(Quantity of energy)

energy)

(Exergy)

3.1 1 (4)

Lothar Riekert

il

[
(Enthalpy)
(Quality of
2
(Temperature)

2
(Ammonia  from

natural gas) ( 3.1)



| Stort: Noturol gos

-ﬁ_@_m{g,%
-@‘:" II Primary reformer I

' 77 <)
4 7

+ ’ =
é ! [Ezcondo'y reformer ]
IR 77
oz CEEL
] IO Shift conversion
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| %9%,

IZ CO,-removol

: g - ./-
. %297
y ¥ Methcnation
e 7oy
2, / 7 Z

§ [Eommession.symhcsisi
7,

YOO, (22 INFB (ac]

[/

3.1 Flow sheet

2 (Nitric acid from
ammonia) 3.2)

L/, /
o 7
Ol 77 /4

I Ammonio -

: combustion (! buv)..

1 compression H-
&
3 i
A 3
©—y W |
o
A U 1
II Absorption
(5bar)
)
4% |
Products : HNO, (65wt %), steom’

3.2 Flow sheet
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3.2

2 (15)

. Townsend Linnhoff (14)

1 (Process Design)

3.3

. Steam-
raising ?_‘
Feed :

Catalyst

Sotvent ] [0 miy/ EE=p Redtyign | e Separation [
. Spent
otf Ysolvent
995 ' Compression AN
and power vent
recovery - separation
Solvent T
R dehydretion Purification
Waste
wdter Product

3.3 Process Block Diagram

3.3
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3.3 Exergy Losses by PIBnt Areas

PIBnt Area

Feed Preparation
Reactor Systems
Reactors Air System
Product Separation
Solvent Dehydration
Product Purification

Ex (lrrev) (M)

0.04
57.64

5.24

1.76
13.05
2.89

(Reactor system)

Steam
BFW Stecm drum
ort gas
Reactor
condenser | CW
f———3 Reactor vent
condenser
T3
Oxidcrion
reactor
Liquid o Crude
teed T bl % product
e o
* o
. -
e e
. L]
o
N
All

3.4 Process Reactor System! Flow Diagram



3.4 3.5

3.4 Reactor System Exergy Losses

Source of Loss Ex (Irrev) (MW
Reactors steam Drum 0.08
Reactor Condensers 3.95
Reactor Vent Condensers 4.95
Oxidation Reactors 48.66
Total 57.64

3.5 Reactor System Exergy Losses with

Reactor Loss Discounted

Source of Loss Ex (Irrev) (M)
Reactors steam Drum 0.08
Reactor condensers 3.95
Reactor Vent Condensers 4.95
Oxidation Reactors 9.12

Total 18.10

Inevitable



b2 (Process
Investigation Bnd Development)

(Refrigeration system) 3.5

" {Not loaded)

cel c78

%

cs3

;i

cs1

|

cer

3

Cc32

P

(No ttash) |

Compressor

O Process duty exchanger

@ Refrigeration recovery exchanger

3.5 Refrigeration System

3.6
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3.6 Refrigeration System Exchangers—Loads and
Second Law Efficiencies

Exchanger ~ Load (M)  Efficiency (%) Ex (Irrev) (MA)

C8l 0.6 1 0.04
C53 0.2 51 0.03
Ch1 0.3 13 0.02
Col 20.1 84 0.85
C32 4.8 59 0.53
C80 9.3 73 0.46
C30 0.6 42 0.06
C46 4.7 13 0.24
C79 0.9 46 0.03
C29 3.3 56 0.10
C23 0.4 0 0.03
C78 0.0 - -
C22 7.6 Negative 0.56
C62 12.6 61 0.54
C44 1.0 0 0.33
C75 2.8 12 0.08
Cr4 0.4

CT6 1.4 4 0.25

(Heat exchanger network) B. Linnhoff

(16, 17)



3.3 3 (14)

B. Linnhoff K. . Carpenter

3.8
3.7
&_ 60 (Avoidah Le
l0ss) (best practical)
6 1 (entropy)
To J |
3.1 Convertor
3.6 3.7
Reactants at 94°¢c Reaction Products at 854°¢
_ AEXrf4043MJ :
Potential; 36 MJ or Potential 2192 MJ

L Atmospheric Pressure
Ammonia Converter

LOSS -4043 - (2192-36) « 1887 M

3.6 Atmospheric Pressure Ammonia Converter
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Reactants at 145°c¢  Reaction  products at 900°C -
AEX*«t043M]

Potential 94 M or Potential: 2363 M

Best Practical Reactor

LOSS = 4043 - (2363-94) = 1774 MJ

3.7 Best Practical Ammonia Converter
Linnhoff (Best Practical)
1,774 M 1887 M
1887 - 1774 = 113 M

Exothermic t



3.7 Exergy Losses (M)

UNIT

Converter feed mixing
Converter

Superheater
Waste heat boiler
Air Preheater
Cascade cooler

Secondary air & NOX mixing

Compressor
Secondary oxidation

Demin water heater
p.ecovery heat exchanger
Absorhing tower

Recovery turbine
Recovery turbine bypass
Tail Gas Outlet
Dearator

Steam Drum

Condensing turbine
Reducing valve

Ammonia flash drum

TOTAL

CONVENTIONAL
ANALYSIS

4.4
2099.0

109.5
629.3
107.5
526.0

0.5
189.4
39.3

112.4
9.3
1142.0

114.0
69.9
141
214

6.1

388.6

12.9
8.5

5674.1

I+3

PRACTICAL
ANALYSIS

4.4
113.0
(AVOIDABLE)
109.5
629.3
1075
188.2
(AVOIDABLE)

0.5
189.4
96.1
(AVOIDABLE)
1124
79.3
24.9
(AVOIDABLE)
114.0
69.9
14.1
20.6
6.1
388.6
129
8.5

2289.3



3.8 Simplified Nitric Acid Process



3.4 4 (12)

Vi
40 /
(block diagram) 3.9

‘ Rew meterials

Pulp meking (Ne_SO_ + NaOH) &
Process Cocking Liguor Pulp cooking steem
o o
weter (Digest ) 165 C - 175 C
ig ers
3 steam 3 kg/cm2
Washing and screening (Hot Weter)
chlorine i steam 3 kg/cm2
Ll
—}— caustic soda Bleaching e
—>
calcium (Hot Weter)
-
Hypochlorite ¢
i Import pulp
l—————
Ingredients Stock Preparation Broke paper
e —
Peper meking Fourdrinier wire sect.
Process
\
Press secticn
steam 3 kg/cm2
<
dryer section 170°Cc - 185°C
v
Winder Finished
Y. Paper

3.9 Simplified Bang Pa-In Paper production process flow chart
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3.8 Energy Consumption of the factory in 1983(Plant Bccount)

Typical energy Amount Energy Cost  XEnergy %Cost
(M) (MB.) Share Share

Fuel oil 7909821 it 3.278x10s 34336 794 50.3
Electricity 19329420 Kw,hr 6.958x107  32.097 168 47.0
Automobi le fuel 400000 lit  1.568xI107  1.810 3.8 2.7

Total for produt tion 4.131x10a  68.243 100%  100%
L

Fuel oil Fi'Jci 0il
3.278x10%y, - 34,336 w,
(79.4 %) )

Electricity . " Electricity Automobile

7 :
6.958x10 'MJ. 32.097MF, fuel
(16.8 %) (47.0 %) 1.81 M.
(2.7 %)
— Automobile fuel 1.558;107141.

() (3.8%) (b)

3.10 Break-down of Bang Pa-In Paper Mill Factory's Demand,
1983 (a) By Energy Type
(b) By Energy Cost
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3.10 .. 2526
3.11 .. 2520 .. 2526 3.12
L 3 oo 2925
2526 3.8 . 2526
3.13 |
Thermo! energy use K»l0

g’g ‘é :, ,';'; 0 0

?

.;- -.‘:;,;

T
1982

Totol thermol energy use (yeorly)

5
o
<

- Q)
[+
F
- &
o
-5
<
~
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o @
by

ag

g|&

-ES

B e—— N —— v G

S = ~ O
2= m B B s & o o
- o © o © O a 9

e 1300
—
o]
10000

3.11 Historical yearly energy consumption



per month

3.12 Monthly energy consumption

1903

192
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3.13
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(12)

9.6

14%

1) (excess air)
02 02
1.7 / 02
200,000 (pay-back period)
2
2) (digestor)
4 2,940 MJ/digestor
1.527
470,000 | 4
3) curing’
cooking 30,800
4) (condensate)
125,000
5) (steam trap)
804,700 !
145,000 2.2
6) (cogeneration)
2.6 ( 411 |
18% )



3.5 5 (13)
Salih Dincer
throttling (mixing)
combustion process
, (heat
exchanger), (seperator), heat engine, (furnece),
(turbine), (compressor), heat  pump

(refigeretor)

3.5.1 ?
1| |
' (dead state) (To=Z ¢, Po =1 atm)
1 2
AEXs2 = H- "T0(2 ) 0.2)
" A Ex = AH-To AS (3.3)
1) throttling

2000 kPa, 35 C

throttling 500 kPa
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(3.1)
A Ex = 1864 kilkg
fl 2000 kPa, 35% c, Ex = 1068.3 kilkg
0] - 186.4 x 100 =174 %
1068.3
2) (mixing)
2.1
AEX RTo x1lInr x1 (3.4)
X1 = i
f1 = activity coefficient
i
M=l
AEX R To X1 In (3.5)
2.2
Ex = Cpmm L (Tr T0) To s wore  In (T/TO)
(3.6)
3.5.2 7 f ? ?

AEX = AG° - Z , A (3.7)
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J = J
AG® = standard Gibb's free energy’
f = (formation)
Ext = Ex*+ AEy. 1 (3.8)
3.5.3 1]

AEXHOL Btrearri
3.2 (Seperator)
---------- AEX nonaource and nonpu.rse streama (310)

Zi Ex

U tility Bupplisd

™ Il =0h-(V T3-Q “-<VT)]
(3.11)
th =
(reboiler)3
Tc =
ZEX (condenser)3
Courre and nonpurse «Lleam BX, 1 usacie outled
Ex...H+ AEX,,
(3.12)



36 6 (11)

®
, S
> = ¢ o= 1%
2 hel L =8
V.= 32 % L - 2w
= = b
=30%, £ =111%
214,665
oj 190,424 . 53,987
157,860
1) (condensate)
2)
3)
, = 26 0/0 £ =3 O/O
61,926 45,887
ly 4,180 55,758

3.14
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HOT OIL

. |cHAMBER  —1§ EOVEN g%_

>

PUMP REGIEVER

3.14  Closed loop for improving

Vi =% £=2X
4,038,332 IR
2,734,441 , 344,450

2,827,925

(load)
466,680
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. } 13X £=6 X
352,400

306,145 , 147,508
185,683

1)

2)

3)

7,446,642
) 1,733,336
4737916
) 448 971 6 %
3.7 7 (10)
1984 1.64 million M 584
" 604 X 39.6 X
! 1 81.0 X 190 X

3.15 3.18 !



Electricity Conaumptlon (IcTh)
(Thousanda) ’

Electricity Connuinptlon fvwh)

Jan Fcb Max Apr May Jun Jul Aug Scp Oct Nov Dece

3.15 Electricity Consumption of BH, 1983-Apr. 1935

700

a 4
% —~— & —t— . 2 —dr T T

00:00 04:00 08:00 12-00 18:00 20-00 24-00

Tiooc

o Wecladmy ~ Weclaend

3.16 Electricity Demand Two Hour Periods Characteristics,



KifteclInjQccnM

Cnticn) Emergency Syertem (3®S)
' R - 5 B
Mcchanical ﬁ\:ildix)g
(3.5%)

—

Safcty Emcrgency Syotem
(10.7x)

) ) Air Canditdorxirxg sh-at-erxx
Electxical Equipment
(2.2x)

Lighting and Pover S_ywtr_rn
| : | (21.a)

3.17 Electricity Consumption of Major Users

X Cost Effcectivencaa (Baht/Bed) .

kiTh/Be d,B/B cd

580 VIS S S —
Jan.83 Apr Jud Oct Jan.84 . Apr Jud Oct Jan .85 Apr

o ’ Moxnth :
a ooy Usagc Cowt Effcctivencm=

3.13  Energy Usage Index and Cost Effectiveness, 1983-1985



3.9 Summary of Chillers Performances

Chi 1ler No.1
Performance

Full  Part

Load  Load
Compression efficiency 0.920  0.819
Condenser effectiveness 0.146  0.107
Evaporator effectiveness 0.425  0.426
oopP 3.73 3.59
Second law efficiency 0.300 0.288

3.10

59

(Chiller)

Chiller No.2
Full Part
Load  Load
0.860  0.828
0.170  0.111
0.420  0.400
3.73 3.49
0.300  0.280
1
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3.10 Comparison of steam Generation Performances

Generator Generator

No. 1 No.2
Excess air, % 71.3 31.8
First law efficiency, W/ 78.7 84.8
Second law efficiency, O / 23.8 25.4
Availability loss with flue gas, 0 4.5 2.8
Irreversibilities, % 71.1 715
Availability loss due to heat transfer,% 0.6 0.3
3.10 " ' 1
2 | 1
2 (Irreversibility)
)
2) 2
84.8% 1
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3+8

tM1am

D. Erkan

S.Dinceruat

3.19

Flow-sheet oflthe considered refinery

3.19
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(3,13)
AEXIOSB» - Z E)g’ni .1.4 - LK »*fui  OVAL-TOU, (3113)
' 3.11

3,11 Losses of Availefale Power in the Refinery2

Loss of OKOtotal

Unit aveileble  evaileble
power energy 1oss
(kdh"1)x10 E

5C-2 48.00 1.79
5C-3 7.200 0.27
5C-4 1.050 0.04
5C-6 1.012 0.04
5C-101 123.0 4,59
5F-1 785.2 29.3
BF-3 485.6 18.1
5F-103 369.9 13,8
Heat exchangers before de-salters 157.0 5.86
Heat exchangers after de-salters 90.68 3.39
Air coolers 296.4 11.1
Water coolers 206.8 1.72
PUmps 24.54 0.92
Other losses 81.62 3.05

Totat loss 2678 100
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(furnaces)
5F-1 29.3 X
5F-3 18.1 %
BF-103 13.8 %
(de-salter) = 5.86 %
(de-salter) = 3.39
(Air coolers) = 111 %X
(Water coolers) = 1.72
)
(flue gas)
2)

(heat
integration)
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5C-1, -1A
5C-2

5C-3

5C-4, -5
5C-5
5C-101
5E-number
5F-number

9 (18)

6if

(Flow sheet) '

1

Deselters

Atmospheric distillation colLlm
Stripper

Drums

De-butani zer

Vacumn-diStillation column

Heat exchangers» air or water coolers
Furnaces

# »
6.13x10s  kcall
4.15x10s  kcel/

6.62x10s  kcall
1.05x10s  kcall

20 t/h 50 t/h
2,500 W 5,000 Kw
5.87x10s  kcall
6.35x10s  keel/

422x10e  kcall
7.90x10e  kcall
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