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ABSTRACT:

This report presents an estimate of the steam condenser needs for sixty-
four less developed countries. It is assumed all the new power is gener-
ated by ste: w plants and the condenser market is entirely due to growth
in the clectric power supply, Since the electrical energy consumption
of a country increases with an increase in its GNP and population, the market
has been calculated by considering the GNP growth rate and population growth
rate.

The total LDC power condenser market is estimated to be $13.000.000/
year. Virtually all of this is now imported. It is estimated that if
local labor and concrete were used to make the shells for the condensers,
and the local labor used to install the tubes, 60% of this foreign exchange

cost could be saved.
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INTRODUCTION:

One of the ways in which foreign exchange can be saved and local
labor utilized is to substitute local products for imported products.
In this report we looked at the size of the savings which are possible if
concrete shell heat exchangers are substituted for imported steel or cast
iron heat exchangers. In particular, we are focusing on the power steam
condenser market, because it appears to be a particularly attractive one.
Vacuum operation gives rise to compressive stress in the shell and low
temperatures reduce the problem of differential thermal expansion. Further-
more, this is the largest single market. The total heat energy for power
production is about equal to that for industrial case. All steam power sys-
tems use condensers while many industrial systems do not, as the steam

:

is used for procass heating or the heat is not converted to steam at all.

In the first part of this report the method of calculating the market
for steam condensers will be described. Then an example problem will be

worked on. A tabulation will give the results for all LDC's. Detailed

calculations for most of these countries will appear in appendicies.



THE CALCULATION OF EXPENDITURES FOR STEAM CONDENSERS IN LDC'S,

A diagram of the power system which we are considering is shown on

Figure 1.
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Msfeam )h;n
—~— COOLANT WATER IN
{ CONDENSER)
_/ WARTER PUMP
hout
C},- FEED WRTER PUMP
—
Figure (1) T0 BO/LER

REJECTED HEAT IN CONDENSER;

= - - °
Q Msteam(hin hout) Btu/hr » v « ¢« « + « o o« o« o« < 1
(*)

where M = mA
steam

Since we know the installed eclectrical capacity (EE) of a country, we can
define the total energy consumption in a condenser as Q. And we
let [n] = Thermal efficiency of a power plant.

Rejected heat in condenser becomes

Q= Eg kwh/year A

On the other hand, we have

Eé =P x E kwh/year 3°

The difference between EE and Eé comes from the load factor of the power

*"n'" has been tabulated for different type of power plants on table -1-



plant in one year periodic working hours. Hence, we define the load f:ctor

as,
lov — hr/ :
(*) - - hr/year - _E °
F(load factor) (kv capacity)hr/year EE e« « o 4
Substitution of 4°, 3° into 2° gives us the heat loss as
_ 1l -~ n E - P °
Q - n F kWh/year . . . . . . L . . LI 5

If we assume 1 working year = 8760 working hours and lkwh = 3412 Btu.

{-n ,Ex?P
n: F

Q=2038" Btu/hr . . . . . 6°

Combination of eq. 6° and eq. 1° gives the need of the condenser area.

1-n,EP 1 2 .
n F mAl’[(ft) . . . . [ . 7

A =0.38

Since cost of condenser is a linear function of its area. For this, the

formula that has been shown in The U.S. Energy Problem Vol. II (Reférence 1)

$ = 240000 -+ 2,8A(ft2) . . . . . . . . 8°
Formula 8° gives the total cost of the condenser.
INVESTMENT PER YEAR -
Basically, electrical energy consumption of a country will be increased
from one year to the next by an increase of its GNP/capita and population.
This fact causes an increase in its condenser area. If we assume that the

replacement capacity is negligible, the investment per year will be

A$ = (240000 + 2,8A2) - (240000 + 2,8Al)
AS = 2.8 (A2 - Al) or
A$ = 2.8AA o . . . (] ] . . L] . . 9°

where [AA] = ftzlyear

Since A = A(EE) ( from eq. 7°)
We may find the increase in area by considering the electrical energy increase

¥ an average load factor has been calculated by using load duration graph
of a power plant in appendices.




of a country.

E o

EE $GNP(GNP)P L] L] L] L] L] L] . . L] 10

dEE=dGNP’E)P+GNP~d—(——~E Ve + one (£ £ 11°
dt  dt ‘GNP dt ‘GNP oNp/ oat -7
vhere, g_( E ) __d (E ) dGNP _ (dE/CGNP) x GNP - E  dGNP
dt \GNP/  dGNP \ GNP/  dt oNp2 dt

Eq. 10° becomes

dE_ . 1 g_c.@)_ ap dGNP(dE E) o
E EXP(GNP' at /" Eget Tac \dewp " owp/ 12

t
Statistical results show that electrical energy per capita (E) vs. GNP per
capita is approximately a straight line passing through zero. 5o,

_dE _ E v
dGNP GNP

The result is the following:

dE
“E g 1 gg&z) (1 : 512) o
P ExP [(GNP el Y 1« ¢ . e e 13
However,

dORP _ ovp R pp

dt i dt

If we substitute into eq. 13°

dEE
= E* P(e +0) kwh/year . . . 14°
From Equation 7°
A=C"- EE
i&:c-{E—E‘i
dt dt
ox QA G xRxP(EHT) « o o e e e s 15°
dt -
A \uc [-]
C= substition into Eq. 15° yields to



N T T T 16°

dt
As a result, the investment per year may be expressed as

AS = 2.8A(e + T) . . . . . . . . 17°

ASSUMPTIONS THAT HAVE BEEN DONE IN THE CALCULATIONS

Before beginning the calculations it is worthwhile to mentionsome

assumptions.

1. Although the load factor changes from country to country, it has been
assumed to be the same value for every country (F = 0,48).

2. Power plants' thermal efficiencies are between 35% and 45%. This valu
varies depending on the capacity of the power plant, reheat - regenera
tive cycles which arc used on the system and so forth. However, in
the calculations an average value has been used (n = 0.40)

3. As we can sce from table 1 "m" 1b/hr fﬁz condensation rate of each
type plant slightly differs from each other. This result causes same
order of difference in condensers' cost. Therefore, the calculations
have been done for one type of power plant i.e. the Bull Run plant.

4., Steam plants have been assumed to provide the total electrical power

needs.

EXAMPLE
SPAIN has been taken as an example.

GNP/capita = $730
(From chart I)

E = 1408 kwh/year

32,621 106

ks

6 8

(from Eq. 3°) Eé = 32,621 10~ 1408 = 460 10 kwh/year



460 10°

Installed c:pacity EE=F m = 11000 MW
Condenser capacity Q = l;:agzi + 11000 = 16500 MW or
3 3 9

Q = 16500 10~ 3,412 10~ = 56,5 10~ Btu/hrx
m = 5.9 1lb/hr ft2
(From table I)

Ah = 940 Btu/lb

9
A= 56,510

mAh 5,9 940

A2
= 10,20 10 ft

"Cost of condenser
$ = 240000 + 2,8 10,20 10° = (0,24 + 28,2) 10°
$ = 28,44 106 dollars

Investment/year € = 4.4% L =17 (from Table II)

A$ = 2,8 10,20 106(0.044 + 0.01) = 1,540,000 dollars/yean
TFhe results that have been shown on tables II through IV are not a complete
picture of less developed countries all over the world. Some countries have
been left out. For those countries:
1. The population is in the range of 0.2 + 5 million.
2. Electrical energy consumption per capita is very small (25 + 100kwh/
year). Therefore, the costs are negligibly small. The countries which

are not included are listed below.

1. Upper Volta . 9. Cameroon

2. Somalia 10. Senegal

3. Kwanda 11. Mauritania

4, Nepal 12. Liberia

5. Mali 13. Muscat and Oman
6. Laos 14, 1Ivory coast

7. Madagascar 15. Jordan

8. Togo 16. Albania



17. Mongolia 20, Swaziland

18. Singapore 21, Jamaica
19. Trinidad and Tonbago 22. Malta
CONCLUSIONS:

1. The expenditures for ccndensers in sixty—foﬁr less developed countries
have been calculated. Total investment per year = $13401,000

2. Yearly expenditures for condensers vary in the range of $1.500.000
(India) to $ 16000(Cyprus). It is estimated that 607 could be labor
and 407% imported materials insteed of 1007 imported.

3. In countriles such as Spain, Brazil because of their large energy con-
sumption per capita and medium size population it is worth investing
in them. For some countries like India, the electrical energy consumption

per capita is small. Large population causes the investment to be large.



NOMENCLATURE:

A Condenser total area (ftz)

'E Electrical energy consumption per capita, per year (kwh/year, capita)
Eé Total electrical energy consumption of a country (kwh/year)

(without prime indicates the en=rgy that has been drawing from the

power plant)

F EE/EE Load factor of the pow:r plant.
h Enthalpy (Btu/ 1bm)
n Condensation rate per unit area (lbm/hr ft2)
P Population (Million)
GNP Gross nationzl product (%)
£ 1 AGNP o
GNP A X 100 GNP growth rate (%)
1. Ap .
4 P A X 100 Population growth rate (%)
n thermal 2fficiency of the power plant (%)
M Total condensate steam per hour lbm/hr
steam
hin Enthalpy of the steam coming into the condenser Btu/lbm
hout Inthalpy of the water going out of the condenser Btu/1lbm.
Q Rejected heat in the condenser Btu/hr
2
l-n .1. 1 hr ft
C 0,38 n F ©Ah constant term Btu
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7R8LE-~T

COLBERT GALLARTIN /<1/vas‘T0N PRRRDISE W/IDOWS SREEMW
BULL RUN /-4 3 -2 3-4 1-4 5-9 7 2 7 3
é 5 6

M (Bfhr) 189, 16° 839 10° (421510 | 1e5e10°|4,29.10°|4,36.10°| §,8.10" 3,02, 10" |3,03.10| 5 35.40°| 1.2.10°

2 s 4 5 5 F 4 13 50° 5 5 5

A (Ft) 3,2+10 95«10 |2,6-10° |95.107 |{x 70" 16.407 | 8./0 |3. 3./0" | 24107 |¢g1./0
m (U"/hrFF') 5,9 42 4,65 | 444 |129 |725. 77 70,1 70,1 74,9 10,9
A.h (Btu/lb> 940 884 969 833 £29 840 832 958 958 2% 963

Gndensze P,\G/ocrfl'z.s o f variors powver /_-./mﬂl_s'

H



COUNTRY GNP/c.arlm Egfeapira |POPULATION| SNSTALLED] CONDENSEN] CONDENSER |cosT oF (;Rg\,::; RaTd Ggfm earg INVESTNENT
=6 cAPQLTY CAPACITY RRER CONDENSER e
ZUROPEAN counNTRIES p.s. $ k"”‘”ﬂsaa x 10 (w81 /g 28070 FEPx 1% U.S. %158 &b %: A’ u.s. $*\5"
SPAIN T30 74508 22,821 1100 C 56,5 10,20 28+44% G144 4o 4.54
GRESCE 740 £30 8. 503 1720 3,8 1,53 4.64 g5 0.8 0,41
AsiA /NEAR ZAST
TURKEY 300 200 33,55 1600 8,2 1,438 4, 38 4.7 2.5 0,30
IRAN 310 300 22.20 2020 10,8 4,94 5.64 8.5 3,0 0,62
/SRAEL /3560 2037 2.5 | 1350 §,324 7,23 4,74 é,9 2.4 0,245
CYPRUS 830 £00 0,600 114 0,538 0,105 0,535 3,8 1,5 0,016
KUWAIT 3540 4000 g,800 760 3,90 0,%0 2,2 5.28 8,2 0,265
SAVIDI QRABIA 360 200 2 N
yEMEN 70 20 5,20 \
/RAQ 260 244 8,634 Y {1160 5,95 7,07 3.24 5,25 2,6 0, 235
| _SYRIA 210 735 5,%C f/r
ASiAR/SOUTH BAST
INDIA 100 1O 523,222 | 72620 4,5 748 3Z. T4 2,0 2.8 7,50
PAKiISTAN 100 45 1723,453 | 1340 §,324 | 4235 L 0,7 2,3 0,113
RFGANIS TAN 50 20 1%, 40 334 77 0,597 130 425 2.5 9,032
PAILIPPINES /20 167 39, 400 S50 .1 145 4,34 2,2 J.4 0,23
MALAYSIR 330 2¢c0 (7 160 ' 539 B 0, a03 52 1 3.1 2,9 0,982
cevion 180 /50 2,900 1450 | 2,35 | 0,425 | 144 0,8 2.4 0,385
1 -
As/A/ FRK EAST ' !
CHINAQ (TAIWAN) 270 2417 73,4646 2370 7,2 2,2 6,3 3.8 2.3 0,68
S. KoREA /30 174 30,470 | 1240 5.5 | 718 3,54 7.2 2.2 0. 31
THAILAND 750 g2 33,6393 7490 3,85 0,63 2,18 2,§ 3.3 o114
S. VIETNAMM 130 47 7. 414 | 195 100 | o122 | 0%F% | 4,5 2.1 0,0335
JNDONESIA 100 700 124,89 2080 /5.2 2,74 2.89 2,2 2,9 0,39
BuRMA 70 30 28,5 254 0,95 0,172 0,72 2,6 2,3 0,0236
cAMBOD1IA 120 700 7.3 174 0,88 s, 0,83 2,6 3,0 g,0250
cHINA 20 60 772,98 1700 5,65 7,02 3,039 6,0 7,8 0,222
N. VIETHAM 90 40 21,6 205 7,06 lo43 o072 2,0 2.1 0.022
N. KDRER 250 269 74,3 £80 3,50 0,83 2,6 5 2,38 o, 1338

ot



GNF/eapiTy E‘-/ctm'm POPULATION /NSTALLED CONDENSER CONDENSER] COST OF GR?:V‘:H ea E. INVESTMENT
COUNTRY -6 cArmciTy [chrnciry | RRER conr/OENSEQ Ec;mwm ratd PER YEAR
LATIN AMERICA u-s. $ Kwh/faag | = 1° (mw) | BT4entS? 2168 | us. p58 €, € % u.s. $e16°

8RAZIL 250 433 88,209 9100 46,5 8,4 23,%4 7.4 2,8 2,4
CHILE 430 T34 9,357 /1640 8,4 1,57 4,44 5.1 7,9 0, 294
COLOAA 8/A 310 338 20,043 7620 8.3 1,5 4,44 3,0 3.2 0,268
MENXICO 530 £ 80 47, 627 5450 22 5,05 14, 4 4 2,3 3,3 0,87
ARGENTINA 820 758 24,%00 | 4460 23,0 4,12 11, 84 2,0 1,4 0,39

cusA 370 556 8,270 | 1030 5,6 17,01 3,68 3,0 4,9 0,14
COSTA RICA 450 500 7, 900

£L SALYADOR 230 216 3,6,

GUETEMALA 320 3400 5.3\

HoNDURAS 260 ro2 2,8 \

AICARAGUA 370 200 2,1\

BoLiveR 750 74 0 4,8 \

DOMINICAN REP. 230 250 4.4 74#50 24,4 4.4 72,54 2.4 2,3 o, 65
ScURDOR 220 140 6,3

PANAMA 580 500 7,5 /

PRRRGURY 230 200 2,5 |/

PERU 380 S00 14,0 /'

LRUSURY 520 6§80 2,9/

VENEZUELA 950 /20 177, 7 /

HAITI 70 32 5.4/

PUERTO RICO 1340 s00 2,9

AFRICAAN COUNTRIES

WNITED RRAP REP, 175 270 31,653 /1580 &,2 1, 43 4,39 3,0 2,8 0,245
ALGZRIA z20 100 14,50 345 1,78 0,32 1,14 0,5 2,8 0, 0305
TUNISIA 220 170 5,3 214 AL 0,29 0,80 3,1 2,7 0,0325
£/8vA /020 500 7,9 226 7,76 0,21 2 53 2.8 3,1 0.n350
NIGERIA f{e] So $5.5 §72 345/ ;645 | 4160 0,5 2,6 00,0545
ETuiopA 70 /5 24,2i2 i

GHANA 170 370 8,375_J ‘

KENyA /30 100 | 77,200 ’

7
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ZAmMB1I9 220 igo | 4,40 /
CONGO 90 g0 | 17,807
SUDAN 700 100 46,30
TOTAL L E03IT 1445, 1431 |74, 8335 1 224,285 13,4040
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