated using equations 3-2 thru 3-16 (P.25-28) of
Textbook. As the furnace is tubular in shape, calculation is made separately for thetubular
portion and flat portion.
Physical properties necessary for calculation are quoted from the textbook.

Thermal conductivity of fire clay brick: Fixed as 1.6 W/mAK
Thermal conductivity of insulating brick B6:  Fixed as 0.29 W/mAK
Thermal conductivity of ceramic fiber: Fixed as 0.17 W/mZK

Furnace temperature
(= inner surface temperature of furnace wall): 950°C

Ambient air temperature: 33°C
Emissivity of outer surface: 0.85
Inside diameter of furnace: 1200 mm

The result of calculation is the following:

1) Flat wall portion

B6 SK33

Thermal conductivity
(W/m-K)

SK33 1.6

950°C
0.29
826°C / B6

1,745 W/m?

135°C
115 115

A
3
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2)

3)

(2)

D

Tubular portion

B6 SK33

1,584 W/m? 808°C / 950°C

134°C
115 115 | #1200

A
A
A

21660

Total of heat loss from furnace wall

Tubular wall portion 1,584 x (1.66 x T x 12) = 99,128 W

Flat wall portion 1,745 x (1 2> X7/ 4% 2)= 3947TW
Total 103,075 W
Improvement

To reduce the quantity of dissipation heat from the outer surface of furnace wall, the
use of refractory materials with low thermal conductivity is effective. In the case of this
furnace, of which the furnace temperature is so high as 950°C, the refractory material
used inside the furnace must be one with high heat resistance temperature (950°C and
higher).

Besides that, as this furnace is an atmosphere furnace, the refractory material is in contact
with gas. A refractory material ideal for these conditions is ceramic fiber, and in our
country as well ceramic fiber is widely used for furnaces of this type.

For the configuration of furnaces using ceramic fiber, the following two methods are
typical:

A method which, leaving the existing refractory lining, applies ceramic fiber to the inner
face of the furnace, called the “veneering.”

This method is simple in construction and low cost, but there is a limit in the reduction of
heat loss.
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2) A method which, removing all the existing refractory lining, applies ceramic fiber anew.
Though this method is costly, heat loss can be reduced a lot. Many of newly installed

furnaces apply this furnace wall configuration using ceramic fiber only.

The reduction effects of heat loss by these two methods are calculated as follows.
Here, in the “veneering” of the method (1), 50 mm ceramic fiber for 1260°C is applied to

the inner face of the furnace wall, and in the method (2), 200 mm ceramic fiber fo1
1260°C is used in one layer.

(Calculation of the quantity of dissipation heat)

Case A
1) Flat wall portion

2) Tubular wall portion

1,121 W/m?

Thermal conductivity

(W/m-K)
Ceramic fiber 0.174
SK33 1.63
B6 0.29

106°C

915 W/m?

100°C
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B6 SK33 | C.F
629°C
550°C /
11/5 115 50
B6 SK33 C.F
571°C
489°C /
115 115 50

950°C

950°C

#1100

A

A

A



3) Total

950°C

81260

A

Tubular wall portion 915 x (1.66 xTx 12) = 57,261 W
Flat wall portion LI2Ix(1.I°xm/4x2) = 2321 W
Total 59,582 W
Case B
1) Flat wall portion 2) Tubular wall portion
C.F C.F
950°C 659 W/m2
754 W/m?
86°C 84°C
200 200
Thermal conductivity
(W/m-K)
Ceramic fiber 0.174
3) Total of heat loss from furnace wall
Tubular wall portion 659 x (1.66 X 7 x 12) = 41241 W
Flat wall portion 754 x (1. 26°xm/4x2) = 1,880 W
Total 43,121 W

(3) Summary

The quantity of dissipation heat is reduced to 73% in Case A and to 42% in Case B, the

latter can attained more

However, Case B requires the removal of all the existing refractory material from the
wall, and as lot of relatively expensive ceramic fiber is used, the cost for improvement is

higher.

Whereas, Case A applies ceramic fiber over the existing refractory material of the furnace

energy conservation effect.

wall, so the construction is simple and the cost is less.

Because of this. the latter is often used as a method for the energy conservation of

existing furnaces.
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“4)
1y

2)

Investment effectiveness

Heat insulation installation cost

Case A: Veneering

When the thickness of the heat insulation is 50 mm, installation cost per unit area
becomes $500/m’.

Multiplying this by the interior surface area (45.2 +1.9 = 47.1 m?) yields:

Heat insulation installation cost = 500 x 47.2 = $23,550

Case B: All Ceramic Fiber

When the thickness of the heat insulation is 200mm, installation cost per unit area,
including the removal cost of the existing furnace lining material, becomes $1,500/m?2.
Multiplying this by the interior surface area (62.5 + 2.5 = 65 m?) yields:

Heat insulation installation cost = 1,500 X 65 = $97,500

Energy saving effect of stepped up heat insulation

As it is a continuous fumace, operating hours are assumed to be 24 x 300 = 7,200 p.a.
Heat dissipation before and after improvement, as well as energy saving effect, can then
be calculated as follows:

Case A
Heat dissipation
Before: 99,128 x 7200 = 7.137 x 108 Wh
After: 59,582 x 7200 = 4.290 x 108 Wh
Energy saving effect:
(7.137 x 108 —4.290 x 108) / 11,700 x 0.1 = $2,433 p.a. (when fuel price is low)
(7.137 x 108 — 4.290 x 108) / 11,700 x 0.2 = $4,866 p.a. (when fuel price is high)

Case B
Heat dissipation
Before: 99,128 x 7200 = 7.137 x 108 Wh
After: 43,121 x 7200 = 3.105 x 108 Wh
Energy saving effect:
(7.137 x 108 - 3.105 x 108) / 11,700 x 0.1 = $3,446 p.a. (when fuel price is low)
(7.137 x 108 — 3.105 x 108) / 11,700 x 0.2 = $6,892 p.a. (when fuel price is high)
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3) Recovery period of improvement cost

Case A
Recovery period
log ( 2,693
2,693 - 23,550 x 0.1 o
n= ?gg (1 +0.0) a =22 years (when fuel price is low)
log ( 5,386
,386 — 23,550 x 0.1 S
n= 2 log (1 + 0.1) a = 6.0 years (when fuel price is high)
Case B
log ( 3,694
3,694 - 97,500 x 0.1 o
n= lgg (1+0.1) a = Not recoverable (when fuel price is low)
log ( 7,388
,388 —= 97,500 x 0.1 o
n= L log (I + 0.1) a = Not recoverable (when fuel price is high)
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