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Fig. 1. Crude Import & unit price.
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Table 1. Typical energy price (U.S.A.)

1960 1974 1975 1980

Crude Oil, $/BbL 3.50 10.00 12.00 14.00
Fuel Oil, $/MMBtu 0.70 1.20 2.00 2.80
Light HC Fuel, B | 100 150 250 3.50
Fuel Gas, $/MMBtu 0.20 0.80 1.20 3.00
Steam, $/1000 Ibs
1200-1500 Psig 5. 00
500-750 Psig 0.50 2.00 3.50 4.00
150-200 Psig 0.20 1.50 3.00 3.50
20-50 Psig 0.20 0.50 2.50 3.00
15-20 Psig 2.00
Cooling e 00 Gal | 0-20 0.04 0.05 0.06
BFW $/100 Gal 3.00
Power, $/KWH 0.010 0.015 0.02 0.03
Coal, $/MMBtu 0%, 07 075 1.00

opyl 7} Ay zpH o,

Tigapao] Sk, Steam Balance® EZ#&3]
FEHEstd o RHE BAMLITA, HEHES
BEE BMA 224 BRLE v AR,
#3559 pfS Reboiler} #1fd]Condenserd 38
pneke e, BmBCHRER K3 2] mik
g Ev] AR TR RS AEECT ENER
HYE EELS T BENE REMAR PE
o] ut@A et HuhES Keal® BEEE BFE
e Zebxod, o EEHEE BRI 2
Aok ROk, 7| E kol 4fFHE LBH
8 A s kel 2~3ESohd, #E,
el BB HiMRy, RE  mEelA
8 2epA A ehEel v, 150°C—200°CH
#o EUEE EiET ddRAQdE olAE old &
8k Egcr EEEE = BT S 3

s Eol A ) (LBTH TELAA &
= #e] SEHQ FIRHE, BEle] HED B
g5 anirE s oo ol #i (pay) EA0|
o, pEAE] FRTALE Pz, IELY
R, REE EE Elkel BT —ayel
EE BastaAt e
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Todustries 64.4%
Power Genération 21.2%
Petrochemicals 10.0%
Fertilizer 3.6%
Cement 9.9%
Steel 0.4%
Textiles 3.0%
Paper Mills 0.9%
Glass 1.3%
Chemicals 0.9%
Others 13.4%

64,6 %
INDUSTRIES

14.9 %
UTHERS

20.5 %

TRANSFORTATION

OTHERS 14.9% TRANSPORTATION 20. 5%
Home use 7.0% Railroad 2.5%
Export 7.1% Marine 4.9%
Flshery 0.8% Airways 0.9%

Road 12.2%

Fig. 2 Petroleum consumption structure (Korea).
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WA RAS oA Tl HeiA = 3
gel ks wA 2okt

25EKWEE K BEATY BMAe BRI
o] Fig.3o|ch, &S KWHE 7&9 H#s
0.226kge] = FEBFTEEES ALEL 36.9%2
Vebtth, #dgded s 572 Condenserol]
A kR wAYIbE 4.2%0) . EZEEY
Stack Loss (150°C £E)7F = oh&-9 XEHEXK
o)t} Condenser Lossi= ZhE4 TiERIS] HIfY



Eezt supplied 0,226 Kg/dwh

stack loss & cthers
150% ¢

‘Gondenser
Lossa

Fower Generation

Thermel Effciency 7=" ek GERETaion g5, g5
Total Losses : 63.1%
Boiler Losses 9.9%

Stack Loss 3.8%

Refues 0.1%

Radiation 0.3%

H,O Vap. 5.5%

Others 0.2%

Turbine & Generator Loss 5.99%
Condenser Loss 44.29%

Cycle & Blowdown 3.0%

Fig. 3. Heat balance & heat losses of thermal power plant.
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it 80.2kgo 2 T FrEs|= # &L 43.
5%o0 ]4‘ 743 350°C2] Preheater off gasii- 200°
ol Cooler off gast= FEEAZRE 2] #H35% % 7}
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Fig. 4. Heat balance of cement mill.
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71ES B F1EE HEG FAE HH
TH<E Fil 1Bblg Kmstedl # 0. 1BbLo) iy
B oheted o #9) HARRRKS Fig.53 2o+
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Water
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Fig. 5. Refinery fuel balance.
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Table. 2. Stack and offgas losses in three industries.

"THERMAL POWER PLANT

Total : 3,650, 000KW
Fuel consumption : 0. 226kg/KWH
Stack loss 1 ~9Y

: 535,000 MT/Y

Stack losses in oil

*CEMENT MILL
Total capacity
Fuel consumption

: 15, 000, 000 MT/Y
: 80. 2kg/MT

1 ~34.5%
: 415, 000 MT/Y

Off gas losses
Off gas losses in Oil

REFINERY
Total capacity
Fuel consumption

: 400, 000 BbL/D
: 0.1 BbL/BbL

Stack losses :~229%

Stack losses in Qil : 392, 000 MT/Y
STACK & O4FGAS LOSSES IN THREE INQUST-
RIES :

Quantity

Amount

: 1, 340, 000 MT/Y
: 120, 000, 000 $/Y

22% 2 = ojglth ‘400,000 BbL/De] pREAE Il
Stack Lossgt A Zbal= el = 4R 392, 000#12] 7]
Zoz WAL,

919 374 FETH $elvhel EEHEC]
%3t Stack Loss, Off gas Lossgt A Z8t=2te o
o3} 7o) 4R 134EMTe] v Fiigre 2t iR
% 118 2,000% Eskol =lv Aot (Table?2
BR).
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Bg Hfe] Aud=
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reforming catalystE Si43 B4, EE#MR (Low
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A e 3o w2 FEEe {F, BRS
W Ot S {Ei&'ﬁlfm«] Aoz MY K
Hfro | kg 7ol gka, &K AEH Gas
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gal compressor®] BE-S ARz HKEL
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A KEfk} ¥4 o HEFREEGR BB ¥
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Fig. 6. Heat balance of NH; plant. (Hankook Fertilizer)



Fower |Heat of reaction Fuel & Steam
T T .

1.3 8C.0 140.7
MR

222,0 MM Keml/hr
2100 %

Heat Recycle

A Heat Exchangs
(Steam Generation;

Cooling wate=
9.8 %

iry Ref.
Reaction heat.
25.5 %

Export CO2 + Hao0 4.7 %

stean
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‘Fig. 7. Heat belance of NH; Plant. (General Chemical)
5} Centrifugal Compressors EAZF HH T2
2t &3leh. 3fEILE Energyy Fuel FfEE =
= iEEE e Rl A st kg ohedt 2
o} (Table 3 BIR)

‘Table. 3. Energy and fuel consumption in three chemical

companies.
i .. [Yong General
} Unit Nam Hankook‘ Chenn.
Process Naphtha MT/MT| 0.544] 0.547 0.548
Fnel Naphsha MT/MT| 0.239] 0.188 0.19
Diesel on Bunker c MT/MT| 0. 011 — 0.05
Power KWH/
MT| 680 785 358
Steam MT/MT/0. 44 exp 1.0 exp 0.5 exp
Eoergg Total* ‘MMKeal i
v L Oa‘ 2.69
Energy rate ‘; 1.41 1. 14; 1
¥ Energy total
860
WH= al
1 KW 0,36 =2380Kc
Heating Value of Fuel=10, 000kcal/kg
steam credit MT= 6080" =700kcal/kg

E@EIAE Y MR- steamS RE Hfb T
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$oll Export 317] B3t U power {fifol ¥

o Ea{kEe EBE steamE HEIE R
power ftffo] M% AA @it =Y
Ammonia MT %] Total Energy FiEs K

¢l #F&{t2o] Scale merit= A=, 1:1.14

1.41 2Ee wEkz Ao HFEA RitsI
£2 ¢ 5 itk 3EILE #k8 AFKEY #
B0 $950% o)z, Flue gas Loss7k 95 %
CO; (Vent)oll 43} f8%k0] 2~4 %ZE 92 &
T At

CO, wash T#} ¢ 24 E4 Hot potash lean
solutiong H#EHE CO, BYcEer B Aol
#gleld] o] #S Li-Br-Water System®] WL
REHEEE Energy Est= 24 Hydrogen Bo-
oster Compressor?] BE¢fd] Gas HEEE W&, &R

HHEE 6% @EAthe e FHle IES
BRoSEEA (LBTHY AfES RET

& 2rn AZEe o7 BN (Table
4 B8).

Table4. Case study of energy maragement.

PROCESS ASPECTS :

Heat source for recovery : Lean solution (sensible
heat) of CO; washing at
243°F

Heat recovering : By Li-Br-Water absorption
refrigeration

Usage of refrigeration  : Reducing Interstage gas
temp. of hydrogen booster
compressor, From 100°F
to 60°F

Energy saving : 6% of compressor Hp.

ECONOMIC JUSTIFICATION :

Incremental capital investment

Exchargers $69, 000

Pumps 10, 000

Refrigerations systeam 140, 000

Compressor savings =100, 000

§119, 000

Annual op. cost savings 2.5¢/KWH
Compressor power 82, 500
Additional pumping cost —11, 250
Total 871, 250
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4. Process plante| T#% R U B
=] 4

Process plant®] T#-< Energy optimization®]
BRI A §E g %R ol o
Ax ol ezt A=t XKE HimE
F o WRFEHLIK, Energy #ifel BB 2
B3 #EE sl=22M 7.8%9 Energy Conser-
vationg o] Fgotst=dl o FHES FHEHE
il ot Zeh(Table 5 BIR)

Table 5. Energy conservation of U.S. refineries.

Energy Conservation: 7.8%
Conservation According to Type:

Heat Transfer Equipm’t: 4%
Increased heat exch. 28 %
(Furnace & Exchanger)

Combustion Equipm’t 8%
Combustion Auditing 109%

Optimization of Process. OP. 20%

Plant Revision 14%

Insulation, Leakage Improve 229%

LB TH 722 Process plant®] Energy con-

servationg £3le] Bl sl ok —giyel Check

pointE 32 Wttt (Table6 D Table 7 221R).

Table 6. Energy saving by better Plant design.

PROCESS IMPROVEMENTS
skImproved heat conservation of hot and cold streams
entering and leaving the plant
skImproved pressure energy recovery methods
skImproved integration of streams within the plant
skImproved catalysts
skimproved solvents and absorbents
skImprovement of cyclic operations
skUse of intermediate reboilers or condensers

FURNACES IMPROVEMENTS
skzConvection bank of tubes
sk Combustion air preheating
*kControl of combustion
*Reduction of fouling
skImproved burners & insulations

213038 A4 AN6E 1976\ 128

PUMPS COMPRESSORS & PRESSURE ENERGY
PECOVERY
>k Pressure drops
*kProper pump sizing
*KRecovery of pressure energy (hydraulic or gas.
turbines)

FRACTIONATION
*kReboiling
skReflux
*kReflux vs, trays
S Instrumentation

WASTE HEAT RECOVERY

Table 7. Problems in waste heat recovery.

ASPECTS TO BE EXAMINED:

- What is the weight of gases discharged?

- What is their temperature?

> Any chemically active substances (eg. sulfur)?
In what quantity?

- Any physically active substances(eg. abrasive dust)?”
In what quantity?

- Heat & energy demand within economic distance?”

- Relative times of heat recovery and demand?

- Any justification for supplementary firing:

PROBLEMS IN WASTE HEAT RECOVERY:

- Control Source vs, demand

» Fouling Dust, alkali metal, deposit
- Corrosicn SO, CL

+ Erosion

BINEZE O] (k3 Heat recovery] By
B EUEES Bl za s B mESA
AEe] REES HHT 5 A
Heat recovered kcal/hr
Op. hours per year Hrs.

Value of heat recovered Won/10, 000keal
: Investment for heat recovery Won

Lo EEo

Depreciation for Investment
¢ : Interest rate for Investment.

Co: Operating cost won/year.

R BERBEE o)

3, olo FEHE FEHBEEE-S C(d+i) +Co

Z 7]
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Water®t+ LiBr-water%9 BURAHET 2
o2 JE# Energy: Cdd energyZ EUKER
ke Aol

5-1. Freon Turbined|| {k31gE#el [k

Freond 7r-& [E¥EHHEZA Boiler-Turbine:
sE %] FAY gEest KB SERE
BZTENE, EMEIEERNE, EaE, KREERM B
Savg g frEo] @S ook I

ol gt #E S HM3td AT o 3l Freon
11, Freon 12, Propane, Ammonia%el] B3}
o BykEtES Table8 ol EFIA T

2 ElEARE Hgelx:, o 3w NHs- olz| & 1ees (FMAT Boiler-Turbine 2|
Table 8. Working media of turbine.
THERMODYNAMIC PROPERTIES R-12 R-12 } Propane | Ammonia
Gas generating temp. °C 801 120 80 106 80“} 100 80 100~
Req. min. superheating, °C 0. 0 5 9 3l 5 55 75-
Gas generation press kg/cm?a 5. 341 12. 691 23.5 37.9 31. 6{ 41. 0 35.2 77.5-
Condensing press*, kg/cm? ] 1.52 ! 8.64 14.0 14.0
Adiabatic 4i, kcal/kg i 5. 26‘ 9.41 4.13 6.0 6. 11 11.1 36.6 59.9°
Req. heat Input 4H, kcal/kg \ 47. 4 51.1 35.5 37.0 56. 7| 60.4) 298.5 318.0
Rankine cycle eff. 7 Ran 0.111] 0.184/ 0.116 0.1621 0.108 0.187 0.123] 0.189
- kg/h | 3
Flow rate per 4H, T*keal/h | 212 196, 281 270 1761:‘ 166 33.5 31.4
Adiabatic out put perunit 4H, KW ‘ 1.29 2.14 1.35 1.88 1. 25t 2.18 1. 42 2.19:
! |

10%keal/bh | 77

“*Cendensing temp=235°C

Heat transfer properties

Forced convection at 80°C 1.0 0.94 3.21 7.27
Boiling at 80°C 1.0 21.7 42.0
Condensing at 38°C 1.0 0.87 1.12 4.16
Flow diagram} Cycle diagram® Fig. 8o B s} 7o) WHEsERE)MC] BT (T'able 9 B21R) ..
) o 2 = Ro
et —HMHLE od mediad st ] Table 9. Commercidlized freon turbines.
Fosrede B¢ 4 9x el we EiRs A - . )
ojok & Aol FHEAME o Turbine capacity Application 200 2,000RT 800RT  490kW
. ] Refrigera- Refrigera- Refrigera- Power
of whel £3] ST EE L Fig. 9ol vhebt ting m/c ting ting generation
o1 t}. Completed 1966 1968 1969 1974
Freon Turbineo] #a&lAE o 2] Lkl A BAE Heat source gﬁtg‘tm Pr%c:;zrgas 1.58tir}1t.m. 3Astt12;;m
ByEE (et e st BAS IHI Ushik-  preon Working R-11  R-11  R-11 R-1l
awasimaharima Co.)”} BAERAMLE fis k& Output, kW 190 3, 800 475 520
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Freon Turbine

Heat

source Freon Boiler

Freon Pump

Preheat Evaporations

Rankine Cycle

Pumping Expansion in turbine

/

Condensation
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Fig. 8. Freon tusbine, generals.

Condenser

CyMio

100

Evaporating temp, (°C)

80

40 60 100 200 400 600 1002
Turbine capacity (Kw)

Fig. 9. Output covered by turbines of same size with

varions working media.
5-2. WA HEMO &S BEBHEC| Bk
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¢] Schematic Diagram (Fig. 102:/) NH;-Water

_ Replaces compressor
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NH3 ]
/
S B
I‘ |
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| : {Strong solution
Generator | ”m
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| R S

Weak t ) </
solut iﬁ. Absorber
l
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15 @
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l {

Expansion valve I

{
o
SR

-

Fig. 10. Schematic of absorption refrigeration system.
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KH3 VAPOR NH3 VAPOK
FLUID
TO BE
-— CHILLED
- = CONDENSERY COOLING
L] WATER o
L o NH3 LIQUID AQUA FILM C'U‘ul.,{.n‘u
AQUA NHy | & | ABSORBER WATER
y L5 A STRONG
L& NH3 VAPOR AQUA
| & ] AVNMONTA
m\sm:ﬂ_/— RECEIVER !
HEAT GENERATUA) T e STRONG AQUA TANK ’
I NH3L1QUID
REFLUX PUMP :
(1F REQ'D)
|_BorToMs
WEAK AQUA
STRONG AQUA ;%; STRONG AQUA

({/ WEAK AQUA AQUA PUNP .

Fig. 11. Absorption cycle (NHz-Water system).

/////~—\\ Cooling water out

C - |
Condenser —Ll /;H

Three-way}’
valve £\
Chilled water
-_-s— . - .
Heat | __4*__.__{(:>
exchanger
—
QL ¢
: Load
~ L]
Y Cooling
water in

Pump 1 Pump 2

Fig. 12. Schematic of a practical lithium bromide-Water absorption refrigeration system.
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Fig. 13. Heat flow for NH:-Water system.
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Fig. 14. Heat flow for LiBr—Water system.
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System?] Flow Diagram (Fig.11 #f&) LiBr-
Water system® Flow Diagram (Fig.12 %R8)
< Ered .

NH;-Water system-- Efzho] #hiFo] k] A
KIEH+HS] NH; ZEE R BEst o] %Ki
NH;7} Evaporatoroll A 738 9] Latent heat
£ FIFste 4ok Colde: @+ REEe|™ LiBr-
Water system-& LiBr #Ei&EEo] B{EHS FIET
#%0R Cycleol ot FEfHSE AAT LB/ R
£+ HMBEEE 9| F 3 o] F System?| Heat
Balanes % Fig. 139} Fig. 14| @Emrsled 2%
of #kstzat gheh. EEfrE 55% LIkl Cold
& devhe AR Awmsl mahdk Lol

6. % B

mESEer WS S£EITHS BUEFRE
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