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ABSTRACT feasibility of tapping geothernal resources
- for heating, it is necessary first to analyse
The building area of Tianjin Port Residential the operating conditions of the exi sting
.District is about 600,000 square netres, which heating system and then examine the four
has been heated using fuel oil in winter for schemes of geothermal heating systems wth
the past ten years and 13000 tons of fuel oil peaki ng | oad and ' make techni co-econoni c
is used in every winter. But, the price of anal ysis- and conparisons so as to provide
fuel oil is high in China. The heating system design engineers with information.
is not econom cal. ’
Si nce t he area is rich in geot her mal ) THE EXI STI NG HEATI NG SYSTEMS
resources, this paper analyses the existing - ) :
heati ng systens and proposes reasonabl e The residential district consists of three
geot hermal space heating paranmeters when it is sub-districts. In Table 1 are the heating
used in place of fuel oil. Proper peaking buil ding area, the capacity of boilers in each
scheme nust be chosen in order to raise the sub-district. The saturated steam (800 kPa)
utilization efficiency of geothermal energy. generated by fuel oil boilers, heats the
So,this paper also describes the technical- circul ating water to 85°C  through heat
econom ¢ anal ysis anmong four kinds of peaking exchangers. The return water tenperature is
schemes —fuel oil boiler, .electric heat punp, 62°C and the room tenperature is usually
the combination of fuel oil with heat punp and 20°C or so.
‘turbin-driven heat punp. The results show that .
under t he present t echni cal - econoni c Table 1 The heating data of the
conditions the system wusing part of t he existing, systens
exi sting fuel oi | boil ers as.  peakiNg ;e a e e
equi prent  will be the least in investment, District Heatin The Capacity of O Used
simpl e and reliable in oper ati on. The : Area (nt} Boilor (kW (Tons/yr)
alterative peaking schenme is the conbination e
of electric heat punp and fuel oil boiler. Gangqu 85500 16700 2238. 7
This schenme is also superior to that of wusing Bi nhai 156900 20900 4108. 3
fuel oil alone. Dongqu 248700 34800 6512.0
Now. a geothermal space heating system is Tot al 491100 72400 12859.0
under construction in accordance Wwth this  —ececacaacacocmaeeanna . - —————————————

study on the area.
Such heating systems consunme |arge amounts of
oil. The heating cost is high, about 518.8
I NTRODUCTI ON yuan/ 10°KJ, which is three tines higher  than
that of coal boiler heating systens.
The Tianjin Port Residential District is ’

situated on the Bohai Bay. The heati ng According to the nmeasured data the average
building area in wnter is 600,000 square wat er tenperature going in and out of the
metres and will come to 900,000 square netres radiators in heating roons is 735 °C  The
in the year 2000. Fuel oil boilers are now the heating |oad per unit heating building area is
heating -source: The circulating water in the 81.4 Wn?f . The geothermal heating system nust
heating systemis heated to 85°C and then sent satisfy these requirenments.

to the users. Such heating systems have been
put to operation for years. Wth the expansion

of the building area these systens have not THE GEOTHERMAL SPACE HEATI NG SYSTEM
been able to nmeet the ‘increasing need. This is :
reflected in the high consumption of oil, low The utilization of geothermal energy for
capacity of boilers and poor quality of heating depends nmminly on its econony.
heating.  Besides, —air pollution is very Considering the local condifions, we use
serious in that district. : direct geothermal space heating node for the
: feasibility study. Once the geothermal well is
Fuel oil is not plentiful and its price is conpl et ed, t he factor affecting t he
high in China. It is an export comodity which feasibility of the geothernal heating system
can be sold to gain foreign exchange. Besides, is the feasibility of the heating system on
consuming large amounts of oil is contrary to t he ground. Here the four schenes of
our state energy policy. It is therefore an geothermal heating systems with peaking |oad
‘urgent matter to find substitute - for the . wll be exanm ned one by one.

heating energy.
' The heat punp is technically possible in
There is abundant |ow tenperature geothernal Chi na, but not economically conpetitive in

water resourses under the Bohai Bay. The ‘many cases on application. \Whether the heat
information from the two conpleted wells shows punmp can be used in geothermal space heating
that the tenperature of the water at the depth systens, and whether it is superior to oil
of 800 netres is about 80°C.- It is a .good boil er heating systrms remmin to be studied.

"heating ener gy source. To st udy t he The following analysis is an attenpt.
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For the sake of convenience, the geothermnal . ki | oad
wat er with flow rate of 80 Tpns/hr and . F—— peaking | oa
tenperature of 78 °C serves as thé basis for (17.8%

boilers enters the heat exchanger and provides R Sy H (days)
peaking load to raise the tenperature of W 80 120 I160 =

circulating water. The circulating water first

di scussi ons. =8 [=] geot hermal | oad
) - . - (82.2% .
1. The Heating Schene with Boil er-peaki-hg Load 0
The geot her nmal space heating system wth 4.
boil er-peaking load is shown in Fig.l. The .
existing oil boilers can be used as peaking 81" 0
boilers. . The saturated steam produced by 12' . 1
16

flows through the original indoor heating E(°C)

" system and then enters the reconstruct ed
i ndoor heati ng system  which has nor e Fig.2 The accunul ated heating |oad
radi ators. Such an arrangenent can reduce the
tenperature of the discharged geothernmal water The geothermal heating systemwth electric
wi t hout refitting all the indoor heating heat punp peaking load is shown in Fig.3.
system Because of the wuse of heat punps t he

tenperature of the discharged geothernal water
can be reduced without refitting the indoor
heating system The results of calcul ation of
the geothermal heating paraneters are shown in

——— Tabl e 3.
refitted |
peaki ng :
boi | er m—-@—-——-
exchenger II
drainage
pump
Fig.l The heating system with
oil boiler peaking |oad
. dr ai nage
According to reference the geothermal space
heating parameters with oil boiler peaking
load can be got by the mathematical model of -
the optimum parameters of geothermal space Fig.3 The heating systemwth heat
heating system i.e. punp peaking | oad
peaking temperature 95 °C Table 3 The calculating results of the heating
di scharged water tenperature 43 °C systemwith electric heat punp peaking |oad
transition ~ tenperature 1 °C et —— e A
peaking days : 98 days No. of heat punps 1 2 3 4 total
heating building area 65,000 M = s=mmme e e e m e
the increment of radiators 1.5 times condensation tenp. 72 78 84 90
evaperating tenp. 20 30 40 50
Table 2 includes the design heating load and coP 3.28 3.47 3.53 3.81
| he proportions of peaking load and geothermal power (kW 369 345 336 314 1360
| oad upon the total heating |oad -under design heating |oad (kW 1210 1190 1180 1160 4740
condi t.ions. ) . heating buiding area (mf} 58400
heating |oad per year ((kd/yr) 6. 26x10
Table 2 The calculating results under = = —cccamm e e e e e e e r s — e
design heating conditions The unit of temperature is centigrade.
total heating load (kW 53000 .
heating building area (nf) 65000 3. The Heating Scheme with Combination Peaking
peaking load (kW . 27000 Load of Ol Boilers and Electric Heat Pumps
geothermal load (kW 26000
. geot her mal 49% The peaking |oad by combining heat pumps with
proportions * boilers can not only save electric pov-jer, but
: Speaking 51% also reduce the temperature of di scharged
————————————————————————————————————————— geothermal water below 30°C during most of the
time in heating period to satisfy the
The calculation shows that under the design requirement for the di scharged wat er
conditions the proportion of geothernal | oad temperature. :
to peaking load is about 1:1, while the :
proportion of the accunulated load is 4.8:1. The system is shown in Fig.4. During the non-
The geothermal well supplies much of the frigid weat her - in heating peri od only
heati ng | oad. The accumnul ated | oad diagramis geot her mal water supplies the heating |oad;
shown in Fig. 2. during colder weather heat pumps are started ;
and during frigid weather oil boilers are
added jointly. The heating parameters -are
2. The Heating Scheme with Electric Heat listed in Table 4.

Punjo Peaking Load
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steam generated by the existing steam boilers

L should be used to drive turbins to start the
- conpressi ve heat punp as t he peaki ng
i i “equipment. This scheme may be feasible. The
peaking boiler gl system is the sane as Fig.3 except for the
pump ! repl acement of nmotor driven heat punps by
heat { [, turbin driven ones. The results of t he
| calculation are listed in Table 5.
l?I[El
Table 5 The calculating results of the
turbin-driven heat punp schene
I No. of heat punps 1 2 3 4
drai nage condens?_ti on . t EFTD-( ( OC)C) ;8 :7)’8 78 78
evaperating tenp.(° 40 50
geot her nal coP 2.66 3.41 4.29 5.78
heat punp power (kW 476 351 266 578
: design heating load (kW 9340
Fig.4 The geothermal heating systemwith heating building area (int) 114700
conmbi nati on peaking |oad acummul ated heating load (kJ/yr) 8. 19x10
Table 4 The calculating results of the
conbi nati on peaking schene THE ECONOM C ANALYSI S AND COMPARI SONS
———————————————————————————————————————————— OF THE FOUR SCHEMES
condensation tenperature (°Q) 78.0
evaporating tenperature (°C 30.0 Table 6 shows the newy increased t ot al
corP 3.53 investment, cost and heating parameters of the
heat punp power (kW 1016. 27 four schemes. Conpared with the boiler heating
accunul ated heating load (kJ/yr) 8. 58x10 system , the geothermal heating systems wll
geothermal |oad (kJ/yr) 6. 32x10 pay nore investnent but |ess operating cost.
boi l er (kd/yr) 1. 45x10 To find which one is feasible, the four
peaki ng | oad geot her mal space heating system schenes are
. heat punp (kJ/yr) 0. 81x10 conpared with the oil boiler heating system
heavy oil consumed (tons/yr) A442. 6 so as to carry out the numbers of recovery
____________________________________________ years. See al so Table 6.
Fig. 5 shows the proportions of the two kinds CONCLUSI ONS AND SUGGESTI ONS
of peaking load upon the total heating | oad. .
It can be seen from the figure that the use of 1. There is abundant geot her nal wat er
combi ning ‘heat punps with boilers can avoid ~under ground in Tianjin Port Resi dent i al
bearing the maxi num design heating l|oad by District. The distance to transport the water
heat punp and reduce greatly its capacity and is short, and the investment in the heating
the consunption of electric power. The design pi pe network is small. Conpared with the oil
of the system can be nore reasonable, and the boi l er heating system the geothermal heating
geothermal wutilization efficiency is raised. ststem has advantages of low cost, hi gh
economi ¢ gains and no air pollution as caused
g by the smoke enmitted from oil boilers.
16.8
- 121 @c boi | er peaki ng ) ) )
8 9.47 2. If the indoor heating systemis not to be
7 FEE el ectric power refitted, that is,not to increase the nunber
_4‘1 e of rlaldigtors, t he peakLng eqlt:iprrelnt (;mst Ee
installed. To increase the peaking load is the
0¥ Eeothemal effective means to raise the geot her mal
' utlization efficiency and expand geothernal
4 space heating building area. o
81 3. If only the existing oil boilers are used
as peaki ng equi prment, the cost of geothernal
124 heating systemw |l be the |owest, the number
T T H (days) of recovery years smallest, and the operation
16 0 40 80 120 160 sinmple and reliable. This is the best schene,
’ o but the reduction of the discharged geothermal
't (°0 wat er temperature is |inited.
Fig.5 Heating |oad proportion diagram
4. For the peaking scheme of combining electric
4. The Heating Scheme with Turbin-driven Heat heat punps with oil boilers the <cost and
Punp. Peaki ng Load nunber of recovery year are only second to the
) uni que oil boiler peaking scheme. This schenme
As electric power is limted in t he is the alternative. It can not only reduce the
residential district, it is thought that the tenperature of the discharged geothermal water
Table 6 Conparative results of the four geothermal space heating schemes
peaki ng scheme boi | er el ectric heat punp conbi nation steam turbin-driven
design supply tenmp.(°C) 95.0 85.0 90.0 84.0
design drainage tenp.fC ) 43.0 30.0 30.0 30.0
accunmul ated heating |oad
every year (kJ/yr) 6.919x10 6.262x10 8. 583x10 8. 195x10
heating building area (nf) 65000 58400 102700 114700
net investment (RVB yuan) 712200 1739000 2223000 2909000
yearly income (RVB yuan/yr) 990700 896700 1229200 1173500
production cost (RVB yuan/IO*kJ) 52,5 139.8 119.3 182.6
recovery years (yr) 1.0 51 3.9 12. 4



Yang and WAng

but al so expand heating building area. It is

proposed that this scheme be carried out on a
small scale to accunul ate experience so as to

improve the technique of producing and using
heat punps for geothermal space heating in
Chi na.

5. It is suggested that the experinment on
reinjection of -~geothermal water be nmade to
prolong the life of geothermal fields.
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