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ABSTRACT

T h i e paper t h e advantagee, t he c u r r e n t l y
used e c a l e a e well a e the l e v e l f o r geothermal hea t ing
under the circumetancee i n China. The u t i l i z a t i o n
of low temperature geothermal cl imate condi t ione i n
Chineee c i t i e e , and the main f a c t o r e of impact on
ueable temperature drop and t h e i r valuee for r e fe rence
are analyeed. Taking t h e due l l ing area., North , of
T i a n j i n Atheletic an
between two hea t eupply pro jec te of low temperature
geothermal and coal-burning b o i l e r f o r t h e i r i n i t i a l
inveetment and annual production coe t made.
F i n a l l y , t h e paper the geothermal grad ien t
ex ten t i n which e x p l o i t low tempera-
t u r e geothermal i n Chineee c i t i e e .

INTRODUCTION

The western P a c i f i c t e c t o n i c a c t i v e zone goee through
eae te rn part of China. The whole China, p a r t i c u l a r l y

eae te rn p a r t , are g r e a t l y a f f e c t e d by the P a c i f i c
P la te , thue there geothermal w i t h

temperature under i n a reae of China. Of
t h e p lacee where underetand b e t t e r , there a r e euch

l i k e Be i j ing and T i a n j i n , North China, t h e

Penineula , t h e Bay, well t h e region
of and

For many y e a r e , placee along t h e Bay euch
Yingkou, Anehan and Xingcheng have exp lo i t ed
and u t i l i z e d geothermal water of for hea t ing
and h o t epr ing treatment of

The i n geothermal temperature
rather g r e a t i n t h e North China reg ion , there
however , already coneiderable s c a l e i n the u t i l i z a t i o n
of euch a

The Songl iao P la in of China and North China 
P l a i n have been placee where i n China are
f l o u r i e h i n g , c i t y a r e maeeing t o g e t h e r ,
and t h e rather long period for win te r hea t ing
There a b r i g h t prospect i n e x p l o i t i n g and u t i l i z i n g
geothermal f o r t h e hea t ing of l i v i n g
quar te re .

The geothermal temperature ecope of ueage.
Even i n municipal where geothermal reeourcee
are comparatively theee can hardly
provide more than of the t o t a l energy demand.
S t i l l , they con t r ibu te t o a g r e a t e x t e n t t h e improve-
ment of atmoepheric p o l l u t i o n of t he d u e l l i n g quar te re
of t h e c i t i e e .

The large- ecale e x p l o i t a t i o n of geothermal
w i l l r e q u i r e coneiderable amount of inveetment. An
ana lye ie should be made on t h e techn ica l and economic
p o e e i b i l i t i e e and have i t compared w i t h the d i e t r i c t
hea t ing eupplied by coal-burning b o i l e r s that a r e
genera l ly i n i n China. Such comparieion
provide a i n making inveetment

ADVANTAGES OF GEOTHERMAL DISTRICT HEATING

F u l l and r a t i o n a l u t i l i z a t i o n of n a t u r a l reeourcee
may be obtained. u t i l i z i n g t h e low temperature
geothermal water of than for hea t ing i n
place of f u e l e w i t h chemical energy of h igher
t h e of energy which may be traneformed i n t o
power w i l l be g r e a t l y reduced, and there w i l l be t h e
leaet i n exergy.

Reducing the a i r po l lu t ion of t he type of c o a l
b e t t e r i n g the q u a l i t y of urban environment.

A eaving i n fue le .

l i v i n g level of t h e people. Ae no f u e l e
are requ i red w i t h geothermal hea t eupply, t h e hea t ing
eeaeon may i n correepondence w i t h t h e requirement
of human physiology, prolonging the heat-eupply
eeaeon. Meanwhile, domeetic hot water can be

a l l the year round.

The e x p l o i t a t i o n of geothermal hae t h e
of per iod t h a n . t h e cone t ruc t ion of coa l mining, and
g e t t i n g b e n e f i c i a l e f f e c t r e a d i l y .

CONDITION SPACE HEATING

Scope of geothermal energy a l ready u t i l i z e d i n var ioue
d i e t r i c t e i n China ehown i n Table 1.

t h e geothermal epace hea t ing combined w i t h

t h e domeetic hot water. Geothermal water w i t h a low

temperature of ueual ly employed i n l i v i n g ,
or i n i n d u e t r i a l and a g r i c u l t u r a l production. Such

a r e much more t han thoee l i e t e d i n Table 1.

A t p r e s e n t , t h e epace hea t ing i n China from geothermal
mainly t h e hea t ing equipment o r i g i n a l l y
t a l l e d . The geothermal water flowe d i r e c t l y i n t o the
hea t ing eyetem and h e a t from the r a d i a t o r e .
Upon diecharge, t h e water temperature drope by

Area of epace heat ing
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there no peaking equipment, t h e

rate of u t i l i z a t i o n comparatively low. The
A r t i n the Eaet- city D i e t r i c t of Bei j ing may
be taken a t y p i c a l example of geothermal water
for hea t ing . The cone t ruc t ion of t h e well completed
i n September w i t h a depth of 1299 The
c a p a c i t y o f t h e water drawn t o 36
w i t h wellhead temperature a t The a rea

,on which there are 8 bui ld ings . I n
a d d i t i o n , there a eupply o f domeetic hot water
f o r i n p u b l i c ba th , e t c .

number o f of the geothermal epace hea t ing
i n c r e a s i n g yea re , t h e corros ion of eyeteme

a c u t e and being tackled. Peaking
have i n e t a l l e d . Heat made o f

or t i t an ium plate have been eet up i n a few
eyeteme, and t h i s aggravate6 the inveetment
ab ly .

CLIMATIC CONDITIONS

There are only a few odd eouth of t h e

River i n China where win te r hea t ing
p l a c e s nor th of t h e Yangtze River r equ i r e epace

hea t ing . S t i l l , t h e l eng th o f the heat ing eeaeon and
the f a c t o r o f annual u t i l i z a t i o n ehould be taken i n t o
cone ide ra t ion i n developing geothermal water t h e

purpoee of heat ing. I n the way by
a table of Heating Degree drawn

up and c a l c u l a t e d by the monthly averaged temperature.

Table 2 H.D.D. of Cit iee of China

Region Changchun Huhehot Xi-ning Shenyang
5056 4663 4451 4 1 4 5

Luda Be i j ing Tian j in Xi-an

3271

Annual quan t i ty o f geothermal energy t o be u t i l i z e d
for epace hea t ing :

.

are i n e t a l l e d , the u t i l i z a t i o n e f f i c i e n c y may
at

bui ld ing6 under conetruct ion preeent do
have domeetic hot water euppliee. The gradual

ehould be taken i n t o coneidera t ion he rea f t e r .
The eupply o f hot water i e a year-round load ,
thue the u t i l i z a t i o n e f f i c i ency would be
ing ly increased. I f a hot water f a u c e t and a
are i n e t a l l e d i n each t h e u t i l i z a t i o n e f f i -
ciency may be by about 15%.

USABLE TEMPERATURE DROP OF GEOTHERMAL

There a g r e a t d i f f e rence between the u t i l i z a t i o n
of low temperature geothermal hea t ing and t h e t radi-
t i o n a l hea t ing eyetem. I n the l a t t e r water

t o the b o i l e r a f t e r d i ee ipa t ion of heat i n
t h e r a d i a t o r e . The heat no t I n
the geothermal hea t ing , however , t h e hea t
of ueed ho t water gene ra l ly thrown away. Thue it

neceeeary t o equeeze the lae t drop of temperature.
S t i l l , t he degree of temperature drop governed
by t h e p a t t e r n of r a d i a t i n g equipment and technical
and economic fac to re .

Taking f o r example t h e frequent ly i n
China, i f t h e temperature of t h e diecharged water

around it economically
by eet imat ion.

When low temperature geothermal water f o r
winter hea t ing through ordinary r a d i a t i n g equipment,
there a l i m i t i n the u t i l i z a t i o n of
drop . I f i t intended t o inc reaee the u t i l i z a t i o n
up t o t h e neighbourhood of ambient temperature , it

neceeeary t o adopt the heat pump eyetem. Owing
t o t h e teneion i n the supply of e l e c t r i c i t y i n China
at preeent and t h e high coet of e l e c t r i c i t y , i t
d i f f i c u l t t o extend the uee of electr ic heat pumpe.
May be it t o d r ive the heat d i r e c t l y
by i n t e r n a l combuetion engine8 or eteam and
u t i l i z e the heat from t h e eteam.
An ana lye i e on t h e t echn ica l and economic p o e e i b i l i t i e e
ehould be made before the adoption o f any euch plane.
In chooeing t h e plan of u t i l i z a t i o n , the t o t a l
bene f i t from the of i n i t i a l inveetment
t i o n and production ehould be taken i n t o
de ra t ion . Therefore the loweet l i m i t i n t h e u t i l i z a t i o n
of temperature drop might not be the plan t o
be Each ob jec t t o be choatn with the a c t u a l
e i t u a t i o n i n view, and then e e l e c t bet ter and more
e f f e c t i v e plan.

METHOD OF COMPARISON

1. Conditione f o r comparieon

of heat rrupply from both are iden-
t i c a l .

where

volume
CAT-temperature drop u t i l i z e d in hea t ing

capac i ty . C
f a c t o r according t o

i n

c a l c u l a t i n g temperature
For making a rough i t recommended t h a t

be t h e geothermal u t i l i z a t i o n e f f i-
ciency. To he igh ten u t i l i z a t i o n e f f i c i e n c y , i t
neceeeary t o equ ip peaking b o i l e r e . The capaci ty o f

by I n making one t h i r d

of the heat demand ray be ueed the capaci ty o f
t h e peaking and the u t i l i z a t i o n e f f i c i ency
may be by Thue when peaking b o i l e r e

selected from the

I I

two p r o j e c t s f o r d i e t r i c t hea t ing



With a view t o s impl i fy ing c a l c u l a t i o n , i d e n t i c a l iteme
are neg lec ted i n making comparieone of i n i t i a l inveet-
mente. It may be from Fig. 1 t h a t by diepatching

t o t h e l o c a t i o n of the b o i l e r p lan t a0
p a r t of heat the o r i g i n a l network of pipe

l i n e e and the pipe l i n e e a r e
the whilet the a d d i t i o n a l inveetment for eupply
of more r a d i a t i n g equipment wi th in the bu i ld ing due
t o the low temperature of geothermal water t o be
considered.

2. Method of c a l c u l a t i o n

Compare two f o r t h e i r i n i t i a l ,
y e a r l y of production and examining t h e number
of yeare requ i red f o r the inveetment d i f fe rence .

A LIVING EXAMPLE

1. Ground Conditione

Table Load f o r Dwelling

1 area w i t h hea t eupply 663,000
2 c a l c u l a t i n g temperature 'C

3 Indoor temperature 18 ,

Peak load i n epace hea t ing

5 of i n epace hea t ing

6 Accumulated degree-hour f o r
hea t ing 2,233

7 Annual load for epace h e a t i n g 385,680
Annual load for h o t
water 225,319

The dwell ing a r e a nor th of t h e Athlet ic

253

Wang

i n t h e part of City.
adjacent t o the Water Park where there are b e a u t i f u l

eurroundinge well communication
It loca ted i n the p r e v a i l i n g wind of the c i t y and

an ideal place for dwell ing, where new of
l i v i n g q u a r t e r e are being b u i l t now. See Fig.2.

2. Heating Supply from Geothermal

A t a d i s t ance eouth of the dwelling area, t h e r e
e x i e t e a geothermal anomaly with an area of about

where t h e geothermal grad ien t
t o the opinion of t h e geo log ica l department,

the adopted depth of the well l e t o be the
leng th of the pipe l i n e e t o be 8 and t h e geo-
thermal grad ien t t o be c a l c u l a t e d a t 5

On of the u t i l i z a t i o n p r o j e c t

A better pro jec t t o be ee lec ted where t h e
inveetment and production are loweet. It

aece r t a ined the i n j e c t i o n temperature of
temperature of water euppl ied t o t h e

t o r e , temperature of r e t u r n water, diameter
of The var ioue are l i s t e d
i n Table 4.

3. Explanation f o r making comparieone i n t h e

The inveetment includee the fol lowing
b o i l e r p lan te -- hour; well d r i l l i n g
-- t i t an ium plate -- tranemieeion
pipe floor. The annual
production of c o e t r for f u e l , water,
e l e c t r i c a l power, wagee , deprec ia t ion charge., overhaul

F i g

0

5
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and

I

Table 4.. Between two Heat Supply Pro jec t e

I

Consumption of coal

Boiler p lan t
production and i n j e c t i o n

Coal saved

exchanger and pump

Radiat ing equipment

To ta l
Balabce

Annual production coe t
Balance

of (pay o f f )

Item

Geoth. Boi ler Geoth.Bo i l e r

5,315 58,88435,430 .

53,569

2.355 8.120 355
10.80
3 4.040

7.28 1 8.280
7 .40 9.61 7.400 9.610

33.555 16.610 35.085
. '7.475 .

2 4
1.607

21.2

and management. The c o s t of coa l i n b o i l e r hea t ing
c o n e t i t u t e s o f the t o t a l production coe t . The

heat v a l u e of coa l is and p r i c e

t o the ca lcu la t ione by e x p e r t s , the
rece ived the reduct ion of a i r po l lu t ion by ueing
geothermal energy of coa l i n hea t ing are
h i g h . But kind of c a l c u l a t i o n not accepted
by most of t h e a t preeent .

The compreheneive r e p o r t on ehould
deal w i t h economic b e n e f i t s , and the i n f l u-
ence on environment. F a i l u r e t o any one of
there items w i l l render the study unapplicable. The
above a n a l y e i e only the economic aepect .

NEARBY EXPLOITATION

For those geothermal wel le from which t h e average
d i e t a n c e o f water tranemieeion doee no t exceed
for p l a c e s where e x p l o i t a t i o n of geothermal may be
ob ta ined from wells, and where are d i f f e r e n t
amounts of y a e r f o r repayment of the d i f f e rence i n
capital inveetment , the geothermal ehown
in Fig. 3. I n Fig. 3, t h e i n d i c a t e s t h e

h e a t i n g without eupplying s a n i t a r y ho t water.

CONCLUSION

If requ i r ed t o repay within yea re for t he inveet-
i n geothermal heat ing bigger than t h e investment

i n hea t ing by b o i l e r p l a n t e , it is no t p rac t i cab le
i n d i e t r i c t e where the geothermal g r a d i e n t

There q u i t e a b ig d i f f e rence i n economic bene f i t
t o whether the re a load f o r t h e eupply of

domeetic hot water. If the re only a load f o r epace
hea t ing , it impracticable i n d i s t r i c t s where t h e

geothermal g rad ien t .

I n d i e t r i c t e where t h e geothermal g rad ien t is equal
t o , the ecomomic from heat eupply
by geothermal and from b o i l e r  p l a n t s  are iden-
t i c a l . Should, however, there be a load f o r t h e supply
o f domeetic hot water well, t h e p r o j e c t for
o f would be more supe r io r than the p r o j e c t
of b o i l e r p l an t s .
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