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I .  INTRODUCTION

Taiwan is an island s i tu a ted  o f f  the southeastern coast o f  the 

Chinese mainland and separated from Fukien Province by the Taiwan 

S t r a i t  which has a width o f  from 90 to 120 mi les .  The southern t i p  

o f  the island is 225 miles north o f  the P h i l ip in e s  and the northern  

t i p  665 miles southwest o f  Japan. South-Central  Taiwan is bisected  

by the Tropic  o f  Cancer (Figure 1) .^

The main island l i e s  between 2 1 ° 4 5 ‘ and 25^38' north l a t i t u d e  

and 119 °18' and 122°6' east longi tude.  I t  is 250 miles long and 

from 60 to 90 miles wide.  The area is 13,885 square mi les .  The i s ­

land shape is roughly th a t  o f  a tobacco l e a f ;  long and taper ing to 

the stem end in the south.

The c l im a te  is subtropical  in northern and centra l  Taiwan,  

t ro p ic a l  in the south. Summers are long and humid, w i th  an average 

temperature o f  about 80°F.  The w inters  in the south are confined  

to January and February,  and the average temperature is a mild 65°F.  

Snow occurs only  in the high mountains. Table 1 and Figure 2 i l l u s ­

t r a t e  the average seasonal day- t ime temperature range in selected  

c i t i e s  in Taiwan; northern,  c e n t r a l ,  southern and eastern parts re­

s pec t iv e ly .^  Table 2 and Figure 3 show the average n ig h t - t im e  temper-

2
atures in these c i t i e s .

Table 3 and Figure 4 i l l u s t r a t e  the average seasonal wind speed

and d i r e c t io n  f o r  selected  c i t i e s  in nor thern ,  c e n t r a l ,  southern,

2
and eastern parts  o f  Taiwan re s p e c t iv e ly .  In genera l ,  the wind

1
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Figure  1. Map o f  Taiwan

CHANGHUA,
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Tab le  1. Average Seasonal Day-Time Tem peratures (°C)
f o r  S e lec te d  C i t i e s  in  Taiwan

2
(Data from Central  Weather Bureau o f  R.O.C.)

Locat ion March June September December

Ta ipe i  (----------) 17.9 28 .4 27-3 18.9

Tai-Chung (—  — ) 20 .5 2 9 .0 28 .7 19.8

Heng-Chun ( ---------- ) 24 .2 2 9 .4 29 .2 23.8

Tai-Tung (— • • — ) 22.3 28 .7 28 .4 21.2

2-7 ■*

2 3 - /  /

21 +

March J une September December

Figure 2.  Average Seasonal Day-Time Temperatures (°C) 
f o r  Selected C i t i e s  in Taiwan

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  2 . Average Seasonal N ig h t -T im e  Tem peratures (°C)
f o r  S e lec te d  C i t i e s  in  Taiwan

2
(Data from Central  Weather Bureau o f  R.O.C.)

L o c a t io n March June Septem ber December

T a i p e i  (----------- ) 16.1 25.1 24.5 16.8

T a i -C h u n g  (—  — ) 17.1 25.2 24.3 15-4

Heng-Chun ( ------------) 20.7 26.1 25.5 21 .6

T a i -T u n g  (----- ------- ) 19.6 25 .8 25.3 18.9

27 T

21 - •

March June September December

Figure 3- Average Seasonal Night-Time Temperatures (°C) 
fo r  Selected C i t i e s  in Taiwan
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Tab le  3. Average Seasonal Wind Speed and D i r e c t io n
f o r  S e lec te d  C i t i e s  i n Taiwan

2
(Data from Central  Weather Bureau o f  R.O.C.)

Month

Taipei Ta i-Chung Heng- Chun Ta i-Tung

Speed(-^—) K sec D i r . Speed ) v sec D i r . Speed(~^— K sec ) D i r . Speed(-^—) D i r .  K sec

March 2 .6 W 1.9 S b .2 SW 3.1 SSE

June 1.7 NNW 1.3 N 2.1* E 2 .9  SE

September 3 .9 W 1.8 S 3.1 SW 2 .5  SE

December 3.2 W 2 .0 S b . l SW 2.6  SE

Ta i-Chung Heng-Chun

J

Tai pei

Figure 4. Average Seasonal Wind Speed and D irec t ion  
fo r  Selected C i t i e s  in Taiwan

U 1
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speeds in Taiwan tend to be g rea tes t  in December and least  in June.

An o v e ra l l  average o f  wind d i r e c t io n  fo r  Taiwan tends to be from 

the south.

Taiwan's populat ion exceeded 17 m i l l i o n  a t  the end o f  August,

1978. The populat ion densi ty  is more than 1255 persons per square 

m ile ,  highest in the wor ld .  Since the land area o f  Taiwan is ap­

proximately one-quar ter  the s iz e  o f  the e n t i r e  s ta te  o f  Michigan,  

w h i le  the populat ion o f  Taiwan is almost double th a t  o f  the e n t i r e  

s ta te  o f  Michigan, the populat ion densi ty  is 7-7 times th a t  o f  

Michigan, and 20 times tha t  o f  the United States (Table 4 ) .

The major types o f  energy used by the people o f  Taiwan are gas, 

o i l ,  coa l ,  h y d ro e le c t r ic  and nuclear .

The in s ta l l e d  e l e c t r i c  power capacity  was 7,020 m i l l i o n  wat ts  

a t  the end of 1977. A l i t t l e  over 19 percent is from hydro p la n ts ,

9.1 percent from a nuclear p lan t  and the res t  from fo s s i l  f u e l -  

f i r e d  genera tors .^  Fossi l  f u e l - f i r e d  generators include both coal 

and o i l  burning generators (Table 5 and Figure 5 ) .

Taiwan is not r ich  in natura l  resources.  Those a v a i l a b le  have 

been e xp lo i ted  with  increasing success in recent years .  Production 

o f  minerals ( inc lud ing c o a l ,  crude o i l  and natura l  gas) has t r i p l e d  

since 1952. Coal reserves are  est imated a t  more than 220 m i l l i o n  

metr ic  tons.  Production was a l i t t l e  less than 3 m i l l i o n  metr ic  

tons in 197^ (Table 6 ) ,  a l i t t l e  more than 3 m i l l i o n  metr ic  tons in 

1975, and 3 .2  m i l l i o n  m etr ic  tons in 1976. This was i n s u f f i c i e n t  to  

meet demand and 170,000 metr ic  tons o f  coal were imported. Coal seams 

are  becoming th inner  and e x t r a c t io n  costs have r ise n .  Oi l has not

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 4. The Populat ion ,  Area and Populat ion  
Density o f  United S ta te s ,  Michigan,  

Kalamazoo County and Taiwan^

Populat ion
(persons)

Area
(mi2 )

Populat ion Density  
(persons/mi2)

Un i ted States 214 ,659,000 3 ,536 ,855 60.7

Michigan ( e n t i r e ) 9 ,104 ,000 56,817 160

Kalamazoo (County) 202,200 562 360

Taiwan 17,009,328 13,885 1225

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 5- The E l e c t r i c a l  Generating Capacity and the  
R e la t iv e  Percentage Generating Capacity o f  

Various Taiwan Power Sources^

1n s ta l le d  Type Capacity (M.W.) Compos i te  %

Hydro 1.365 19 - k

N u c le a r 636.000 9.1

F o s s i l  Fuel 5,019 71-5

T o t a l 7,020 100.0

Nuclear

Fossi l  Fuel 
71.5%

Figure 5. R e la t iv e  Capaci t ies  o f  Taiwan Power Sources

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 6. The In d u s t r ia l  Production o f  
Energy Resources in Taiwan^

(Note: M = m i l l  ion)

In d u s t r ia l Production
Contents Un i t 1974 1975

Coal 1000 MT 2934 3141

Natural  Gas Mm̂ 1537 1575

Crude 
Petroleum 1000 Kl 210 215

E l e c t r i c i  ty M KWhr 20536 22894

Manufactured
Gas Mm̂ 30 28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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yet  been discovered in commercial ly important q u a n t i t i e s ,  although  

exp lo ra t io n  continues on both land and sea.  Natural  gas, however, 

is a major resource.  Reserves found on land exceed 32 b i l l i o n  

cubic meters.  S izab le  deposits have been discovered o f f  the south­

west coast but are not ye t  tapped. Natural  gas production from 

land w el ls  was near ly  1.6 b i l l i o n  cubic meters in 197^ and more 

than 1.8 b i l l i o n  cubic meters in 1976.

Power sources in Taiwan cannot meet the e x is t in g  energy c r is e s ,  

so most o f  the supplies are imported. Tai-power (Taiwan Power 

Company) which transports  o i l  from the Middle East in i t s  own 

tankers ,  has signed supply contracts w i th  Saudi Arabia and Kuwait.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I I .  USE OF WIND AS AN ENERGY SOURCE

The e v e n - s h i f t in g  d i f f e r e n t i a l  heating o f  the ear th  by the  

sun's warmth causes the motion o f  the winds.  The conversion o f  the 

tremendous force  o f  wind motion to e l e c t r i c i t y  is a source o f  non­

p o l lu t in g  energy. The world is s t rugg l ing  to meet the demand fo r  

e l e c t r i c a l  energy and is consuming f o s s i1 - f u e l  sources a t  a 

devasta t ing ra te  w h i le  only l a c k lu s t e r  impetus is given to the use 

o f  the vast q u a n t i ty  o f  nonpol lut ing energy a v a i l a b le  from the 

wi nd.

A basic function  diagram is shown in Figure 6 .^  There are  

three usual classes o f  windmil ls  ( p o s t - m i l l s ,  smock-mil ls and
g

t o w e r -m i l ls )  The i n i t i a l  step in the conversion o f  wind energy to  

mechanical motion can be accomplished by a v a r i e t y  o f  wind blades 

and ro to rs .  E l e c t r i c a l  generators make the conversion from 

mechanical motion to e l e c t r i c i t y .  E i th e r  d .c .  or a . c .  generators  

can be employed wi th  various vol tage and power c a p a b i l i t i e s  as 

required by the system. Popular values are  12V, 2AV, 36V, 110V d .c .  

and 110V, a . c .

When the wind v e lo c i t y  is too high,  an in tervening b e l t  and/or  

gear system can be used to make an appropr ia te  conversion between 

the ro ta t io n a l  speed o f  the wind-dr iven  ro to r  and a s u i ta b le  speed 

o f  r o ta t io n  fo r  the generator .

During periods o f  calm and low wind v e l o c i t y ,  generators be­

come in a c t i v e .  E l e c t r i c a l  energy must be stored by b a t t e r i e s  or

11
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Figure 6.  Basic Plan o f  Wind-Generating System

Blade

Geari ng

I n ver ter
Control  

and 
Meteri  ng

Generator 110V a . c .

12V d .c .
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other  e nergy -s to r ing  methods. Presently  the secondary b a t te ry  is

popular and serves as a re s e r v o i r  o f  e l e c t r i c a l  energy.

Wind e l e c t r i c a l - g e n e r a t i n g  systems must be planned according

to the average wind v e l o c i t y  condi t ions o f  an area ,  w i th  an added

s afe ty  fa c t o r  tha t  would acccomodate a reasonably long w ind -qu ie t

per iod .  An average y e a r ly  wind v e l o c i t y  o f  9—10 miles per hour is

adequate f o r  i n s t a l l a t i o n  o f  a p r a c t ic a l  w ind-generating system.^

The average seasonal wind speed and d i r e c t io n  in se lected

c i t i e s  o f  Taiwan, as shown in Table 3 and Figure 4, are taken

from the records o f  the Centra l  Weather Bureau o f  the Republic o f  

2
China.  According to these d a ta ,  the average wind speed is less 

than 4 meters per second, except a t  Heng-Chun in December. Since 

the minimum p r a c t ic a l  wind speeds o f  9—10 miles per hour are  

e q u iv a len t  to 4 .02  -  4 .47  meters per second, i t  is evident  tha t  

Taiwan cannot expect to u t i l i z e  the p r e v a i l in g  winds in any exten­

s ive  manner as a f e a s i b l e  energy source.  No doubt th is  lack  o f  

s u f f i c i e n t  wind v e l o c i t y  is the primary reason tha t  there  are cur ­

re n t l y  no w indmil ls  in Taiwan.

The fundamental equat ion tha t  determines the wind power, in
7

w a t ts ,  th a t  impinges on a s l im  two-blade p ro p e l le r  is '

P = 0 .005  AV3

where A is the area in square f e e t  covered by the blade as i t
2

ro ta tes  (eq u iv a le n t  to irr ) ,

V is the wind v e l o c i t y  in miles  per hour,

P is the power in w a t ts .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table  7,  which fo l lo w s ,  is q u i te  p r a c t ic a l  and presents an 

approximation o f  the usable power tha t  can be der ived from an e f ­

f i c i e n t  two-blade w in d m i l l ,  in terms o f  blade diameter in f e e t  a t  

wind v e l o c i t y  o f  10 miles per hour (or 4 .47  meters per second).

An approximate o v e r a l l  e f f i c i e n c y  o f  30% has been assumed.^

The fo l low ing  example w i l l  i l l u s t r a t e  the use o f  the wind 

power equation P = 0 .005  AV .

Assume a blade w i th  a 10 - foot  diameter a t  wind v e lo c i t y  10 

miles per hour and determine the wind power s t r i k i n g  the two-blade  

w in d m i l l .  The c a lc u la t io n  is as fo l lows:

P = 0.005 x 3 .14  x ( 5 ) 2 x 103 = 392 w at ts .

The th e o r e t i c a l  e f f i c i e n c y  o f  convert ing  wind energy to pro­

p e l l e r - t u r n i n g  energy is 59-3%.^ The p r o p e l le r - t u r n in g  energy is 

converted in to  e l e c t r i c a l  energy (by the p r o p e l le r  generator)  wi th  

an e f f i c i e n c y  o f  50%.^ The o v e ra l l  e f f i c i e n c y  then approximates 

30% (59.3% x 50% = 30%). Note th a t  30% o f  the previous wattage  

f i g u r e  is about 117 watts  (392 x 0 . 3 ) *  So a windmil l  w ith  a 10-  

foot diameter blade is needed to provide e l e c t r i c i t y  to l i g h t  one 

100-watt  l i g h t  bulb.

In Taiwan, the e l e c t r i c i t y  production is est imated to be 

33,608 m i l l i o n  k i lo w a t t -h o u rs  th is  year (1978).  (See Table 8 . )

I f  w indm i l ls  w i th  a 2 0 - fo o t  diameter blade were used to supply 10% 

o f  Taiwan's e l e c t r i c a l  energy,  815,700  w indmil ls  would be required  

33608 X 10s Wh X 101 33608 x 10
 I.70W x 8?66h--------  -  m  x 8766 ’  815,700 w.ndm,1 Is .

That is eq u iva len t  to approximately 60 w indm il ls  per square m i le .
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Table 7- Output C a p a b i l i ty  in Watts fo r  E f f i c i e n t  
Two-Blade Windmil l? a t  a Wind V e lo c i ty  o f  

10 Miles Per Hour

Blade Diameter  
( f e e t )

Output
(watts)

6 40

7 57

8 75

9 95

10 117

11 142

12 169

15 264

20 470
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(Note : MKWhr -

Table 8. Estimates'* o f  Taiwan E le c t r i c a l  Needs and C a p a b i l i t i e s  
fo r  the 12-Year Period 1978 Through 1989

M i l l io n  K i lowat t  hours)

Year

Predicted E l e c t r i c a l  
Energy Need

Predicted E le c t r i c a l  
Energy Capab i 1i ty

Predicted Average 
Power Load Per Day

Predicted  
Load Per

Peak Power 
Day

MKWhr

Yearly  
Growi ng 
Rate {%) MKWhr

Year 1y 
Growi ng 
Rate (%) Ki lo  KW Ki lo  KW

Yearly  
Growi ng 
Rate {%)

1978 31,11* 12.30 33,608 13.34 3836.5 5570.6 13.69

1979 34,599 11.20 37,344 11.12 4263.0 6215.0 11.57

1980 38,439 11 .10 41,457 11 .01 4732.5 6927.8 11.47

1981 42.975 11 .80 46,324 11 .74 5288.2 7772.9 12.20

1982 48,089 11.90 51,809 11.84 5914.3 8729.6 12.31

1983 53,763 11.80 57,897 11.75 6609.2 9795.2 12.21

1984 60,000 11.60 64,586 11.55 7372.8 10972.2 12.02

1985 66,900 11.50 71,990 11.46 8218.0 12279.3 11.91

1986 74.460 11.30 80,099 11.26 9143.7 13715.6 11.70

1987 83,990 12.80 90,322 12.76 10310.7 15535.9 13.27

1988 94,573 12.60 101,680 12.58 11607.4 17566.2 13.07

1989 106,395 12.50 114,366 12.48 13055.5 19844.8 12.97



Note th a t  the c a lc u la t io n  o f  the number o f  w indm i l ls  is based 

on a wind v e l o c i t y  o f  4 .4  meters per second. The ty p ic a l  averages  

o f  Table 3 are s u b s t a n t ia l l y  below 4 .4  m/s v e l o c i t y ,  so the actual  

requirements o f  Taiwan would be c lo ser  to 100 w indm i l ls  per square 

mile  ( to  produce 10% o f  Taiwan's energy requirements ).

Although windmil ls  do not provide a f e a s i b l e  energy help fo r  

the e n t i r e  Taiwan country ,  they might be o f  some help in some rural  

or iso la ted  areas which are not e a s i l y  served by hydro,  fo s s i l  fue ls  

or nuclear generat ing p la n ts .  Windmil ls w i th  la rge  diameter blades 

( f o r  example, 100 f t  or  200 f t )  w i l l  increase power output per  

windmil l  by 100 to 400 times over a 1 0 - f t  diameter w in d m i l l .  Also,  

o f  necessi ty ,  such windmil l  blades would operate  a t  a higher e le v a ­

t ion  above the t e r r a i n  where the wind v e l o c i t y  is s i g n i f i c a n t l y  

higher  than the surface winds.
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I I I .  USE OF WAVES AND TIDES AS ENERGY SOURCES

Power is the ra te  a t  which energy is developed. The amount o f  

p o te n t ia l  power in a wave t r a i n  breaking upon the shore,  th e re fo re ,  

depends upon the energy in a s in g le  wave and the ra te  a t  which the 

waves a r r i v e ;  t h a t  i s ,  t h e i r  frequency.  The energy in a wave con­

s is t s  o f  two p a r ts ;  one is the po te n t ia l  energy from the he ight o f  

the wave, the o ther  is the k in e t i c  energy locked up in the o r b i t a l  

movements o f  the water  p a r t i c l e s .  Once th is  energy has been d e te r ­

mined f o r  a wave t r a i n  o f  a s p e c i f i c  wave h e ig h t ,  i t  is then neces­

sary to m u l t ip ly  i t  by the number o f  waves th a t  a r r i v e  per hour to 

est imate  the horsepower or  number o f  k i lo w a t ts  generated per foot  

o f  c o a s t l in e .  To take a concrete  example, a 6 - f o o t  swell w i th  a 

period o f  16 seconds could generate along every yard o f  oceanfront

about 40 k i l o w a t t s .  A mi le  o f  oceanfront would generate 70,000  

g
k i l o w a t t s .

There are a number o f  reasons why there  does not e x i s t  any 

l a r g e -s c a le  power p lan t  in Taiwan using wave energy. Among the 

prime reasons is th a t  wave energy is not r e l i a b l e .  I t  r a r e ly  con­

t inues to dispense power o f  the same magnitude day a f t e r  day in any 

one place a l l  year  long. Another is t h a t ,  except in exceptional  

ga les ,  the energy is t h i n l y  d is t r ib u t e d  and to be o f  p r a c t ic a l  

value  i t  must be concentrated.  S t i l l  another is th a t  where the 

power generated is g re a tes t  i t  is not easi  ly  contro l  l a b le ;  th a t  i s ,  

i t  is not f e a s i b l e  in those areas to e rec t  a machine in which the

18
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a v a i l a b l e  power could be e a s i l y  used to turn  a dynamo.

The long waves o f  the t id e s  o f f e r  a more p ra c t ic a l  source of  

power. The d i f f i c u l t i e s  in u t i l i z i n g  t i d a l  power are less than 

those encountered in t r y in g  to harness waves.

T ida l  e l e c t r i c  power is a special  kind o f  h y d ro e le c t r ic  power, 

depending on the a l t e r n a t e  f i l l i n g  and emptying o f  a demand basin 

ra the r  than on the o n e -d i r e c t io n a l  f low o f  water .  The amount of  

energy a v a i l a b l e  a t  a s i t e  depends on the range o f  the t i d e  and 

the area o f  the enclosed basin ,  and can be ca lcu la ted  i f  these 

values are  known.

The p r a c t ic a l  t i d a l  power p lan t  is the two-basin system, as 

i l l u s t r a t e d  in Figures 7 and 8 . ^

In the two-basin system, the two basins are separated from 

each o th e r  by a dam with  gates and are  closed o f f  by other  gates

from the sea.  One is operated as a h ig h - le v e l  basin and the second

as a low - leve l  basin.  The power p la n t  is placed between the two

basins and arranged to discharge a t  w i l l  e i t h e r  into the low-leve l

basin or  d i r e c t l y  in to  the sea.  By proper t iming o f  the ga tes,

operat ion  o f  the power p la n t  can be made continuous. With the two-

basin arrangement, some f i rm  power can be developed, but i t  would 

vary in amount w i th  neap t id e s .  (Firm power is power developed

when needed.) Only a c o s t ly  system o f  s to r in g  energy in some form,

u t i l i z i n g  a u x i l i a r y  pumping systems and re servo irs  much l i k e  a 

storage b a t t e r y  th a t  is charged when power demand is low and d is ­

charged when demand is h igh ,  can gear the power supply to the  

f l u c t u a t i n g  power demand.
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Figure 7 - ^  Possible Ranges o f  Level V a r ia t io n  
in Basins,  as Compared w i th  Seaward T ida l  Range

T ind ica tes  turb-ine f low; P indicates  pump f low.  
Slu ice  flows and pump-aided s lu ic e  flows not shown.

Sea Low Bas i n High Basin

Tide

Figure 8 . 1(  ̂ R e la t iv e  Water Levels in the Upper and 
Lower Basin Compared to Sea Level

(Double basin system with  pumping between sea and basins)

Upper Basin

mean
sea
level

Lower Basin

Time (T ida l  Periods) ■+
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When the e a r t h ,  moon and sun are a l l  approximately in l i n e ,  the  

condi t ion o f  f u l l  and new moon, the t i d a l  bulges o f  the moon and 

sun are  a d d i t i v e  in these two cases,  so th a t  the high t ides  so pro­

duced w i l l  be extreme, the s o -c a l le d  "spr ing t i d e s . "  (The i r  occur-

ance has nothing to do wi th  the season " s p r in g ." )  When the sun and 

moon are  in quadrature ,  the t id e -g e n e ra t in g  forces are  90 degrees 

out o f  phase and operat ing a t  r ig h t  angles to one another.  This  

produces the minimum t id a l  range -  the "neap t i d e s . "  Spring t ides

are about 20% g re a te r  than the average t i d a l  range. Neap t ides  are

11about 20% lower than average.  This v a r i a t i o n  occurs f o r t n i g h t l y .

Consider an observer a t  po int  A on the equator in Figure 9-

As the ear th  ro ta tes  d a i ly  he would see two high t ides  as he passes

under the bulges,  separated by two low t id e s .  An observer a t

point  B would s i m i l a r l y  see two high t id e s ,  but the height would be

somewhat lower than seen by A. In genera l ,  the nearer  one is to

the equator ,  the higher the t i d e  one can see; the f a r t h e r  one is

from the equator ,  the lower the t i d e  one can see.

Taiwan's l a t i t u d e  is between 21°h5 '  N and 25°3S ‘ N. Hence,

there  may be no doubt about adequate great  t ides  occuring that

close to the equator.

I t  is possible  to der ive  a formula fo r  c a lc u la t in g  t i d a l  power.

The p o te n t ia l  energy of  a body w i th  a mass m kilograms a t  a

he ight H meters above ground level  is given by:

Ep = mgH jo u les  = 9 .8  mH jo u le s ,
2

w i th  g = 9 .8  m/s , denoting the g r a v i t a t io n a l  a c c e le ra t io n ,
3

Using one m etr ic  ton = 10 kg as the u n i t  o f  mass m, the
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Figure 9- The E f fe c t  o f  the 23-5 Deg.  E c c e n t r i c i t y  
on the Tides as seen by Observers A and B

^  to the  
moon
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equation becomes:

E = 9 .8  mH k i lo j o u i e s  
P

Denoting the mass o f  water f lowing down per second as the 

water  f low Q, and assuming th a t  the p o te n t ia l  energy is f u l l y  con­

ver ted in to  useful  work,  the power -  th a t  i s ,  the work done per 

second -  is :

P = 9 -8  QH K i lo jo u le s /s e c  ( = K i lo w a t ts ) .

Since a cubic meter o f  water weighs one metr ic  ton,  the f low

Q can a lso  be given in cubic meters per second. By neglecting  the

small d i f f e r e n c e  between 9 .8  and 10, the ru le  o f  thumb is obtained

th a t  the gross power ( in  k i lo w a t ts )  o f  a water power p lan t  is ten

times the product o f  the water f low ( in  cubic meters per second) and

the head ( in  meters ) .

The o v e r a l l  e f f i c i e n c y  o f  the conversion from p o te n t ia l  energy

o f  the water to e l e c t r i c  power de l iv e re d  from the p lan t  can be e s t i -

12mated a t  about 75~80 percent ,  and th e re fo re  ( ra th e r  o p t i m i s t i c a l ­

ly )  the ru le  o f  thumb f o r  net power is :

Net power = 8 QH (KW)

Assuming a head o f  t id e  o f  5 meters (about 16 f e e t ) ,  and ap-
3

p ly ing  the formula P = 8 QH, a water f low o f  Q = 250 m /sec  would

be required to produce a power o f  10,000 KW. ( = 10 MW) That is the

same q u a n t i ty  as the p r a c t ic a l  geothermal power p la n t  Taiwan is ex-

13pect ing to b u i ld  in 1980.

I f  th is  power is 10 MW with  a t i d a l  head o f  H = 5 meters,  then
3

a permanent f low o f  250 m per second is required .  This means tha t  

w i t h in  a t i d e  period o f  twelve hours about 10' m i l l i o n  cubic meters
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o f  water f low through the turbines from one basin to another basin.

I f  the leve l  d i f f e r e n c e  between the two basins is not to be decreased

apprec iab ly  by the loss o f  t h is  q u a n t i ty ,  the capac i ty  o f  each

re servo i r  must be, say,  ten times as g re a t .  There fo re ,  a capacity

o f  100 m i l l i o n  cubic meters is requ ired ,  and the gates must be wide
■>

enough to d e l i v e r  the whole q u a n t i ty  o f  100 Mm̂  w i th in  a time of  

scarcely  more than one hour.

T he re fo re ,  s i g n i f i c a n t  con tr ibu t ions  from t i d a l  power can be 

made only  by means o f  large  reservo irs  and with  dams, gates,  and 

tu rb ines f o r  handling g reat  q u a n t i t i e s  o f  water .
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IV. USE OF WATERFALLS AND STREAMS AS ENERGY SOURCES

When power needs were f a r  sm al le r ,  the energy contained in the  

f lowing water o f  a nearby stream was o f ten  enough to s a t i s f y  those 

needs. For more power, however, the energy o f  f a l l i n g  water is 

needed.

I f  there  is f lowing water ,  but no drop, to produce hy d ro e lec t r ic  

power, a dam must be b u i l t  on a r i v e r ,  with  turbines and generators 

at  i t s  base. The water behind the dam stores energy tha t  would 

otherwise have been d iss ipated  as the water descended over the r i v e r  

bed. When tunnels through the dam are opened, water pours through 

with  great fo rc e ,  spinning turb ines which d r iv e  generators to pro­

duce e l e c t r i c i t y .

Taiwan's 30 h y d ro e le c t r ic  plants  have a to t a l  capaci ty  of  

6 14about 1.4 x 10 k i lo w a t ts .  They make up more than 19 percent o f  

the to t a l  i n s t a l l e d  e l e c t r i c  generating capacity  (Table 5 and 

Figure 5 ) .  A contemplated p ro je c t  a t  Sun Moon Lake would add 

near ly  1.5 x 10^ k i l o w a t t s . ^  Other s i t e s  o f f e r  a d d i t io n a l  poten-
g

t i a l  o f  more than 5 x 10 k i lo w a t ts .  The Tseng Wen Dam and Reser­

v o i r  was dedicated in 1973. I t  stores 708 m i l l i o n  cubic fe e t  o f  water

4 14and generates 5 x 10 k i lo w a t ts  o f  e l e c t r i c i t y ,  More than 850 k i l o ­

watts o f  h y d ro e le c t r ic  power w i l l  be coming from the Tachia River

in centra l  Taiwan. The Chingshan power p lan t  w i th  capaci ty

5 14o f  3 .6  x 10 k i lo w at ts  is Taiwan's biggest .  The Tachi p la n t ,

a lso on the upper reaches of the Tachia ,  added 2 .34  x 10'* k i l o ­

watts in 1 9 7 4 . ^  Other plants  in the complex include Kukuan at

25
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1.8 x 105 k i lo w a t ts  and Te in lun a t  7-9 x 10^ k i l o w a t t s . ^

Hydropower has some d e f i n i t e  advantages.  I t  operates e n t i r e l y  

without f u e l ,  the o r ig i n a l  energy comes from the sun. Thus, there  

are no combination products,  or any other  wastes.  The o v era l l  e f ­

f i c ie n c y  o f  the conversion from p o te n t ia l  energy o f  the water to

12e l e c t r i c  power d e l ivered  from the p la n t  is about 75 to 80 percent.

Because o f  th is  high e f f i c i e n c y ,  very  l i t t l e  waste heat is gener­

ated and the e l e c t r i c i t y  produced in th is  manner is usual ly  cheaper 

than th a t  o f  any other  method.

From the preceding chapter ,  we know a water f low o f  Q. in cubic 

meters per second and a head H in meters w i l l  d e l i v e r  a net power 

o f  8QH (KW). The v e lo c i t y  o f  the f r e e  j e t  impinging on the gener­

a t o r ,  or  turbine. , can be computed by s e t t in g  the p o te n t ia l  energy of  

the water a t  the top equal to i t s  k in e t i c  energy a t  the bottom.
9 .

mgH = jmv v = /2gH

Table 9 uses v = /2gH to p re d ic t  the water f low v e lo c i t y  a t

the bottom o f  the w a t e r f a l l  fo r  various w a t e r f a l l  he ights ,
2

Solving v = ^2'gH fo r  H = and s u b s t i tu t in g  th is  expression

in to  the net power equation y ie ld s :
2 2

Net power = 8QH (KW) = 8Q = 4Q —
^9 9

2
or net power = O.AQv k i lo w a t ts .

Hence, the amount o f  power generated by a h y d ro e le c t r ic  system 

depends upon the volume o f  water f low ( in  m / s )  and the square o f  

the v e lo c i t y  o f  the water ( in  m /s) .

Hydropower cannot be a long-term so lu t ion  to Taiwan's energy
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Table 9. V a r ia t io n  o f  the E x i t in g  Water Flow V e lo c i ty  
w ith  the Height o f  the W a te r fa l l

Head (m) V e lo c i ty  (m/s)

1 k.  A3

2 6.26

5 9.9

10 13.9

20 19.8

50 31.3

100 k k .3

200 62.6

500 99.0

1000 139.0
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problems, although i t  has contr ibuted s u b s t a n t ia l l y  to the growth 

o f  Taiwan. The problem is s i l t .  A l l  streams and a l l  r i v e rs  carry  

s i l t ,  t i n y  s o i l  p a r t i c l e s  th a t  are  swept along w i th  f lowing water  

but which s e t t l e  out in calm water .  Thus a r i v e r ' s  burden o f  s i l t  

w i l l  be dumped into  the r e se rv o i r  a t  the h y d ro e le c t r ic  p la n t ,  and 

the re s e rv o i r  w i l l  g radua l ly  f i l l  up. When th a t  happens, the water  

storage c a p a b i l i t y  w i l l  be lo s t  and thereby i t s  usefulness to  

i r r i g a t i o n  and f lood c o n t ro l .  As to power genera t ion ,  on the other  

hand, the f u l l  head would remain; the amount o f  power generated 

would depend on the run o f  the r i v e r .  The energy o f  the w a t e r f a l l  

a v a i l a b l e  a t  the dam s i t e  w i l l  g enera l ly  be sm al le r  in amount, and 

subject to f lu c t u a t io n s  in the r i v e r  f low.
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V. USE OF GEOTHERMAL ENERGY AS AN ENERGY SOURCE

Geothermal energy is derived from the in te rn a l  heat o f  the 

e ar th .  This energy is usable a t  those points where i t  occurs in 

c o n c e n t r a t i o n  in  an e x t r a c ta b le  form (such as hot water  or steam) 

w ith in  s u f f i c i e n t  prox imi ty  to the surface .  Concentrations o f  ex-  

t r a c t a b le  heat a t  depths less than three k i lometers  (about 9900 

f e e t )  may be considered an economic resource.  With the present  

technology and economic l i m i t s  imposed by the r e l a t i v e  cost o f  

s u b s t i tu te  f u e l s ,  d r i l l i n g  can be done p r o f i t a b l y  only  to a depth o f  

between 9 ,000  and 10,000 f e e t . ^

Geothermal areas where heat e x t ra c t io n  may be economically  

f e a s ib le  are  u s u a l ly ,  but not always,  c lo se ly  associated with  v o l ­

canic a c t i v i t y  and earthquakes.

The d i r e c t  output o f  any geothermal energy system is heat ,  nor­

mally contained in steam or  hot w ater .  I f  i t s  temperature level  is 

high enough, th is  heat can be used to d r iv e  a tu r b in e ,  or  some 

other  type o f  heat engine,  producing mechanical energy th a t  can be 

used to  generate e l e c t r i c i t y  or do o ther  useful  work.  At s im i la r  

or lower temperatures the heat can be used d i r e c t l y  f o r  space- 

heat ing ,  a i r - c o n d i t i o n i n g ,  d i s t i l l a t i o n  and chemical processes, and 

a mul t i tude  o f  o ther  uses. M u l t ip le  use systems, in which the high-  

temperature heat is used to generate e l e c t r i c i t y  and the rest  is 

used d i r e c t l y  as domestic or  in d u s t r ia l  heat ,  are p a r t i c u l a r l y  

a t t r a c t i ve.

29
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Because o f  the costs and i n e f f i c ie n c ie s  associated w i th  piping  

low-temperature steam over long d is tances,  the natura l  u n i t  s ize  o f  

a geothermal power p lan t  is smal l ,  the la rge s t  un i ts  operat ing are  

a t  Wairaker "B" s ta t io n  (New Zealand) being s in g le - f lo w  30 MW

machines running a t  1500 rpm with  an i n l e t  steam pressure o f  50 lb /

2 2 16 in and back pressure o f  0 .7^  l b / i n  .

In Taiwan, exp lo ra t ion  has centered a t  the Tatun volcanic  

complex a t  the northernmost end of the is land ,  where e xp lo ra t ion  be­

gan in 1965 and is s t i l l  in progress.  Th i r teen  fumarole (a crev ice

em it t in g  volcanic  vapors) and hot-springs areas occupy a region of  

2
over 50 Km . At one l o c a l i t y ,  the fumarole temperature reaches 

120°C.17

Explorat ion has included d e ta i le d  geologic mapping, geo- 

chemi.^ry,  and extensive geophysical surveying.  F i f t y - e i g h t  tem- 

pera tu re -g rad ien t  holes have been d r i l l e d , ^ 7 to a maximum o f  160 

meters.  Temperatures to 17^ C have been encountered and several  

holes produce very acid  steam. At least eleven holes have been 

d r i l l e d  to depths o f  300 to 1500 m, with  a maximum reported tem­

perature o f  293°C. Flow has var ied  up to 3500 kg /hr  o f  f l u i d . ^ 7

The National  Science Council o f  R.O.C. has completed the f i r s t

13exper imenta l - type  geothermal power p lant in October 1977. Pre­

sent generation is 700 KW. This is s u f f i c i e n t  to show th a t  R.O.C.  

has the a b i l i t y  o f  s e l f -d e s ig n  and technical  a p p l ic a t io n .  The 

Department o f  Energy o f  the U.S.A.  announced th a t  R.O.C. is the  

eleventh country in the world to begin using geothermal power.

The National  Science Council o f  R.O.C. has decided to bu i ld  a
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p r a c t ic a l  geothermal power p lan t  a t  I lam (a c i t y  in northeastern

Taiwan).  This p lant w i l l  provide 10,000 KW (10 MW) a f t e r  completion

13in 1980. I t  is expected th a t  during the f i r s t  year o f  operat ion  

t h is  p lan t  w i l l  produce 8 .77  x 107 KWhr o f  energy.  That is 10,000  

KW x 8766 hr  = 8 .77  x 107 KWhr, which is 0.26% o f  Taiwan's present

power use o f  3 .36  x 1 0 ^  KWhr.

8 .77  x 107 KWhr—  ------------ —---------- x 100-6 = 0.26%
3.36  x 1010 KWhr

and 0.21% o f  Taiwan's projected 1980 power use.

8 .77  x 107 KWhr x 100£ = Q 2 n  

k .1 5  x 10 KWhr

Taiwan's volcanic  mountains are found between Keelung Harbor

and the Tamsu.i. River in the nor th .  The whole area once was covered

by lava f lowing from conical  notches r i s in g  to 3000 f t  or more.^

There are an average o f  one hundred weak shocks or  more per day in

13Taiwan's eastern p a r ts .  These weak shocks are s u f f i c i e n t  to show 

th a t  " f r i c t i o n "  o f ten  happens underground between the eastern and 

western parts  o f  Taiwan, and i t  might produce substant ia l  heat  

energy.

I t  may appear surpr is ing  tha t  development has been slow and 

th a t  so many geothermal f i e l d s  are s t i l l  neglected in Taiwan. The 

reason is th a t  not a l l  geothermal f i e l d s  are necessar i ly  amenable 

to economic e x p l o i t a t i o n ,  and in order to determine whether a 

f i e l d  can be p r o f i t a b l y  put to use, i t  is necessary to expend f a i r l y  

formidable  sums o f  money in carry ing out e x p lo ra t io n .

Thus, the cost o f  geothermal exp lo ra t ion  may be regarded as
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" r i s k  c a p i t a l , "  such as is associated w i th  petroleum e x p lo ra t io n .  

But w i th  petroleum e x p lo r a t io n ,  i f  successfu l ,  the product can be 

shipped and sold a l l  over the world regardless o f  the locat ion  of  

the o i l  f i e l d .  In the case o f  successful  geothermal f i e l d ,  how­

eve r ,  the energy must be used e i t h e r  l o c a l l y  or w i t h in  a l im i te d  

radius.  The most probable market is e l e c t r i c i t y  supply.  But 

e l e c t r i c i t y  supply can be developed by conventional  means wi thout  

the need fo r  " r i s k  c a p i t a l . "  This is the main reason why, in T a i ­

wan, companies have always eager ly  engaged in d r i l l i n g  holes and 

w el ls  f o r  e xp lor ing  f o r  o i l  but not fo r  geothermal heat .  Another  

reason perhaps is th a t  the very acid steam l ib e r a t e d  a t  geothermal  

holes is severe ly  co rros ive  to the equipment components needed for  

the e x t r a c t io n  o f  the thermal energy.  The c a p i t a l  losses due to  

equipment replacement must a lso  be considered a f a c t o r  in the  

g re a te r  number o f  o i l  d r i l l i n g s  compared to  geothermal d r i l l i n g s .

The t o t a l  generation o f  energy in Taiwan in th is  year (1978)

KWhr. One gram o f  steam converted in to  water  a t  the same tem-

is est imated a t  about 3 .36  x 1 0 ^  KWhr; 10% o f  th is  is 3 .36  x 1Q9

perature  (say,  100°C) re leases about 5^0 c a lo r i e s  o f  heat ,  and 

_2
le a l  = 6 .98  x 10 wat t  minutes.  There fo re ,

3 .36  x 109 KWhr = 3 .36  x 1012 Whr x 6^ v ' ~  = 2 .0 2  x lO1** w at t  min.i h r

= 0 .535  x 10 gram o f  water  = 5 ,35  x 10 kg o f  water13 ,9

= 5 .3 5  X 109 Kg x
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Thus the production o f  10% o f  Taiwan's current  y ea r ly  energy 

needs by th is  method would require  convert ing 5-35 x 10^ m̂  o f  

water per year in to  steam. This is equ iva len t  to approximately  

600 m̂  per hour.

16I t  has been estimated th a t  i f  the p lanet  Earth were to be 

cooled through one degree cen t ig rade ,  enough heat would be released  

to keep the whole world supplied w i th  a l l  i t s  e l e c t r i c a l  power 

needs a t  the present leve l  f o r  some f o r t y  m i l l i o n  years .  However, 

the seismic and c l im a t ic  consequences o f  cool ing the Earth by one 

degree,  o r  even by one-hundredth o f  a degree could be d isastrous.
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V I .  USE OF THE SEA AS AN ENERGY SOURCE

S o l a r - e l e c t r i c  conversion systems consist  o f  d i r e c t  thermal  

system, photo vo l ta ic  system, wind system, ocean wave system, ocean 

t i d e  system and ocean thermal grad ient  system.

The temperature d i f f e r e n c e  between the sun heated upper layer

and the deeper cold water o f  the ocean can be used to power very

large heat engines.  So long as a sea water temperature d i f fe re n c e

of  a t  le a s t  15°C e x i s t s ,  i t  should be possible  to operate an ocean

18thermal grad ient  system.

A Solar  Sea Power P lant  (SSPP) located in the (F lo r id a )  Gulf  

Stream is shown in Figure  10. The warm surface waters are passed 

through heat exchangers which bo i l  a working f l u i d ,  such as ammonia, 

propane, or Ethylene Oxide, to d r ive  huge turbines coupled to gener­

a to rs .  The cold water pumped from the ocean depths is c i rc u la te d  

through heat exchangers to condense the working f l u i d .  The process 

r e l i e s  on heat engines operat ing  over a temperature d i f fe re n c e  o f  

about 40°F ( 2 2 ° C ) . 19

In order to meet the purpose o f  the expanded ocean study pro­

gram which was adopted by the 23rd General Assembly o f  the United 

20Nations,  Taiwan's two research vessels ,  "Ying Ming" and "Chin le in"  

have taken up e xp lo ra t io n  a c t i v i t i e s  in the surrounding ocean around 

Taiwan. These e x p lo ra t ions  have o b jec t iv es  of  b e n e f i t in g  d i r e c t l y  

the growth o f  the na t iona l  economy and o f  obta in ing  information  

required fo r  management and conservation o f  resources and f o r  making

34
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Figure 10. Solar  Sea Power P lant
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sound p o l i t i c a l ,  legal  and socioeconomic decis ions.

Six cru ises were c a r r ie d  out p r io r  to 1968—69 . The seventh 

cru ise  took place from September 10 to October 28,  1968. Forty  

hydrographic s ta t io n s  and f i f t y - n i n e  B.T.  s ta t ions  were occupied.

(A B.T.  s ta t io n  is a s ta t io n  where temperature vs.  depth measure­

ments are made wi th a bathytherm ograph . )  The i t i n e r a r y  o f  the 

cru ise  and pos i t ion  o f  s ta t io n s  are shown in Figure 11. The eighth  

cru ise  took place from A p r i l  12 to May 12, 1969- Forty hydrographic  

s ta t ions  and f i f t y - e i g h t  B.T.  s ta t io n s  were occupied.  The data 

obtained on the 7th and 8th c ru ise  are s im i la r  but the 7th cru ise  

extended over a la rg e r  geographical  region and, t h e r e fo r e ,  only  

cru ise  7 data are included in the ta b le  and charts  which fo l lo w .

The cross section o f  water temperatures fo r  the 7th c ru ise  are  

given in Figures 12 to 15.

23The d i s t r i b u t i o n  o f  dynamic height anomalies a t  sur face ,  50 

meters, 150 meters and 300 meters layer  fo r  the 7th c ru ise  are given 

in Figures 16 to 19-

The d i r e c t io n  o f  the current  f low is ind ica ted  and the v e lo c i t y  

can be measured w i th  the scale given in the f ig u r e s .

Because the maximum o f  the energy p o te n t ia l  o f  an SSPP system 

is d i r e c t l y  re la te d  to the magnitude o f  temperature d i f fe re n c e  in 

sea water and the distances and volume o f  water to be moved through 

the f a c i l i t y ,  a s i t e  f o r  the prototype f a c i l i t y  was sought where 

large  temperature gradients  are a v a i l a b l e .  The market fo r  fuel  or  

e l e c t r i c a l  power and by-products from power production must be near  

the p lant  f a c i l i t y  f o r  maximum economic b e n e f i t  to be derived from

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

Figure 11. S ta t io n  Locat ions o f  Seventh Cruise
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21Table 10. Oceanographic Observation Data

Observed

Sta t ion
Number Depth(m) Temp(°C)

S a l i n -  
i t y (%) °2(ML/L)

0 26.40 33.21 4.58
433 9.38 34.56 2.77
517 7.88 34.39 2.38
685 5.87 34.42 2.02
780 5.27 34.48 2.01
864 4 .90 34.50 2.02

0 27.00 34 .38 4.37
430 11-57 34.51 3.45
508 9.80 34.54 2.86
654 7.39 34 .34 2 .44
720 6.20 34.40 2.12
820 4 .37 34.43 2.08

1060 3 .40 34.50 1.88
1234 2 .88 34.63 2.02

0 28.80 33-57 4.15
336 12.05 34.72 3.34
421 10.13 34.60 3.02
506 8 .65 34.51 2.62
576 6 .35 34.60 2.34
738 5.53 34.50 2.08
846 4 .52 34.47 1.79

1016 3.73 34.58 1.81
0 28.50 33-98 4.12

425 10.27 34.27 3.21
555 7.86 34.20 2.65
600 7.20 34.21 2.35
700 6.05 34.27 2.11
850 4 .58 34.58 2.10

0 27.90 33.55 4.39
326 12.10 34.64 3.41
408 10.02 34.56 3.11
560 7.50 34.50 2.84
642 6.60 34.45 2.63
724 5.80 34.48 2.25
808 5.05 34.50 2.18

0 28.20 34.11 4.16
374 12,81 34.49 3,45
470 10.01 34.61 2,81
564 7.53 34.33 2.78

004 2 5 - 0 5 . ON 1 22 -2 7 .0E

011 2 3 - ^ 5 . ON 1 22 -1 5 .OE

012 2 3 - 4 5 - ON 121 -45 .OE

013 2 3 - 1 5 . ON 121 -4 5 .OE

014 2 2 - 4 4 . ON 121 -1 5 .OE

015 2 2 - 4 4 . ON 12 1 -4 5 .OE
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21Table 1 0 . ( c o n t . )  Oceanographic Observation Data

S ta t ion
Number La t i tude Longi tude

Observed

Depth(m) Temp(°C)
S a l in -  
i t y (%) °2 (M l /L )

654 6.64 34.40 2 .48
744 5.56 34.49 2 .40
936 4.40 34.56 2 .36

026 2 1 - 4 5 . ON 1 2 1 -1 5 .OE 0 26.80 34.60 4.37
384 11.61 34.61 3 .10
483 8.87 34.58 2.85
581 7.27 34.60 2.47
678 5.80 34.50 2.33
776 4.86 34.48 2.20

028 2 1 - 4 5 . ON 1 2 0 -1 5 .OE 0 28.10 34.09 4.33
250 12.73 34.61 3-30
374 10.16 34.67 3.20
466 8.81 34.67 2.73
560 7.88 34.61 2 .67
650 6.70 34.60 2 .54
746 5.91 34.60 2.20
937 4.66 34.55 2 .14

1134 3.50 34.50 2 .15
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F ig u re  12, Tem perature (°C ) S e c tio n , S ta tio n  1 -8

Sept 10—Oct "28 1968
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F igure  13. Tem perature (°C ) S e c tio n , S ta t io n  8 -12
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F igure  14. Tem perature (°C ) S e c tio n , S ta tio n  14-18
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F igure  15. Tem perature (°C ) S e c tio n , S ta tio n  22-30
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F igure  16. Kuroshio Sea S urface  C urren t Flow
(7th C ru is e )
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Figure 17- Kuroshio 50 M eter C urren t Flow
(7 th  C ru ise )
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F igure  18. Kuroshio 150 M eter C urren t Flow
(7 th  C ru ise)
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F igure  19. Kuroshio 300 M eter C urren t Flow
(7 th  C ru ise )
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the p la n t  operat ions.

From the data o f  Figures 11 through 20 and Table 10, S ta t ions  

12 or  14 appear to be the most s u i t a b le  s i te s  fo r  an SSPP f a c i l i t y  

fo r  the fo l low ing  reasons: (1) There are  maximum gradients  o f

water temperature and maximum d i f f e r e n c e  in water temperature w i th  

high volumes o f  water supply; (2) these s ta t ions  are  q u i te  near  

the shore; (3) these s ta t io n s  are  close to eastern Taiwan's biggest  

c i t y ,  Ta i tung ,  a ready market f o r  p lan t  products; (4) there  would 

be easy power t r a n s f e r .

The SSPP i n s t a l l a t i o n  costs are  high ($300 to $500 per KW) ^

and the maximum t h e o r e t ic a l  thermodynamic e f f i c i e n c y  is only  3-3%

18(actual  e f f i c i e n c y  only 2% or  even l e s s ) .  However, the SSPP "fue l  

(water temperature d i f fe r e n c e )  is f r e e  and endless.  T h e re fo re ,  th is  

method o f  energy e x t r a c t io n  from the sea is p o t e n t i a l l y  o f  immense 

economic value and economic i n t e r e s t .  Moreover, there  would be 

some by-products from th is  process such as fresh water and hydro­

gen. The e l e c t r i c a l  energy generated in th is  manner could be used 

in an e l e c t r o l y s i s  process to generate hydrogen gas. This hydrogen 

gas would be piped ashore as a fuel  to local  power s ta t io n s  or  

various in d u s t r ia l  o rg a n iza t io n s .  The hydrogen fuel  generated in 

th is  manner o f  course would have the g reat  v i r t u e  o f  being " s to ra b le  

w hi le  e l e c t r i c i t y  must in general  be considered non-s to rab le .  I t  

would a lso  be possible  to u t i l i z e  the s o la r  sea power p lan t  in a 

manner to produce steam fo r  e l e c t r i c a l  power production w h i le  a t  the 

same time producing fresh water  as a d e s i ra b le  by-product .
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V I I .  USE OF THE SOLAR POND AS AN ENERGY SOURCE

The NASA/ASTM standard value o f  the so lar  constant a t  the top

-2  19of  the e a r t h 's  atmosphere is 1353 Wm . (This value o f  the so lar  

constant,  is re fe r re d  to as the NASA/ASTM standard since i t  has been 

adopted as the design c r i t e r i o n  fo r  NASA space vehic les and has been 

issued as the engineering standard by the American Society o f  Test ­

ing and M a t e r i a l s ) .  Expressed in o ther  u n i ts ,  the value is:

1.9^0 cal  cm 2 min  ̂ = k23.2  Btu f t  2hr ^

= 125.7 W f t ' 2 

= 1 .8 l  hp m 2

The s o la r  constant denotes the in t e n s i t y  o f  so lar  rad ia t ion  

outs ide  the atmosphere, inc ident normally upon a u n i t  area in u n i t  

t ime.  There fo re ,  i f  there  were no atmosphere over the e a r t h ,  every  

square foot o f  the e a r t h 's  surface normal to the sun would receive  

125.7 w at ts .  But the exact value is much less than t h i s ,  and de­

pends upon the weather.  On days o f  c le a r  sunshine the in te n s i ty

energy..—  increases from zero a t  sunrise to a maximum at  so lar  noon 
area - t im e

and decreases to zero a t  sunset.  At any moment clouds may in te rcept

the sun l igh t  and decrease the in te n s i t y  to a low value,  that due to

the d i f f u s e  sky ra d ia t io n .  Thus, the y ea r ly  average incidence o f

so la r  energy in t e n s i t y  on the ground is d i f f e r e n t  a t  d i f f e r e n t  places.

-2  2kThis average value in the cont inenta l  U.S.  is 17 watts f t

U n fo r tu n a te ly ,  there  is no data about the so lar  ra d ia t ion  a t  

ground level  in Taiwan a t  hand. However, i t  is possible to compare 

i t  w i th  C a l i f o r n i a ,  because both the weather and the l a t i t u d e  in

k3
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Taiwan are s im i l a r  to C a l i f o r n i a .  In th is  manner a rough est imate

o f  the value o f  s o la r  r a d ia t io n  a t  ground level  in Taiwan may be

"2establ ished as approximately 2k wat t  f t  . (The average d i s t r i b u ­

t ion  o f  s o la r  energy in the United States is about 1450 Btu's per 

square foot per day, and in C a l i f o r n i a  2000 Btu 's per square foot  

per day.}

Btu Iday IWhr _ 2000 W _  W
f t^ -d a y  X 25Hr x 3 . 4 l 2  Btu 24x3.412 f t ^  2k f t 2"

W
I f  the average s o la r  energy incidence were 20 a typ ica l

2
re s id e n t ia l  roof area o f  1000 f t  would be exposed to an average o f  

approximately 20 KW o f  power; th is  is equ iva lent  to about 180 amperes 

in a 110 v o l t  c i r c u i t  P = IV = 180 x 100 = 19800W = 20 KW.

Many attempts have been made to u t i l i z e  the a v a i l a b le  s o la r  

power as a s u b s t i tu te  f o r  o ther  sources o f  power. The s o la r  pond is 

one o f  the systems which may be used to e x t r a c t  heat energy from the  

sun.

A s o la r  pond is a shal low body o f  water about one meter deep 

conta in ing dissolved s a l ts  to generate a s tab le  density  gradient  

( f resh water on top and denser s a l t  water a t  the bottom).  Part  o f  

the inc ident s o la r  ra d ia t io n  ente r ing  the pond surface is absorbed 

throughout the depth,  and the remainder which penetrates the pond is 

absorbed a t  the black bottom. The pond is i n i t i a l l y  f i l l e d  with  a 

s u f f i c i e n t l y  strong s a l t  concentrat ion grad ient to e l im in a te  convec­

t io n ,  Thermal expansion in the bottom lower layers  is thereby in s u f f  

Cient to d e s t a b i l i z e  the pond. Because o f  i t s  r e l a t i v e l y  low thermal

c o n d u c t iv i ty ,  the water acts  as an in s u la to r  and permits high temper-

26
atures (over 90°C) to develop in the bottom lay ers .  Energy can
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be ext rac ted  from the pond by recycl ing the water in the hot layers

o f  the pond through a heat exchanger.

Theoret ica l  analyses p re d ic t  and experimental  re su l ts  confirm

tha t  (1) the shal lower ponds heat up f a s t e r  but reach a lower ' ‘steady

26s ta te "  temperature.  (2) A f t e r  the i n i t i a l  warm-up per iod ,  fo r  a 

given e x t r a c t io n  temperature,  there  is a p a r t i c u l a r  value o f  the

26depth o f  the pond a t  which the ra te  o f  heat e x t ra c t io n  is a maximum. 

This means the optimum ra te  o f  energy withdrawal is equal to the 

ra d ia t io n  reaching the pond bottom per u n i t  t ime, and thus in th is  

case the pond is heated only by the r a d ia t io n  absorbed throughout i t s  

depth.  Figure 20 shows the th e o re t ic a l  optimum e x t r a c t io n  temperature  

as a function o f  the depth o f  the pond. (3) High temperatures close  

to b o i l in g  have been developed in the bottom o f  s o la r  ponds and sub­

s t a n t i a l  heat energy has been successfu l ly  ex t rac te d  from these

A 26ponds.

A p o te n t ia l  method o f  e x t ra c t in g  so lar  pond energy is by use

27of thermocouples. I f  a chromel-constantan thermocouple is arranged

in ty p ica l  s o la r  ponds w i th  one junc t ion  a t  the sur face  (assume 26°C)

and one ju n c t io n  a t  the bottom (assume 90°C) then the e lec tromot ive

force developed in the system would be 4 ,09  m i l l i v o l t s .  (That i s ,

28
5.646 mV -  1.556 mV = 4 .09  mV.)

*6 29Because the r e s i s t i v i t y  o f  constantan is 44.1 x 10 ohm-cm,

2
by using a constantan w ire  1 meter long and ircm in cross sectional  

area ,  the resis tance o f  the w ire  is 14 x 10 ^ ohm (R = p̂ -) . There­

fo r e ,  a s o la r  pond, using such a chromel-constantan thermocouple

-2
should develop 2 .92  amperes o f  c u r re n t ,  and develop 1.2 x 10 wat t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 20.  V a r ia t io n  o f  the Optimum Temperature  
w ith  the Depth o f  the Solar  Pond
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o f  power.

I  = ^-09 x 10~3V

R 1A x 10“ \ }
= 2 .92  amps.

P = IE = 2 .92  x 4090 x 10 - 6 1.2 x 10 -2 w a t t .

. One can increase the current  or decrease the resis tance  by 

using several  thermocouples in p a r a l l e l .  For example, w i th  100 

thermocouples in p a r a l l e l ,  the current  should increase to 292 amps, 

so the power would reach 1.2 w a t t ,  but u n fo r tu n ate ly  the po te n t ia l  

d i f fe r e n c e  would s t i l l  only  be about 4 m i l l i v o l t s .

I t  is ev ident  th a t  th is  is not a very p r a c t ic a l  method of con­

v e r t in g  s o la r  energy to e l e c t r i c a l  energy because o f  the low wattage  

output and the considerable  expense o f  such long thermocouples.

Also,  the high s a l i n i t y  o f  the s o la r  pond would be l i k e l y  to cause 

serious erosion o f  the thermocouple's metals.
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V I I I .  USE OF THE SOLAR CELL AS AN ENERGY SOURCE

One way o f  u t i l i z i n g  the energy o f  the sun is to generate e le c ­

t r i c i t y  d i r e c t l y  from s un l ight  by the photo vol ta ic  process. The 

photo vo l ta ic  e f f e c t  is defined as the generation o f  an e lectromotive  

force as a r e s u l t  o f  the absorption o f  ion iz ing  ra d ia t io n .  Energy 

conversion devices which are  used to convert sun l ight  to e l e c t r i c i t y  

by use o f  the photo vo l ta ic  e f f e c t  are c a l le d  so lar  c e l l s .

Most s o la r  c e l l s  are  composed o f  c r y s t a l l i n e  semi-conductors 

prepared to have s o l id  s ta te  c h a r a c t e r is t i c s  which promote separa­

t ion  o f  photoelectrons and a r e s u l ta n t  f low o f  e l e c t r i c i t y  in an 

attached externa l  c i r c u i t .

Figure 21 shows a conversion o f  photons o f  l i g h t  energy to 

d .c .  e l e c t r i c i t y .  The d .c .  e l e c t r i c i t y  can be used d i r e c t l y ,  or i t  

can be used i n d i r e c t l y  to charge b a t t e r i e s  or a c t iv a t e  some other  

type o f  energy -s tor ing  device.

Although some so la r  c e l l s  are  made from Cadmium s u l f id e  (CdS),

Cadmium t e l l u r i d e  (CdTe), ga l l ium  arsenide (GaAs), germanium (G e ) ,

and o ther  combinations,  the predominant basic materia l  is s i l i c o n

( S i ) .  The main incent ive  f o r  in v e s t ig a t in g  the use o f  GaAs, InP,

GaP, CdTe, and o ther  m a te r ia ls  as so la r  c e l l s  is to attempt to

achieve a h igher  e f f i c i e n c y  than is t h e o r e t i c a l l y  possible with  S i ,

and to perhaps achieve b e t t e r  power output and s t a b i l i t y  a t  high

operat ing temperatures.  Recently ,  a special  gal l ium aluminum a r -

30senide photo vo l ta ic  c e l l  w i th  16% e f f i c i e n c y  was reported.  How-

5h
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F ig u re  21. B as ic  S o la r  Power Supp ly (S o la r  C e l l )
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ever ,  i t  was very d i f f i c u l t  to prepare,  and is thought to cost 10-100  

times as much as the cost o f  a s i l i c o n  c e l l .

In genera l ,  i t  is not expected th a t  the e f f i c i e n c y  o f  photovol­

t a i c  energy conversion a t  ambient temperatures w i l l  ever  exceed 

24about 25%. The average e f f i c ie n c y  o f  present production s i l i c o n  

c e l l s  is 13-14%.

2
Assume th a t  20 W / f t  is received f o r  one year on a ty p ica l

2
re s id e n t ia l  roof  area  o f  1000 f t  . I f  th is  input sun l igh t  is con­

ver ted in to  e l e c t r i c i t y  w i th  10% e f f i c i e n c y ,  i t  would produce

17,532 KWhr o f  energy.  This e l e c t r i c a l  energy is more than twice

31
the average 7&91 KWhr U.S.  r e s id e n t ia l  usage in 1972. 

x 1000 f t 2 x 0.1 x 8766 hr = 17532 KWhr
f t Z

17,532 KWhr would provide the average amount o f  e l e c t r i c i t y  fo r

nine people in Taiwan th is  year ;  (1978)

33608 x 106 KWhr , „ , r ,— — --------  = 1975 KWhr/person17 x 10° persons y

17532 KWhr _ _
1975KWhr/person 9 Persons-

I t  would take about 70 square miles o f  so la r  c o l le c t o r s  to

provide fo r  a l l  o f  the consumption o f  e l e c t r i c i t y  in Taiwan (using
2

10% e f f i c ie n c y  s i l i c o n  c e l l s  under 20 W / f t  s u n l ig h t ) .

33608x109Whr 33608x109Whr ., , „7
2 ^ t x O . , x 8 7 6 6 h r  ‘  > 7 5 3 W h r / f t *  = ' 3 ' - 7 « 1 0

f r

1 mi2 n .2= 68 .7  mi
2.79x107f t 2

This is almost 0 .5  percent o f  Taiwan's land area .
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2
Hence, only  about 7 mi o f  land area  has to be covered by

s o la r  c e l l s  to generate 10% o f  Taiwan's e l e c t r i c i t y .

24Using the current  cost o f  s o la r  c e l l s  o f  approximately  $200 

2 2per f t  , 7 mi o f  s o la r  c e l l s  would cost about 400 b i l l i o n  d o l l a r s ,
2

which is a p r o h i b i t i v e  cost .  However, using the $1 per f t  cost
2

hoped fo r  perhaps in the next decade, the cost f o r  7 mi o f  so lar  

c e l l s  drops to approximate ly  200 m i l l i o n  d o l la r s  which may make 

th is  system p r a c t i c a l .
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IX. USE OF NUCLEAR ENERGY AS AN ENERGY SOURCE

The Taiwan Power Company e stab l ished  the Nucelar Power Re­

search Commission in 1955 to study the s u i t a b i l i t y  o f  nuclear power 

plants  fo r  a m u l t ip le  power source development program. Since 1964 

nuclear p lants  have been under in v es t ig a t io n  fo r  northern and south­

ern Taiwan in order  to supplement the e l e c t r i c a l  energy supplied to 

the two very large  c i t i e s  o f  Ta ipei  in the north and Kaohsiung in 

the south.

Three nuclear plans having 6 reactors  have been planned fo r  

Taiwan. The f i r s t  nuclear p lan t  is being constructed in northern  

Taiwan, w i th  one u n i t  o f  636 m i l l i o n  watts capaci ty  a lready  com­

p le ted ,  and a second u n i t  o f  the same capac i ty  which w i l l  begin 

operat ion in December o f  th is  year (1978).  A second p lant is under 

construct ion on the coast near the f i r s t  one and w i l l  have a capa­

c i t y  o f  1970 m i l l i o n  w at ts .  The f i r s t  u n i t  w i l l  go on l in e  in 

1981 and the second u n i t  in 1982, each a t  985 m i l l i o n  wat ts .  South­

ern Taiwan's f i r s t  nuclear p lan t  w i l l  have two uni ts  o f  951 m i l l i o n  

watts  each, one to begin generation in 1983 and the other  in 1984. 

(Table 11) 32

A f t e r  the s ix  reactors  are completed by 1985 , the year ly  genera­

t ion  w i l l  be 35,000  m i l l i o n  k i lo w a t t - h o u rs 3 and w i l l  replace consump­

t ion  o f  about 8 m i l l i o n  k i l o l i t e r s  o f  o i l  f u e l . 3 The to ta l  Taiwan 

energy generat ion in 1985 ( a l l  sources) is expected to  be 71,990 

m i l l i o n  k i lo w a t t  hours (see Table 8 ) .  T h ere fo re ,  the 19^5 energy

58
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Table 11. Current and Planned Nuclear  
Reactors fo r  Ta iwan^

1 tem
Capaci ty  

(MW) Type Reactor Suppl ie r Comment

Northern 1st 
Nuclear Plant  
(Unit  1)

636 Boi1i ng- 
Water

GE Company Generating

Northern 1st 
Nuclear Plant  
(Un it  2)

636 B oi1ing-  
Water

GE Company W i l l  go on 
1ine in 
December 1978

Northern 2nd 
Nuclear Plant  
(Un it  1)

985 Boi1i ng- 
Water

GE Company W i l l  go 
1ine in

on
1981

Northern 2nd 
Nuclear Plant  
(U n it  2)

985 Boi1ing-
w*. ..__no lci

GE Company W i l l  go 
1 : „l » 1 111

on
1982

Southern 1st 
Nuclear Plant  
(U n it  l )

951 Pressuri zed 
Water

Westinghouse W i l l  go 
1ine in

on
1984

Southern 1st  
Nuclear Plant  
(U n it  2)

951 Pressurized
Water

Westinghouse W i l l  go 
1ine in

on
1985

TOTAL 5144
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c o n tr ib u t io n  o f  nuclear reactors  should be

35,000 MKWhr =
71,990 MKWhr X 10°^ Wo

Thus the nuclear reactors should increase the percentage compo­

s i t i o n  o f  actua l  to t a l  power from the curren t  0.3% (see Table 12) 

to in 1985.

Taiwan bought uranium from America and South A f r ic a  f o r  s hor t -  

t ime usage, and has signed a contract  w i th  the Paraguay government 

to in v es t ig a te  and e x p l o i t  uranium mines in tha t  country."’ I t  is 

estimated tha t  about 1000 m etr ic  tons o f  uranium ore w i l l  be needed 

per year a f t e r  the three  nuclear plants  are completed in 1985•

The waste nuclear products w i l l  be stored in the nearby 

scat tered  islands u n t i l  the United States has solved the waste pro­

ducts problems. (Now, United States iaw p ro h ib i ts  the re-use o f  

waste uranium products because o f  concern f o r  nuclear weapon pro­

l i f e r a t i o n . )
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Table  12. Generating Method, Generation and 
Composite in Taiwan, 1977^

Generating Method Generation (M,KW-H) Compos i te  %

Hydro 3,999 13-5

Nuclear 91 0 .3

Thermal 25,63^ 86.2

TOTAL 29,724 100.0
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X . SUMMARY AND CONCLUSIONS 

The world populat ion is increasing ra p id ly  and by the year 2000 

i t  w i l l  have reached approximately 6000 m i l l i o n  people.  The e s t i -

12 26mated world energy demand in the year 2000 is 50 x 10 KWhr/year.

The e a r t h 's  m ater ia l  resources a re  not un l im ited  but f i n i t e .  Table

13 shows the u l t im a te  resources o f  energy from a l l  f o s s i1 - f u e l  de-

33posits  o f  the wor ld .  These resources w i l l  be exhausted a t  some 

fu tu re  point  in time -  which can be counted in decades fo r  o i l  and 

gas and hundreds o f  years fo r  coa l .  The inescapable fa c t  is tha t  

from now on energy resources w i l l  become increas ing ly  scarce and 

more expensive.  T here fo re ,  a l t e r n a t i v e  energy sources need to be 

developed which a t  f i r s t  can supplement the primary non-renewable 

energy resources and in the fu tu re  r ep l ace  them when they have been 

exhausted.

Taiwan's populat ion^ is 17 ,009 ,328  a t  the end o f  August, 1978.

I t  w i l l  have reached approximately  23 m i l l i o n  by the year 2000 (using 

a predicted^ y ea r ly  increase o f  1.5%).  The generation o f  energy w i l l  

have reached approximately ( t o t a l  power capac i ty )  422,000 MKWhr 

(assuming a y e a r ly  growth ra te  o f  12.6% based on Table 8 d a ta ) .

Since Taiwan is not r ich  in natura l  resources,  e f f o r t s  should be 

made to develop new energy sources to provide the minimum energy 

necessary to  mainta in  a s a t is f a c t o r y  l i f e .

Before answering the quest ion,  "Which one or  two methods of  

those discussed seem the most p r a c t ic a l  and economical to increase  

the energy a v a i l a b l e  to  Taiwan?" i t  is necessary to consider f i r s t

62
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Table 13. U l t im ate  Resources o f  Energy fo r  
A l l  Fossi l  Fuel Deposits o f  the W o r ld ^

1 tern
In hphr x 1014 In KWhr x 10 In BTU x 1017

maximum mini mum max i mum mi n imum maximum minimum

Coal 750 75 559.27 55.92 1908.75 190.87

Petroleum 
( I  iquid) 5 3 3.72 2.23 12.72 7.63

Natural
Gas 3 2 2.23 1.49 7.63 5.09

Oi 1 
Shale 12 2 8 .9  4 1.49 30.54 5-09

Tar 20 14.91 50.90

Peat 5 5 3.72 3.72 12.72 12.72

TOTAL 795
n
o7 592.79 64.85 2023.26 221.40
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the economic c r i t e r i a  as they r e la t e  to the various energy sources.  

Along with  costs and p r a c t i c a l i t y  one must also consider the environ  

mental c onst ra in ts .

The economic c r i t e r i a  concerning costs consists o f  (1) i n s t a l ­

l a t i o n  costs (c a p i ta l  costs)  and (2) power production costs ( f ixed  

charge costs,  f u e l - c y c le  costs,  operat ion and maintenance c o s ts ) .

Costs o f  wind p lant i n s t a l l a t i o n s  are expected to range from 

about $300 to $600 per k i lo w a t t  w i th  e l e c t r i c  energy costs ranging 

from 16 to 21 m i l l s  per KWhr.^  The cost o f  harnessing 500,000 k i l o  

watts  in t i d a l  power plants  is $100,000,000,  tha t  is equ iva lent  to 

$200 per k i l o w a t t .  The cost associated wi th a 110 MW natura l-steam  

power p lant is $4,165 ,600  fo r  i n s t a l l a t i o n  and the to t a l  energy cost  

is 3 .35  m i l l s  per K W h r w h i c h  is equiva lent to $37.8  per k i l o w a t t .  

SSPP i n s t a l l a t i o n  costs are est imated to be between $300 to $500 per

k i lo w a t t  and the cost o f  energy is expected to range from 5 to 10 

19m i l ls  per KWhr. S i l ic o n  s o la r  c e l l s  w i th  a t  leas t  a 10 percent  

conversion e f f i c ie n c y  fo r  sun l ight  are cu r re n t ly  very expensive to

f a b r i c a t e .  S i l i c o n  so lar  c e l l s  cost about $20 per peak w at t  fo r

35 35moderate q u a n t i t i e s  o f  c e l l s  or  $30 per peak w at t  fo r  an a r ray .

(A peak wat t  is defined as the maximum power output o f  an a r ray  a t

normal incidence to the sun in the Zenith a t  sea leve l  on a c le a r

day. A ty p ica l  maximum power output is approximately 100 m i l l i -

v o l ts  per cm . )  For a large power system, with  the devices placed

in a r ray s ,  power would cost more than $30,000 per i n s t a l l e d  peak

35k i lo w a t t  o f  e l e c t r i c a l  capac i ty .  Nuclear p lant i n s t a l l a t i o n

19costs are r is in g  above $500 per k i l o w a t t .  The cost o f  heating a
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so la r  pond is 1.1 cents per KWhr based upon a pond o f  140 m area.

By employing a large  pond (20 x the above area) to supply heat f o r

20 houses, the cost is reduced to 0.41 cents per KWhr, which is

26lower than the cost o f  heat ing by conventional  f u e ls .  Costs o f

natura l  gas during 1971 ranged from about 0 .85  m i l l s  to 3-4  m i l l s  

19per KWhr. Natural  crude o i l  ranged from about 1 .7  m i l l s  to 3-4  

19m i l ls  per KWhr. Estimates o f  the pr ice  o f  fuel  derived from 

pulpwood and chips range from about 3-9  m i l l s  to 4 .6  m i l l s  per KWhr
1 Q

in 1971. Coal and o i l  costs ranged from about 1 .7  m i l l s  to 3 .4

19m i l l s  per KWhr a t  th a t  t ime.

The comparative costs fo r  the construct ion o f  various types o f

26
e l e c t r i c  power plants  are shown in Figure 22.

The e l e c t r i c i t y  cost per KWhr versus the load f a c t o r  f o r  variou

26means o f  e l e c t r i c i t y  generation are shown in Figure 23.  The c a p i ­

t a l  cost component o f  energy Ge is ca lcu la ted  from the equation:

_ 103 R(pc) m i l l s  
8760L KWhr

where R is the t o t a l  f ix e d  charge ra te  per year ,  (pc) the plant  

c a p i ta l  investment cost ($/KW), and L the load fa c t o r  {%).

Although low wind speeds make windmil ls unsui tab le  energy 

sources fo r  Taiwan's coastal  pla ins  or te r race  tab le lan d s ,  wind­

m i l l s  might be f e a s ib le  fo r  the mountain regions because wind speed 

is d i r e c t l y  re la te d  to he ight ,  A general equation f o r  determining  

wind speed a t  a s p e c i f i c  height when the wind speed is known a t  a 

reference he ight  is given by^

Vx = VF ( £ ) ?
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Figure 22.  The R e la t iv e  I n s t a l l a t i o n  Costs 
o f  Various Energy Sources

I n s t a l l a t i o n  Cost
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Figure 23.  The R e la t iv e  Costs o f  Various Energy 
Sources Versus the Laod Factor

(Note: Load Factor = Average Power/Peak Power)
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where is the v e l o c i t y  a t  the desired he ight

Vp is the v e l o c i t y  a t  the reference height o f  30 fe e t

h is the he ight above ground

■J- is the estimated power law increase ,  the quant i ty  subst i tu ted

f o r  N depends on t e r r a i n  cond i t ions .  In open farm country

and level  f o r  s l i g h t l y  r o l l i n g  t e r r a i n ,  a fa c to r  o f  7 can

be su b st i tu ted  f o r  N. In level  and r o l l i n g  country wi th

numerous o b s t ru c t io n s ,  the fa c t o r  is about 5- An estimate

o f  3 is a p p ro p r ia te  f o r  c i t y  o u t s k i r t s  and near suburbs and

areas w i th  large  obs t ru c t io n s .

The c en t ra l  range o f  high mountains stre tches from north  to

south fo r  a dis tance o f  170 miles  and has a maximum width o f  50 mi les .

The area occupied is about h a l f  the is land .  Peaks r is e  to between

12,000 and 13,000  f e e t .

Taking h = i  (maximum mountain he ight )  = ? (13,000) = 6 ,500  f t .

H = S and V = 2 -  ,
1 F 5 1 

then Vx = 2 ( ^ p ) 5  = 2 x (217)5 = 2 x 3 = 6 |  = 13 . b ^  .

This wind speed is s u f f i c i e n t  fo r  i n s t a l l a t i o n  o f  a p r a c t ic a l  wind-  

generating system.

Moreover,  there  are  some abor ig ines people l i v i n g  an undeveloped 

l i f e  in Taiwan's mountains.  They have no t ra nspor ta t ion  and no e le c ­

t r i c i t y .  The Taiwan government might p r o f i t a b l y  i n s t a l l  w indmil ls  

in the mountain regions w i th  h igher  wind v e l o c i t i e s .  This would not 

only  solve the problem o f  t ra n s m i t t in g  e l e c t r i c i t y  from the hydro­

power p lan ts  or  nuclear  p lants  in the coastal  p la ins  te r race  t a b le ­

lands,  but a lso  l i f t  the standard o f  l i v i n g  f o r  the abor ig ines .
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Because the wind is f r e e ,  no charge fo r  the f u e l ,  i t  requires only  

a l i t t l e  money to i n s t a l l  ( c a p i t a l  costs)  and very l i t t l e  to operate  

(power production c o s ts ) ;  wind power costs the lea s t  and apparently  

benef i ts  the most.

The well-known English s c i e n t i s t ,  J. B. S. Haldane has voiced

36an odd warning about the use o f  t i d a l  energy.  In his opin ion,  the 

unl imited e x p lo i t a t io n  o f  t i d a l  energy w i l l  slow the r i s e  and f a l l  

o f  the t id e s ,  which in turn w i l l  ser ious ly  a f f e c t  the e a r t h ' s  r o t a ­

t io n .  As a r e s u l t ,  the days would become longer,  the moon would 

approach c lo ser  to the e a r th ,  and the end r e s u l t  would be the c a ta ­

clysmic dest ruct ion  o f  our p lan e t .  Haldane f igures  that i t  w i l l  

take about 36 m i l l i o n  years f o r  the earth  to be destroyed in th is  

way.

Whether his ideas are r ig h t  or  not,  ( the theory has not yet  

been w e l l - re c e iv e d  by most s c i e n t i s t s ) ,  a t  l eas t  i t  is no doubt 

t rue  th a t  developing t i d a l  power in Taiwan is not a s u i ta b le  method, 

although the energy o f  the t ide s  is enormous. The reasons are (1) 

costs,  and (2) land a v a i l a b i l i t y .

The f a c t  that t i d a l  energy is f re e  does not mean th a t  i t  w i l l

a u to m a t ica l ly  have a low u t i l i z i n g  cost .  A c t u a l ly ,  the i n s t a l l a ­

t ion  costs and the power production costs o f  a t i d a l  power plant  

are extremely high (see Figures 23 and 24 ) .

In order  to u t i l i z e  t i d a l  energy,  two things are  needed: (1)

a large mean d i f fe re n c e  between high and low t i d e ,  and (2) a shore­

l in e  o f  s u i ta b le  geography f o r  the establ ishment o f  one o r  two 

storage basins.  However, in Taiwan there are no natura l  dams or
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basins.  To construct such a f a c i l i t y  would be too expensive both in 

money and in v i t a l  land use. Taiwan's populat ion density  is the 

highest in the wor ld .  A g r ic u l tu r a l  land and re s id e n t ia l  land are  the 

big problems o f  Taiwan.

In Taiwan, w a t e r f a l l s  are short  and smal l ;  the water f low is 

too smal l ,  the head is too low f o r  p r a c t ic a l  energy e x t r a c t io n .

They have usefulness fo r  sfghlrseeing,  but not f o r  power generators .  

This is the reason th a t  there  are no h y d ro e le c t r ic  power plants  

using w a t e r f a l l s  in Taiwan.

Although Taiwan has few long and large streams, i t  a lso  has 

several  small streams which merge to form big r i v e r s ,  w ith  dams to 

hold the w ater ,  thereby generating power. So hydropower is an 

important power source in Taiwan's past ,  present,  and f u t u r e .  

Hydropower is one o f  the b e t t e r  sources o f  e l e c t r i c i t y .  | t  requires  

no mining,  processing,  t r a n s p o r ta t io n ,  or  burning o f  f u e l ,  In addi ­

t i o n ,  h y d ro e le c t r ic  plants  are  usual ly  par t  o f  la rg e r  developments 

involv ing nav ig a t io n ,  re c re a t io n ,  f i s h  and w i l d l i f e  management, 

water q u a l i t y  c o n t r o l ,  water supply,  f lood c o n t r o l ,  or i r r i g a t i o n .  

These features  combine to make h y d r o e l e c t r i c i t y  very cheap.

Even though Taiwan has vo lcan ic  areas a v a i l a b l e ,  i t s  develop­

ment o f  geothermal energy is too slow. A f t e r  the completion o f  

the f i r s t  p r a c t ic a l  geothermal power p lan t  a t  Man in 1980, i t  w iM  

only produce 0 . 2 % o f  Taiwan's to t a l  power. I t  is t r u e ,  however, 

tha t  to d r i l l  a hole or  wel l  reaching to several  hundred fe e t  in 

depth,  or  to several  thousand f e e t  in depth is expensive.  Geother­

mal power may not be p ra c t ic a l  f o r  a l l  o f  Taiwan but i t  c e r t a i n l y
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is d e s i rab le  f o r  the nor theastern p a r t  o f  Taiwan. The f i r s t  reason 

is th a t  very few power p lants  are located in nor theastern Taiwan,  

most o f  them are  located near Ta ipei  (a northern c i t y )  and 

Koohsiung (a southwestern c i t y ) .  Secondly,  p lenty  o f  geothermal  

sources are buried deep underground in northeastern  Taiwan.

In my op in ion ,  w i th  the dwindl ing o f  conventional  energy re ­

sources,  a r i s in g  popula t ion ,  and rapid technological  advancements,  

Taiwan should change the present energy conversion system. No 

doubt so la r  energy w i l l  play a prominent ro le  because o f  the f o l ­

lowing fa c ts :  ( l )  s o lar  energy is immense in q u a n t i t y ,  (2) so la r

energy is widely  a v a i l a b l e ,  (3) s o la r  energy is n o n -p o l lu t in g ,  and 

(A) s o la r  energy is f re e  f o r  the ta k in g .

Solar  r a d ia t io n  a t  the outer  l i m i t s  o f  the e a r t h 's  atmosphere

21has been estimated a t  about 5 .2  x 10^ Btu 's per year .  Even w i th  a

loss o f  about 5b percent o f  th is  energy a t  the e a r t h 's  sur face ,

(35 percent r e f l e c t e d ,  19 percent absorbed and r e - r a d i a t e d ) ,  the 

212 . b  x 10 Btu's per year absorbed a t  the e a r t h 's  surface have been

estimated a t  roughly 18,000  times the energy consumed in a l l  man-

25made devices used throughout the wor ld .

The widely  a v a i l a b l e  s o la r  energy uses consist  o f  heat ing and 

cool ing o f  b u i ld in g s ,  s o lar  thermal energy conversion,  p h oto vo l ta ic  

conversion,  biomass production and conversion,  wind energy conver­

sion and ocean thermal energy conversion.

Both the d i r e c t  form o f  so la r  energy and in d i r e c t  form o f  s o la r  

energy are operat ing  e n t i r e l y  wi thout fue l ,  since the o r i g i n a l  energy 

a l l  comes from the sun, needs no mining,  and no t ra n s p o r ta t io n .
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Hence, there  is no p o l lu t io n  or environmental  problems.

A so la r  pond, or  s o la r  c e l l ,  o r  l ig h t -e n e rg y  converte r can be 

designed to d e l i v e r  a c e r t a in  amount o f  power in the daytime. How­

ever ,  any so la r  system, to  be worthy,  should also be capable o f  

tak ing care o f  n ig h t - t im e  needs. In terms o f  e l e c t r i c a l  energy,  

th is  can be handled by changeable b a t t e r i e s .  Thus, a 24-hour ,  a l l ­

year-round system requires both the l ig h t -e n e rg y  converte r  and the 

energy -s to r ing  b a t te r y  system. Such a system can be combined into a 

complete ly s e l f - s u s t a i n i n g  and s e l f - m a in t a in in g ,  unattended i n s t a l ­

l a t i o n .

37Academic S in ica  o f  the Republic o f  China has estimated that  

2
a 160-km s o la r  c o l l e c t o r  w i l l  produce the e l e c t r i c i t y  equ iva lent  

to the t o t a l  energy generated by Tai-Power .  That is s im i l a r  to a 

"big o i l  mine." But u n l ik e  the o i l  mine i t  w i l l  not be exhausted 

w i th in  several  decades; so long as the sun e x i s t s ,  the energy is 

en d less .

37I t  has been est imated tha t  using less than 3 percent o f  

Taiwan's land area to i n s t a l l  so la r  c o l le c to rs  w i th  an 8% conver­

sion e f f i c i e n c y  would generate twice the present Taiwan y ear ly  con­

sumption o f  energy. I t  is equal to the energy produced by 48 m i l ­

l ion  k i l o l i t e r s  o f  o i l .  I f ,  by successful  development and tech­

nologica l  advancement the conversion e f f i c ie n c y  can be increased to 

20% or more, the r e s u l ta n t  energy derived would be g rea te r  than 

th a t  from a l l  o f  the " f o s s i l  mines" o f  Saudi Arabia .

Nuclear energy is one o f  the most d es i rab le  o f  the f e a s ib le  

energy options o f  Taiwan. Nuclear reactors may play a v i t a l  ro le
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in the fu t u re  o f  Taiwan fo r  the fo l low ing  reasons: (1) The power

needs o f  Taiwan are increasing r a p id ly .  (2) Taiwan lacks large  

f o s s i l  fuel  resources. (3) Nuclear reactor  fuel  is economically 

com pet i t ive  w i th  fo s s i l  f u e ls .  (A) Nuclear reac to r  operat ion is 

"c lean"  w i th  respect to the environment.

Because o f  the growth o f  industry  and the r i s i n g  standard of

l i v i n g ,  power needs have increased r a p id ly  in Taiwan. The average

y e a r ly  growth ra te  o f  e l e c t r i c a l  generation in Taiwan is approximately  

13-5%. Table 14 i l l u s t r a t e s  the y ea r ly  percentage monetary growth 

ra te  fo r  manufactured products f o r  p r in c ip a l  Taiwan manufacturing 

industr ies  during the years 1976 and 1977 .

The y e a r ly  Taiwan e l e c t r i c  generation and growth ra te  fo r  each

year during the past ten years (1968-1977) are  shown in Table 15-^

Taiwan has inadequate f o s s i l  fuel  resources to meet i ts  cur­

rent  energy c r i s i s  so most o f  the fuel  supplies need to be imported.  

Because o f  the in d u s t r i a l  development dependence on o i l ,  i f  the o i l  

p r ic e  r ises  or  i f  there  is a shortage o f  supply,  i t  w i l l  hamper 

Taiwan's economic development.  An increased construct ion ra te  o f  

nuc lear  reactors  is a f e a s i b l e  way o f  reducing Taiwan's dependence 

on fore ign  energy sources.

Nuclear power has a considerable  v i r t u e  in th a t  nuclear fuel  

requires on ly  a small f r a c t i o n  o f  the mass and volume o f  fo s s i l  

fu e ls  to produce the same q u a n t i ty  o f  e l e c t r i c a l  energy. For 

example, one pound o f  uranium the s ize  o f  a g o l f  b a l l  has the same

p o te n t ia l  energy as n e ar ly  3 x 10^ pounds o f  coal ;  i . e . ,  about 25

38 6r a i l r o a d  cars f u l l  o f  c o a l ,  or  as near ly  2 .3  x 10 pounds o f
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Table 14. Percentage Annual Monetary Growth Rate 
fo r  Manufactured Products During the Years 

o f  1976 and 1977 fo r  Taiwan Industr ies

1976 19 77

Paper 18.5* 5.9%

Chemi cals 20.7 6 .7

Petroleum Products 40.5 39.1

Basic Metals 30.1 14.6

Metal 1ic Products 28.0 13.3

Mach i nery 27.8 11.6

E l e c t r i c a l  Apparatus 45.2 20.3

Transportat ion  Equipment 0.3 19-6

Foods 15.4 8 .0

T e x t i l e s 18.1 9 .0

Wood Products 30.0 12.8

Nonmetal l i e  Mineral  Products 21.6 26.4

Rubber Products 27-3 4 .6
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Table 15- Annual E le c t r i c a l  Generation and E l e c t r i c a l  
Growth Rate in Taiwan fo r  Each Year During the 

Past Ten Years (1968-1977)"*

Year Generation (MKWhr) Growth Rate (%)

1968 9.802 16.5

1969 11,119 13.4

1970 13,213 18.8

1971 15,171 14.8

1972 17,449 15.0

1973 19,805 13.5

1974 20,534 3-7

1975 22,894 11.5

1976 26.877 17.4

1977 29,724 10.6

1968 -  1977 Average Year ly  Growth Rate 13.5%.
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petroleum. That means th a t  a very small nuclear  source can pro­

duce a tremendous amount o f  power. Also,  i t  is easy to t ranspor t  

as i t  does not need large o i l - s h i p s  or  tankers.  The nuclear  gener­

a t ion  o f  1.25 x 1 0 ^  KWhr in the United S t a t e s ^  in 1974 may be 

used as an i l l u s t r a t i o n .  This amount o f  nuclear energy was 7-9% 

of the to t a l  energy generation and was e qu iva len t  to 185 x 10^ b a r r e ls  

of  expensive o i l  or  45 x 10^ tons o f  coal a t  a cost o f  approximately  

800 mi 11 ion d o l l a r s .

Typical  fo s s i l  fuel  power plants  w i l l  produce 20000 tons o f  SO2 

and o ther  waste products y ea r ly  and these are  spread in to  the a i r ,

ear th  and water .  But the same s ize  nuclear power p lan t  only produces

32720 lbs.  o f  waste products,  and the waste products are  under s t r i c t

c o n t ro l .  These nuclear  wastes are handled c a r e f u l l y  and not al lowed

to spread in to  a i r  or  water c a r e le s s ly .

In nuclear power development the f i s s io n a b le  elements used most

o f ten  are uranium and plutonium. The s t a t i s t i c s  imply t h a t  uranium

32resources w i l l  run out a t  the end o f  th is  century.  The use o f
2  *2 C

uranium ( o~U) to fuel  nuclear  reactors  in Taiwan must be considered

a shor t - te rm  replacement o f  coal and o i l  f u e ls .  Although Taiwan does

not have resources o f  uranium, i t  does have resources o f  thorium.

Therefore ,  Taiwan needs to develop technology f o r  u t i l i z i n g  thorium

fo r  reactors to serve i t s  fu t u re  needs.

232The thorium atom ( ggTh) is not r e a d i ly  f i s s i o n a b l e .  But on

absorption o f  a neutron,  however, i t  undergoes changes leading to

233 233the formation o f  an isotope o f  the element uranium ( U ) , U

232is f i s s io n a b le .  This process is c a l le d  breeding,  and Th is said
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to be f e r t i l e .  The nonf ission capture o f  neutrons by a f e r t i l e  

?32
Th nucleus re s u l ts  in a ser ies  o f  reactions  culminat ing in f i s ­

s ionable 233U as fo l low s33

>  + ” oTh ---------------------- *  290Th +

>   ► >  *-?*
233p a ______________  233d + o

91 >  92u - 1 e

where hv = gamma and_^e = beta.

The fo l low ing  conclusions are ind ica ted:

Tida l  Energy

I t  is not fe a s ib le  to use t i d a l  power plants  in Taiwan because

(1) the i n s t a l l a t i o n  costs are too high,  (2) the reservo irs  needed

are  too la rg e ,  and (3) no natura l  dams or basins e x is t  in Taiwan.  

W a te r fa l l  Energy

A l l  w a t e r f a l l s  in Taiwan are too small and too short to s a t i s f y  

the e l e c t r i c a l  power generation demands. However, i f  hy d ro e le c t r ic  

power p lan ts  are in s t a l l e d  by the r iv e rs  which c o l l e c t  several  small 

streams, the power developed could make an appreciab le  c ontr ibu­

t io n  to Taiwan's needs. Furthermore,  water power is very cheap.

Wind Power Energy

In order  to ra ise  the standard of  l i v i n g  fo r  the aborigines

th a t  l i v e  on the mountain,  Taiwan should e s ta b l is h  wind power plants

th ere ,  because the wind speed is higher than a t  the ground l e v e l .  

Moreover, i t  is a step toward a goal o f  energy s e l f - s u f f i c i e n c y  for  

Ta ?wan.

Geothermal Energy

By b u i ld in g  geothermal energy plants  a t  the volcanic  area or
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earthquake zone, some o f  Taiwan's problems o f  e l e c t r i c a l  d i s t r i b u ­

t io n  could be reduced because the e l e c t r i c  power plants  are f a r  

away from th is  northeastern  area .

Ocean Thermal Energy

Development o f  energy plants  to u t i l i z e  the ocean thermal 

grad ient  seems h igh ly  d e s i ra b le  to help to o f f s e t  the diminishing  

suppl ies  and increased pr ices  o f  imported fo s s i l  f u e l s .  S ta t ion  

14 (see Figure 11) which is located on the eastern coast o f  Taiwan 

and very close to Tai-Tung c i t y  is the most s u i t a b le  s i t e  f o r  a 

Solar  Sea Power P lant  f a c i l i t y .

So lar  Energy

Solar  energy should stand out as an inexhaustable a l t e r n a t i v e  

energy source,  i f  i t  can be harnessed without economic c o n s t ra in t .

In Taiwan's southmost p a r t ,  there  is a large land area with  a high 

concentrat ion o f  s a l i n i t y  making i t  useless f o r  farming. But the 

sun l ig h t  there  is in tense,  so t h is  is the best place to locate  a 

s o la r  energy p la n t .  Taiwan should begin to e s tab l is h  p i l o t  plant  

s o la r  c e l l  operat ion  in th is  area to gain experience with  the tech­

nology w hi le  w a i t in g  f o r  lowering costs to make a large scale system 

f e a s i b l e .

Nuclear Energy

Nuclear energy has been the b r ig h t  hope o f  the fu tu re  to pick

up the e l e c t r i c  power generation load from the fo s s i l  f u e ls .  The

232element thorium ( Th) a natura l  resource o f  Taiwan, provides the 

g re a te s t  encouragement as the nuclear  power p la n t  fuel  source of  

the fu t u r e .  Not only should Taiwan make increased use o f  uranium
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fueled reactors to meet the increased energy demands o f  the present,  

but Taiwan should a lso pursue development o f  reactors which w i l l  

u t i l i z e  thorium to meet i t s  fu tu re  energy needs.
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