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ABSTRACT

Four p i l o t binary cycle p l a n t s have
been set up in China since 1970, The
material presented here d iscusses t h e
Progress and problems e x i s t e d in binary
c y c l e research in China, thermodynamic
c y c l e , s e l e c t i o n of working f l u i d , des ign
of heat exchanger, design of turbine,
material and chemical cons idera t ions
are included. It can be expected that
binary c y c l e make great c o n t r i b u t i o n
t o t h e geothermal cause of China.

INTRODUCTION

In s p i t e of geothermal water8 have
been used in China f o r over years
and d e f i n i n g geothermal water that
above in the n o r t h and above 25°C in
t h e s o u t h , n e a r l y spr ings have been
i d e n t i f i e d ,covering all of

,m u n i c i p a l i t i e s and
reg ions , but t o research and explore
s e r i o u s l y geothermal. a
renewable energy w a s jus t a thing began in
1970. U p t o now the progress still
r a t h e r rudimentory and i t is hard t o
e s t i m a t e how much p o t e n t i a l geothermal
energy can be exploi ted in China. In over
30 geothermal anomaly a r e a s covering 14
prov inces , m u n i c i p a l i t i e s and autonomous
r e g i o n s , over explorat ion wells whose
t o t a l depth reaches 80, 000 m were d r i l l e d ,
most ly shallow ones. Downhole geofluid
temgeratures of most w e l l s were less than

C .The highest temperature encountered
w a s 170°C at depth of 130 in
T i b e t . I n Province, 145

encountered at depth of 12 In
and Guangdong Province, temperatures

of some wells were just more than
Primary result of explorat ion shows t h a t
most of geothermal. f i e lds i n China are of
low-grade energy sources.

China began t o research steam flash
c y c l e and binary cyc le in 1970 f o r u t i l i -
zing these low-grade energy sources f o r
genera t ion . Binary c y c l e has many advan-
tages over steam f lash cyc le , such much
higher s p e c f i c output , good a b i l i t y t o

..

exp lo i t low-grade energy sources , f a i r l y
compact smaller size of
p i p e l i n e , the whole expansion process of

operated in dry condi t ion , no drop-
le t erosion, confining chemical problems
t o t h e heat exchanger alone, easy t o re-
i n j e c t -e t c . So it can n o t be denied that
the future of binary c y c l e is more bri l-
l i a n t than f l a sh cyc le in e x p l o i t i n g
low-grade energy sources. T h i s paper

introduces binary c y c l e research
China,

GENERAL DESCRIPTION

The Huailai P i l o t Binary P l a n t is
l o c a t e d i n Huailai County, Hobei Province
about N-W of Peking. Ear ly in Feb.
1971, the of
Minis t ry of E l e c t r i c Power, the research
I n s t i t u t e of E l e c t r i c Construct ion e t al.
were in charge of s e t t i n g up the p i l o t
p lan t . By the time th r ee wells had been
d r i l l e d with t o t a l m a s s flow r a t e of 210

average temperature of well
of 2-12", average depth of

79 m. equipments were remade o f second
hand, except deep w e l l pumps and an evapo-
r a t o r . The p l a n t w a s commissioned in
1971 and experiments and redesigning
equipments have been done o r made s i n c e
then. The p l a n t is rated at KW, with a
maximum output of 285 The sum t o t a l of
operat ion are up t o 30,000 with the
longes t per iod of Waste geofluid
w a s used f o r multi-purpose u t i l i z a t i o n
such greenhouse, bathing, sanitorium.

Wentang is loca ted i n t h e west of
J i a n g x i Province, about 21 km of
City. One w e l l had been d r i l l e d with
depth of m , temperature o f m a s s
flow rate of 80-100 t /h before t h e p l a n t
planning. Wentang P i l o t Binary P l a n t rated
at 50 w a s completed in 1971,
almost same time Huailai, by
Hydrogeology Team, T i a n j i n Univers i ty e t

The i n t e r e s t i n g th ing tha t n e i t h e r
deep w e l l pump nor cool ing water pump
necessary. Both geothermal water and
cool ing water flow by themselves. Some
experiments and redesigning equipments
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P l a n t name
Generating d a t e

Zhou

Wentang Fengshun Xiongyue
1971 Sep. 1971 April 1977 May 1978

have been done o r made during the
years. Waste geofluid w a s also f o r m u l t i -
purpose u t i l i z a t i o n .

Fengshun is loca ted in the N-E of
Province, about 70 of Shantou

City. No 1 of a steam t u r b i n e had
been there. NO 2 u n i t o f is a
b i n a r y c y c l e type rated at KW. It w a s
completed i n Apr i l by
Renewable Energy Research
Academy of Sciences of China. Geothermal
water from w e l l s is flow rate
of 240 without deep wel l pumps.

Xiongyue P i l o t Binary P l a n t is l o c a-
ted in about 64 f r o m

City. Two w e l l s had d r i l l e d
wi th flow rate of 120 tempera-
ture of 8 0 ° C . The w a s commisioned in
May 1978 rated at

p i l o t binary p l a n t s are given in table
The design s p e c i f i c a t i o n s f o r f o u r

CYCLE
AND

SELECTION OF WORKING

Since t h e temperature of geothermal

Table 1. S p e c i f i c a t i o n s f o r f o u r p i l o t

were very low, no o t h e r c y c l e could
be selected except simple Ranking cycle
f o r these f o u r p i l o t p lan ts .

p r o p e r t i e s of over t en o r
fluorocarbons had been compared. Then
e t h y l ch lor ide , n-butane, iso- butane,

were tested.

, t r a n s p o r t o t h e r

To s e l e c t e t h y l c h l o r i d e a working
f l u i d due t o higher s p e c i f i c output ,
l e s s power consumption by cool ing water
pump and working f l u i d pump. The operat ion
experience Huai la i showed t h a t w a s
r e a l l y done, but bad corrosion induced
when the water contained in e thyl
c h l o r i d e f l u i d . Since no s imple and econo-

way could be found t o remove t h e
water e f f e c t i v e l y from e t h y l ch lor ide ,
e t h y l c h l o r i d e w a s s u b s t i t u t e d by n-butane
in Huailai . Ethyl ch lor ide corrosion
be mentioned later in d e t a i l .

The result t e s t e d i n H u a i l a i showed
n-butane w a s cheap, non-corrosive, although
with less s p e c f i c output , h igher power
consumption o f working f l u i d pump than
e thy l ch lor ide . This is why n-butane is

binary p l a n t s

Rated capac i ty
Speed ,
Secondary working f lu id

W.F. inlet pressure
W.F. inlet
W.F. exhaust pressure
W exhaust temperature
W.F. m a s s flow r a t e

Geothermal f l u i d data:
Inlet pressure
Inlet temperature
Outlet temperature
Mass f low rate

C.W. inlet temperature
C.W. o u t l e t temperature

er data:

Impulse,

Axial-flow.
200

Ethyl c h l o r i d e

55 "c

43.4 t /h

85°C
55°C
163 t /h

15°C
C

1-stage, Impulse,
Radial- inflow,
geared
50 200

3,000 rpm
rpm

Ethyl c h l o r i d e

Axial-flow

30
12 t/h

58 C
120 t / h

HFSTST

27

74°C

45
4.2 bar

26.2 t / h

N.A.

52 C
134 t / h

LGSTST
23°C

Impulse ,
Axial-f low.

100
rpm

F-11/n-but

3 bar
6.3"C
1 bar

43 t /h

80"C
57°C

t /h

BPFCST

1 7 ° C
mass flow 890 t /h t / h 439 t /h

W.F. = Working f l u i d ; C.W. =Cooling water; Not a v a i l a b l e ; = Shell-and tube,
surface type; Helical- fin shell- and- tube, s u r f a c e type; LGSTST
groove shell- and- tube, s u r f a c e type; BPFCST condenser, sur face type.
Two secondary working f l u i d s mean both tested d i f f e r e n t time.
The data in Huai la i is f o r e thy l chlor ide. The data in Xiongyue is f o r
A n axial- flow impulse t u r b i n e and a s p i r a l- p l a t e condenser were i n i t i a l l y used in Wentang,
they were s u b s t i t u t e d afterwards.

2



277

in now.

Iso-butane is used in Fengshun.
s p e c i f i c ou tpu t is n o t high as n-butane,
power consumption of working f l u i d pump is
higher than n-butane.

The advantage of F-11 F-113 a
w o r k i n g f l u i d is safety. S p e c i f i c output
of and are higher than n-butane
and roughly same as n-butane respec t ive ly .
Power consumption of working f l u i d pump of

and are less than n-butane.
Expensive i n China, uns tab le at tempera-
t u r e much above corrosion induced
t o over 2 water contained in fluid are
t h e disadvantage of F-1 1 and F-113.

Other cyc les such as
c y c l e s u p e r c r i t i c a l cyc le , d i r e c t con tac t
c y c l e will be s tud ied t h e n e a r f u t u r e
i n China. To f i n d a more idea l working
f l u i d is s t i l l a study task.

HEAT AND CONDENSER

Simple s h e l l and tube heat exchangers
were used p i l o t binary p l a n t s i n e a r l y
stage. Because heat exchangers represen ted
about 20 of t h e conversion system c o s t
and organ ic heat t r a n s f e r c o e f f i c i e n t s
were v e r y low, so that at tempts were made
t o improve heat exchanger.

Brazed-plate- fin hea t exchanger,
s p i r a l - p l a t e h e a t exchanger, he l ica l- fin
s h e l l and tube condenser, long i tud ina l-
groove shel l and tube condenser and d i r ec t
h e a t exchanger were t e s t ed .

a l l o y- p l a te-f in heat exchangers were
made up of a stack of layers, with each
l a y e r c o n s i s t i n g of a s t r a i g h t corrugated
f in between f la t a l l o y s h e e t s sea led o f f
on two s i d e s by channels t o form one
passage f o r t h e flow of f l u i d . The type of

evapora tor is a compact l ightweight
r e v e r s i n g u n i t wi th up t o

of t o t a l heat t r a n s f e r sur face p e r cubic
meter o f heat exchanger It could
be designed f o r pressure up t o 40 bar. The
disadvantages of t h i s u n i t a r e big f r i c -
t i o n , only used t h e condi t ion where no
s c a l e d e p o s i t s s i n c e i t is hard t o c lean

m a i n t a i n . For tuna te ly the geofluid in
clean t h a t no s c a l e could be

found. The over- al l heat t r a n s f e r coef f i-
c i e n t is 1,050 - 1,400 It is still
used in Huai la i .

h e a t exchanger used in an

S p i r a l- p l a t e hea t exchangers used in
Fengshun and as an evaporator and
condenser r e s p e c t i v e l y are made from a
p a i r of m i l d steel p l a t e s r o l l e d t o pro-
vided two r e l a t i v e l y long rec tangula r
passages working f l u i d and brine o r
c o o l i n g water in countercurrent flow. The

p a t h e l imina tes and

accompanying pressure drop
di f fe ren t ia l- expans ion problems. Scale

d e p o s i t could be removed by chemical
The design of unit is compact,

f o r example, 166 of hea t transfer
i n a unit of 1.3 m dia.

and 4.6 m height with 39 l o n g path i n
the evaporator of Fengshun. It could be
designed up t o 12 bar abs. f o r pressure
and I ,170 f o r over- a l l heat t r a n s f e r

which is t o the
ion datum.

Helical-fin shell and tube condenser
and s h e l l and tube
condenser are used in Wentang and Fengshun
respec t ive ly . The former over- al l hea t
t r a n s f e r c o e f f i c i e n t is 1,628 -2,617

value, t h e la t ter is about
1,860 Direc t h e a t exchanger w a s
tested Huai la i . Bad cor ros ion happend,
water d r o p l e t contaminated t h e
f l u i d and working fluid loss w a s made by
its p a r t i a l s o l u b i l i t y i n geofluid. Soon
t h e unit w a s dismantled.

t a s k t h e f u t u r e .
To improve hea t exchanger is still a

TURBINE

Turbine used i n Huai la i w a s i n i t i a l l y
an old, ready t o be scrapped, s ix- stage,
impulse steam turbine. It a t
750 turned 6,500 rpm and geared i n t o
genera tor with 1,500 rpm. remaking it ,
t h e first t h r e e s t a g e s had t o be removed,
t u r b i n e changed its r o t a t i o n speed t o

the were redesigned
in o r d e r t o reequip i t an organic tur-
bine. The disadvantage of us ing reequiped
turb ine is low i n t e r n a l e f f i c i e n c y , only
65 - 68

Instead of t h e o l d a x i a l flow
t u r b i n e , a s i n g l e s t a g e , c a n t i l i v e r s h a f t

Figure 1. Simplified s e c t i o n a l view of
radial- inflow t u r b i n e in
went ang.
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ion
Well Number

Zhou

Huai la i Wentang Xiongyue
2 No. 11 1

radia l- inf lqw turbine made by Jiangxi
Hydrogeology Team e t al. installed

May It is simple, cheap,
i n t e r a l e f f i c iency , mainly made by

m i l d machine of t h e type
used f o r low grade appl ica t ions . ( F i g 1)
Most s p e c i a l i s t s th ink it may be
b e t t e r t o use radia l- inf low t u r b i n e than
t o use a x i a l f low t u r b i n e i n small
c i t y , low grade energy app l ica t ions .

a n a l y s i s of l i q u i d s from
w e l l s in four p l a n t s is shown t a b l e 2.
Corrosion and s c a l i n g can u s u a l l y be
t o l e r a t e d i n these f o u r p lan t s . The

used i n equipment very
such mild steel, copper, aluminium etc,
T h i s may be the advantage of us ing
b ina ry cycle. In t h e condi t ion e t h y l
c h l o r i d e as a working f l u i d , corros ion
happend, in the

heat exchanger and
h o t well of condenser i n Huailai . Brass
u s u a l l y s a t i s f a c t o r y , mild steel is worse,
aluminium could n o t be t o l e r a t e d f o r

could be found. One
was t ha t air leaked during t h e u n i t
s h u t o f f , the o t h e r that chemical
r e a c t i o n happened between e t h y l c h l o r i d e
and remaining water. The chemical equation
can be shown as below.

+ +
Fe + +

+ +
2Al + +

+ + 3HCl
The of should be

avoided, and the water content of t h e
e t h y l ch lo r ide should be confined lower
than 10 according t o the experience.

OPERATION EXPERIENCE

gases ex is ted e t h y l
c h l o r i d e cycle. It raised t h e exhaust
p ressure and decreased t h e output. Chroma-
tography showed some impur i t i e s ex i s ted in
e t h y l ch lor ide  f lu id ,  mainly methyl

In order t o keep the operation data,
removing the gases was

Some minor improvements solved
th i s

ECONOMIC FACTOR3

Average c o s t of t h e four p i l o t p l a n t s
two t o t h r e e times

figure f o r a same capac i ty of a
power s t a t i o n per KW. High c o s t resu l t ed
from added research expenses and bad
management. The average c o s t of electri-
c i t y was about 66

t o the c o s t of same capac i ty
thermal power S p e c i a l i s t s estima-
ted that the c a p i t a l cos t could be
decreased t o 8 and t h e c o s t of
e l e c t r i c i t y t o 40 if no
resea rch expenses added and management
improved. waste geofluid could be
used f o r purpose u t i l i z a t i o n . The
c o s t of e l e c t r i c i t y from b ina ry cycle
p l a n t s is c l e a r l y much less than 40

CONCLUSION

i n t e r n a t i o n a l interchange, Chinese spec ia-
lists independetly engaged binary cyc le
experiments. E i t h e r in design and manufac-
t u r e of turbine and heat exchanger o r in
s e l e c t i o n of material and working f l u i d
c e r t a i n progress been gained. Although
compared w i t h advanced count r i es c e r t a i n
gap still e x i s t s . In spi te o f i t is n o t
satisfied economical due t o low tempe-
rature of geothermal water , The author
th inks t h a t binary cyc les not can be done
t e c h n i c a l l y but can be in
economical i f temperature of geof luid is
over 120 It may be b e t t e r to use
binary c y c l e i n Yangbajing geothermal
f i e l d , Tibet. The s p e c i f i c out put of
17.2 f o r b r i n e at dryness
of 10.9 be done, double over
t h e s i n g l e f l a s h cyc le used i n
now. Moreover, some t e c n i c a l t roub les such

1970, in the condi t ion no

Table 2:
Chemical analysis of l i q u i d from wells at Wentang, and

4



can be expected
improve. This w i l l be discussed o t h e r
paper.

The research progress of binary
gained t h e p a s t ten years in China
bound t o make g rea t con t r ibu t ions t o t h e
geothermal and waste hea t u t i l i z a t i o n
cause of China, along with improvement of
economical management, going a s t e p
f u r t h e r in raising t h e l e v e l of geothermal
e x p l o r a t i o n , evaluat ion, e x p l o i t a t i o n ,
promoting interchange.
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