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ABSTRACT:
 

This report presents an estimate of the steam condenser needs for sixty­

four less drveloped countries. It is assumed all the new power is gener­

ated by stu Ii plants and the condenser market is entirely due to growth 

in the electric 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
 

on the power steam
iron heat exchangers. In particular, we are focusing 


because it appears to be a particularly attractive one.
condenser market, 


Vacuum operation gives rise to compressive stress in the shell and low
 

Further­temperatures reduce the problem of differential thermal expansion. 


more, this is the largest single market. The total heat energy for power
 

All steam power sys­production is about equal to that for industrial case. 


as the steam
tems use condensers while many industrial systems do not, 


is used for process 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
 

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


calculations for most of these countries will appear in appendicies.
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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.
 
FROM -ruP%/NF 

,dcOOJ.RVT WRTERI, IN 
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Figure (1) 7o BOILER 

REJECTED HEAT IN CONDENSER, 

M - h t) Btu/hr .... ...........Q = (h i 
. 10 

s team in out
 

( * )

M = mA.where 

steam
 

Since we know the installed electrical capacity (EE) of a country, we can
 

define the total energy consumption in a condenser as Q. And we
 

let [TI] = Thermal efficiency of a power plant.
 

Rejected heat in condenser becomes 

Q = I - n E kwh/year . . . . . . . 2° 

T1 E 

On the other hand, we have
 

30' = P x E kwh/year

E
 

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


*"m" has been tabulated for different type of power plants on table -I­
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plant in one year periodic working hours. Hence, we define the load fctor
 

as,
 
=
 kwkw - hr/year= EE 40
 

(kw capacity)hr/year EE
 

(*)F(load factor) hr/year 


Substitution of 40, 30 into 20 gives us the heat loss as
 

50
-n E P kwh/year 

ii F
 

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

Q = 0.38 4- f ExP Btu/hr .6.. . . 
nr F
 

and eq. 10 gives the need of the condenser area.
Combination of eq. 6 


0.38- E'P 1 .1 T1 . . (ft2.. 
A 3 F mah
 

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

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

$ = 240000 + 2,8A(ft2) . . .. . . . . 80 

Formula 80 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 

-$ = (240000 + 2,8A 2) - (240000 + 2,8A1 ) 

A$ = 2.8 (A2 - A1) or 

. .9 9... .. . .A$ = 2.8AA . 

where [AA] = ft2/year 

Since A = A(EE ) ( from eq. 70)
 

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.
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of a country. 

dEE dGNPI E N~ 
dtP + GNP P 

I 
+ GNP • 

E N. dP10 
-110 

w-here, d 
dt 

(E 
N = 

d 
dGNP 

E 
GNPI 

• dGNP 
dt 

_ (dE/6GNP) x GNP 
GNP2 

- E x dGNP 
dt 

Eq. 100 becomes 

/1 dGNP), dP +dGNP /du 
dEE E x P- E-+ -+ E) 

\NP dt ' t dt (dGNP GNP " 
dt 

Statistical results show that electrical energy per capita (E) vs. 

capita is approximately a straight line passing through zero. So, 

dE E 0 
dGNP GNP 

The result is the following: 

dE= E x P dGNP) + (l dP' 

dt +t dtI 

120 

GNP per 

130 

However, dGNP =GNP, dP =p 

dt dt 

If we substitute into eq. 130 

dEE 
dt 

E P(C + 1) kwh/year . . 140 

From Equation 70 

A =C * EE 

or 

dA = 
dt 

dA 
dt 

dE­
dt 

C x C + . . 150 

C A 
E x P substition into Eq. 150 yields 

to 



dA A(c+ ) . ... . . 160 
dt 

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

. .	 170A$ 	= 2.8A(c+ ) . . . . 

ASSUMPTIONS THAT HAVE BEEN DONE IN THE CALCULATIONS
 

Before beginning the calculations it is worthwhile to ment~bnsome 

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 are used on the system and so forth. However, in
 

the calculations an average value has been used (n = 0.40)
 
2 

3. 	As we can see from table 1 "m" lb/hr ft2 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
 

P = 	32,621 106
 

(from Eq. 3) E= 32 621 106 1408 = 460 108 kwh/year
 



6 

Installed c.pacity E Z 460 108 11000 MW

E 0,48.8760
 

_1 -0.4
 

Condenser capacity Q - 0.4 . 11000 = 16500 MW or
0.4 

Q = 16500 103 3,412 103 = 56,5 109 Btu/h7: 

5.9 lb/hr ft
2
 

m = 

(From table I)
 

Ah = 940 Btu/lb 

f t 2
 

A = 109= 10,2010 2
 
_ 565 

mAh 5)9940 

Cost of condenser
 

=$ -. 240000 + 2,8 10,20 106 (0,24 + 28)2) 10 6 

$ = 28,44 106 dollars 

Investment/year 6 = 4.4% C = 1% (from Table II) 

A$ = 2,8 10,20 10 6(0.044 + 0.01) = 1,5401000 dollars/vEAgn 

'The 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 t 5 million. 

2. Electrical energy consumption per capita is very small (25 -t100kwh/
 

year). Therefore, the costs are negligibly smal].. The countries whfch
 

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. Ivory coast
 

7. Madagascar 15. Jordan
 

8. Togo 16. Albania
 



17. 	 Mongolia 20. Swaziland
 

18. 	Singapore 21. Jamaica
 

19. 	 Trinidad and Tobago 22. Malta
 

CONCLUSIONS:
 

1. 	The expenditures for ccndensers in sixty-four less developed countries
 

have been calculated. Total investment per year - $13A.01,000
 

2. 	Yearly expenditures for condensers vary in the range of $1.500.000
 

(India) to $ 16000(Cyprus). It is estimated that 60% could be labor
 

and 40% imported materials instepd of 100% imported.
 

3. 	In countries 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.
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NOMENCLATURE:
 

A Condenser total area (ft2
 

E 
 Electrical 	energy consumption per capita, per year (kwh/year, capita)
 

E' 	 Total electrical energy consumption of a country (kwh/year)
 

(without prime indicates the energy that has been drawing from the
 

power plant)
 

F 	 E'/EE Load factor of the power plant.
 

h Enthalpy (Btu/lbm)
 

P Condensation rate per unit area (ibm/hr ft2)
 

P Population (Million)
 

GNP Gross national product ($)
 

1 AGNP
 
GNP At x 100 GNP growth rate (%)
 

1 . AP
A-- x 100 Population growth rate (%) 

Tthermal afficiency of the power plant (%) 

Msteam Total condensate steam per hour lbm/hr 

h. 	 Enthalpy of the steam comingin into the condenser Btu/lbm 

hou t nthaly of the water going out of the condenser Btu/ibm. 

Q 	 Rejected heat in the condenser Btu/hr
 

2hr ft 
0 3 8 1 - n .	 1. 1 


iconstantA- term 
 Btu
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