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This article deals with a heating system which

#ilises heat pumps for bringing the heat from the

{ischarged water up to a higher temperature level.
Tere appears to be a great future ahead for the
ise of heat pumps with geothermal water sources,

15 shown by the example of the heat Squly system
st Petropavlovsk. e

HEAT SUPPLY SYSTEMS BASED ON GEOTHERMAL
OR OTHER SOURCES OF HEAT

For heat supplies based on geothermal or other
feat sources,. one-pipe heat supply systems can be
sed, with“the water coming in from the source

“ither used directly, or else subjected to some

¥ditional heating in a heating plant(1-3),

, Figure 1 shows the layout of the system of the
‘ilure - a system which transforms the heat of the
“ischarged water, in conjunction with a peak heat-

ing plant,

Fater from the source is passed through the

gﬂrifier when the amount 7, is pumped by the pump-
tay Statlon along the one-pipe heating system until,
T - temperature t,, it reaches the consumer. Part
;;iihe water G, goes into the space heating system

e the rest G, i® used for the hot water supply.
“*%ater entering the heating system is mixed in

®mixer 5 with return water, which has been
g%%iOU31y heated in the-heat pump condenser, then
%§328d in the peak heating plant to supply water
“iperature t,, after which it passes through the
“*3ting system, on completion of this part of the
ir”“t the return water, at temperature tg, di-
ideg into three. One part 4, goes into the heat

i .;y “ﬁ w«
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punp condenser, is heated to temperature ¢4 and
passed into the mixer 5. The second flow of return
water &, goes into the heat pump evaporator where
it is cooled to temperature ¢, and discharged. The
third flow enters the mixer 17, from which amount
G, at temperature tg flows into a storage tank and

g
to the hot water supply system.

Main layout of a heat supply system
with heat pumps and additional (peak)

heating of the water.
1 - geothermal water source;

FIG. 1.

2 - water

3 —~ pumping station;

purifying unit;
6 - peak

4 - plpeline; 5, 10 - mixers;

heating plant; 7 -~ space heating system;
3 — heat pump

8 — heat pump condenser;
11 —~ storage tanks; 12 - hot

water supply system,

evaporator;

To increase the heating coefficient p, the water
is heated in the condensers and cooled in the
evaporators by stages, in several heat pump units,
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76 Use of heat pumps

By jointly solving the equations of the material where Qd N is the design heating capacity of tp,

and heat balances of the heat supply system, we
can determine the amount of water drawn from the
source per 1 Geal/h design heat capacity:

.tg-n + a-10* ]4_

_ Gy m (1—0a)-10°
[ ta— 1, ta.d—tr . q

=, Tmi| fzg—5

4o (=910

m, t/Gcal, : (1)

where Q4 is the design heating capacity of the
system (with the design external air temperature
t..q4), Gecal/h, equivalent to the sum of the space
heating system capacity Q) 4 and the hot water
supply system capacity Q,;

« = Qy 4/

G, = total flowrate of water from source, t/h;‘
m=(u= D)/ (by =t )/t - t);

ty.q and t,. 4 are the design supply and return
water temperatures (at t. 4).

When the external air temperature ¢, varies,
the peak heating plant capacity changes in accord-
ance with the flow control graph, while the heat
pump capacity remains unchanged. Therefore with
constant source water and hot water supply tempera-
tures t, and t, respectively and given o the water
flowrate g,; = idem. This condition is also ful-
filled after disconnection of the peak heating
plant by regulating the heat pump capacity. The
water flowrate g,; (t/gcal), other conditions be-
ing equal, is in linear dependence on the pro-
portion of the total load that is used for heating,
o, The flowrate g,, varies depending on the heat-
ing of the water in the heat pump ¢4 ~ ¢t : with a
decrease in the temperature difference between the
incoming and outgoing water in the condenser
tqy - t, G, tends to Gg,

The heating capacity of the peak heating plant
in the design conditions per 1 Gecal/h supplied to
the system is equal to:

p *—‘Qvfé}l__afs.dr-—ld.d__ | —a ta’—fd,d (Qa)
477 Q4" tg.g—fr.d mt 1 g5 -
fa—tg am fa—14 .4
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”'feiated to 1 Geal/h of the heating capacity of the

P
peak heating plant, Geal/h,

The temperatures t, 4, t. 4 and fy 4 are dete,
mined at the design external air temperature ;
e.d.

The proportion of the total annual heat output
which is produced in the peak heating plant is:

ann b}
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where T is the duration of the assumed external g,
temperature ¢,

The design heating capacity of the heat pump,

system, is equivalent to:

_Q(}ilp___ 4 td.d”“[r'd_.__ l—-ax
(o= 0y “mF T hya—te.a m¥1
ta—1g t4.a—fr.d a.
><fn——1r.d' e (%

while its proportion of the total annual heat out.
put is determined by the formula

T

ann
th_

Yomn = =3 :68

___""—a fa"“ig td'—‘to
M e, 1,5 J dr, Geal/a/Geal/h.
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The installed capacity of the heat pump unit d=
pends on the temperatures of boiling Te and con-
densation Tj at the design conditions. For the
number of heating stages k the boiling and conden:
ing temperatures of the heat pump unit operating #
the 1-th stage are equivalent to:

Z:{._[i__ To 4 Ay + B I
Ten To— [f—(I— D] My — b’

where Aty and At,; are the heating of the water:
the condenser and its cooling in the evaporator o
the i-th unit, for units of the same type with
identical capacities, Aty; = (tq4 — to)/% and At
(to - ty)/k;

Sni and 8,.; are the recovery deficits at the ¥
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; ssaporator, The relative installed capacity of all
" tye heat pump units is determined by the formula
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Use of heat pumps
«ud of the condenser and the cold end of the the peak heating plant;

ty is the temperature of the water after the
heating plant.

hp n
V)
Ng __LL‘E:Ydééf(e)e Zhl_’ Kk¥h/Geal, (5a) The proportion of the total installed capacity
¥ Q4 8 = B i covered by the peak heating plant is equal to:
{n which py; is the actual heating coefficient of ty —1 fo— ¢
Bip=a— (1 —a) 5 —& —na 2=t (g)
tg—5 tg,a—tr.d

the i~th unit.

The annual specific heat output in the peak heat-

The annual electricity consumption for driving
ing plant is:

the heat pump units is

To

Qph te, — 1 T ta—t
ann 'Y,ir;“-l()s n 1 Bann: (Sd = [a?“s—d;—[}d__(l'—a) t:—_sg____
th:ﬂsm-“za;, kWh/a/Geal/h,  (5b) s )
1 A

aa ———na—lﬂ;:;§L~]tit, Geal/a/Gealsh. (10)
where Hyg is the average annual heating coefficient fs.d—ir.d
af the t-th unit, :

The annual specific fuel consumption in the peak

The annual fuel consumption (t coal equiv./a) heating plant is

for the heat output in the peak heating plant and
the heat pump per 1 Geal/h of the design heating
tapacity of the system is equivalent to:

b, = 0.143 “_n_ t coal eq/a/Geal/n.  (11)

One-pipe systems can operate both with and with-
ann Bann ann out wager being discharged, When operating without
b ::0-143‘7;“+'103[Vhp be, t/a/Geal/h,  (0)  discharge the proportion n is independent of time
and equals zero and, in accordance with formula (10),
4. =G_ for the whole of the heating season,

there b, is the specific fuel consumption per 1 kWh ' g

in the condensing station. s .
These conditions, and the layout for a one-pipe
In one-pipe heating systems without heat pumps intem of :eaﬁlnii were igt(goifarﬁhby X.B.fakshv;;
?he flowrate of the water from the source is de- or a r?mo E E? ing szs eg ,d ' 1e atvan ag: ©
termined by the formula a one-pipe eg ing sys ?m .ase og ow-temperature
heat sources is that existing radiator systems can
_ 3 100 be incorporated into it, operating on the 95°/70°
_ (1—a)10 a-10
822 = "33 +n ot 4 t/Geal. (7)  flow control graph. The flowrate of the source water

is reduced in this case by increasing the fuel con-
sumption. The temperature of the source water

.

The proportion of water discharged from the
=1

*ystem n is the ratio of the amount discharged affects the efficiency of the system; when t, g
from the water system 74 to the amount of water the hot water requirement is met by water from the
ziiculétiﬂg in Fhe space hea?ing system (7, T?is source, while the heating system water is supplied
ot :s is det?rmlned by the 51m91taneous solution by the peak heating plant; with lower values of t,
bala € equations for the material and heat fuel is supplied net only for the heating system
nees: but also partly for the hot water supply system.
ﬂ::.fs;:lgwn te—to 1 V—a fg.q—tr.dtg—lo < When the heating network is operating in accord-
fi—to " ta—to @ tg—5 ti—to ance with the flow control graph, the temperature of

the water tg in the hot water supply network is re-

duced at the end of the heating season. It is there-

Here ) ‘ . fore desirable that the design temperatures for the
te is the temperature of the water prior to  heating network graphs should be as high as possible,

X tc‘”“to s lﬂats_td:tsr_c’{ (8)
g

ta — to a
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78 Use of heat pumps

not less than 150°/70°, so that the temperature of
the water t, supplied to the hot water system would
be reduced for a comparatively short time. It is
not always possible to use high design heating net-
work temperatures in heat supply systems based on
geothermal heat sources. Thus, for instance, in a
number of cases of systems based on geothermal heat
supplies the heating of the mineralised geothermal
water to temperatures exceeding t, = 100°C has
caused serious operational difficulties,

When a one-pipe system is operating with water
discharge (n > 0) and flow control of the heat out-
put the larger proportion of the discharge n, .,
will take place with intermediate water tempera-
tures in the network, and where t), = t, = t.:

. ts —to _lﬂats.d'—{h.d ta"'tg (12)

) n E= .
~ max ta— fo a fg—5 "ti—1o

In the region of temperatures t, > t,, n de-
creases with an increase in t, and reaches its
smallest values at the design temperature t, 4
corresponding to t. 4. If the design graph for the
heating network.is selected such that with the de-
sign temperature t, 4, n4 returns to zero, then in
design conditions 7, = Gg, and with temperatures
e <ty g, Gp > Gg. In this case a one-pipe system
will operate under the conditions put forward by
Dyuskin(1.2) Por a system of this type, the design
supply water temperature t, 4 is determined from
the condition:

T (te—5) e, (13)

tk.d::

The design flowrate of water from the source
a9 for this system is determined from formula (7),
with n_

In one-pipe systems the heat supply system is
insufficiently effective on account of discharge
of water at temperature t,, while in systems with-
out discharge a decrease in the water flowrate is
brought about by increasing the fuel consumption,

Systems which make the fullest use of the
source heat are those wita heat pumps, since here
water is discharged at a temperature ¢, = 5-10°C,
The effectiveness of the use of the source heat
increases with a decrease in the return water
temperature t_ 4. For systems with heat pumps it
is therefore best to use panel or convector heating.

Panel heating systems ensure that the surroundhw
are cooled in summer.

In geothermal heat supply systems where the
drilling of boreholes and construction of plpeh§
accounts for a considerable portion of the eXDegs
ture, a considerable 1mprovement can be made jn;"
technical-econonic characteristics by using heg
as shown below by the example of Petropgv;_

pumps,
lovsk.

THE GEOTHERMAL HEAT SUPPLY SYSTEM op

PETROPAVLOVSK, BASED ON HEAT FROM THp

GEOTHERMAL WATERS OF THE PARATUNSEK
REGION

The town is supplied with heat from the geq-
thermal waters of the Paratunsk sources from a 4.
tance (as regards pipelines) of about 60 km. Tpe
design heating capacity of the heat supply Systes
is 94 = 200 Gecal/h. There is a guaranteed hot ..
supply for the industrial settlements and the liv.
accommodation, and the thermal loads are pheref@w&
distributed thus: Jy 4 = 133 Gcal/h for-heating s
Qg = B2 Geal/h for the hot water supply (o = &@gg
The geothermal water temperature t, = 175°C, tg:
55°C,

740 60 40 Q, Geal/h
ty
tS to
BN
\/ \ Pk.Htg.
{//’ \\\ Ht P
[ ~N
f 4 )
| ’ Heat from
| geothermal
— 0,2 water
Ll .
© o -w -z0 000 w000 s000h/a
FIG. 2. Annual graph of heat output for heat

supply systems with heat pumps (o = 0.69).

In these conditions the most suitable system if
cne that entails the use of heat pumps,
form the heat of the discharged water to a highef
temperature level, together with an additionalé?f,

which tr&s

ing plant (as in Fig. 1).

S

The advantages of systems with heat pumps caf =
shown by comparing these with other heat supply
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Use of heat pumps

systems:
one-pipe system without discharge of water(2,3);
one-pipe system with discharge of water(l.2);

heat supply system using peak heating and heat
pumps.

One-pipe heating systems both with and without
discharge employ the 95°/70° flow control graph,
In the system without discharge the water flowrate
{s constant for a period of a year, and 7, =«Tg,
In the system with discharge the highest design
sater flowrate, determined by (7) and (12), is
%,.4 = 1.6 G,. The design supply water temperature
in the mains t, 4, determined from (13), is 198°C.
The 150°/70° graph was used for network distribu-

tion without discharge.

In the system with heat pumps, the water is
sdditionally heated to 95°C, is heated in the con-
denser of the heat pump to 55°C and cooled in the
evaporator to 5°C. Heating and cooling of the water
take place in three stages, in three heat pump
turbo-compressor units. The design tewmperature for
the return water in panel heating systems is 40°C.
Figure 2 shows the annual heat output for this
system, while Table 1 gives the design heating
¢apacities and the annual proportions of the total
keat output for the peak heating plant and the heat
pumps, :

TABLE 1.
= |Installed Annual f§
~ .| heating heat .
2 P lcapacity output g §
ot ot
s o ° o
. + o - O
2 5 [Geal/h| % |Geal/h | % e g
- O
B w
\“*M__
Peak heating
blant — 71,2 {35.5{ 66 000; 6.3{15 200
Reat bump 17 80014 28.2 | 14.11120 000}12.3 {13 200
Seothernal water| - [100.6 |50.4|794 000]80.9| -

We will look at the effect which the ratio of
Ehe thermal loads for the heating and hot water
“9Pply systems has on the geothermal water flowrate
*a: Figure 3 shows the nature of the variation of
‘s depending on « for the geothermal heat supply
“stems considered. The flowrate g, in systems

iR
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without discharge and with heat pumps depends
linearly on «. In the system with water discharge
the dependence g, 4 = f{«) is non-linear, since in

t/Geal
74
€a.d /
12
z7/
0 b— 7
/ 7
g ,//7f£//’/ %
e / ;jf//
§ / /
A
4 // v
Z A///
£
e
0
o0y 68 67 45 4§

FIG. 3. Design flowrates of source water in
various one-pipe heating systems depending
on the proportion of space heating o in the
total thermal load.

1 — system without water discharge(2.3);

2 - system with water discharge (in design
conditions G, = Gg)(l.Q); 3 - system with

heat pumps,

accordance with equation (13) t, 4 = f(a). Starting
from o« = 0.69 the design water flowrate Z2..4 in
this system exceeds that in a system with heat pumps,
since, with a decrease in g, Gg and the ratio ~
4.4/ increase and t, 4 decreases. With a < 0.69
the flowrate g, 4 is less than that in a system
with heat pumps, since t, 4 and the water tempera-
ture t, increase at the end of the heating period.
With t*, > t, (« = 0.77) the design flowrate g, 4
decreases more rapidly, the nearer it approaches Cg.
It is not, however, an advantage to use this kind
of system in this region of thermal loads, on
account of the unnaturally high water temperatures
ty in the network (cut-off line in Fig. 4). In a
one-pipe system without discharge(2,3) the water
flowrate corresponds to the flow to the hot water
supply system Gg.

The technical and economic characteristics of
the various systems are determined by the capital
and operational costs., Capital investments in the
geothermal heating system are made up of capital
expenditure X = 3K;: cost of boreholes K,
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80 Use of heat pumps

pipelines K, |, peak heating plant K, y, fuel Ky,
heat pumps Ky _, condensing station K., heating

equipment K, ., pumping station X,. The operational

costs comprise the total expenditure for deprecia-
tion deductions, cost of mining and transporting

fuel, staff wages and other expenditure (30% of de-

preciation costs and wages costs) - S8 = £5;. Com-
parison of the heating systems is made according
to the predicted costs: PZ = 0.125 K + S,

thous.roub/Geal.h

4f 7

40 //
I

35

i

50
- 2 N v
1
e g
[ ———

2040 09 08 07 06 0§

FIG. 4. Theoretical costs depending on the

L proportion of space heating a in the total

) thermal load.
1 —~ heat supply from heating plant;

2 —~ one-plpe system without water dis-
charge(2'3); 3 — one-pipe system with water
discharge, with design conditions G, =
G (1+2); 4 - with heat transformed by

heat pumps.

Capital investment in the heat supply system
was determined taking into account the specific
standards applicable to the particular conditions

of Kamchatka.

With the mean depth of a borehole in the Para-
tunsk of 600 m, the mean output 12 litres/s and
the cost per metre of drilling 110 roub/m, X,, =
5.5 G, thous.roub/Geal/h. Capital investment in
the condensing stations, heat pumps and pumping
stations was determined according to the cost of
1 kW installed capacity. Capital investment per
1 kW was taken as: condensing station - 350 roub/
kW, heat pumps 80 roub/kW and pumping station
25 roub/kW installed capacity. The specific fuel
consumption in the condensing station was taken as
b, = 0.345 kg coal equiv./kWh, the mean heating
coefficient with three-stage heating p, depending
on the conditions, 4.4 -5.6, and pump efficiency
N, = 0.8. Specific capital investments in a one-
pipe line about 60 km long was determined approxi-

mately, taking into account variations in the Wate,
flowrate, from the relation X, ; = 17.0 g 0-38
thous. roub/Geal/h.

In the variants compared the cost of Supplying
heat, from investment in the heating plant to the
mining and transport of the fuel (Sakhalinsk cog)
with a calorific value of 5800 kcal/kg) was takep
as 57.9 roub/t fuel, the net cost of mining 12.9
roub/t and transport 5.44 roub/t. Specific capita]

investments on the construction of the heating py,,.

for Kamchatka amounted to 30 000 roub/Geal/h,

Table 2 shows the results of technical-econonic
calculations for various types of heating systepg
with the same heating capacity Qg = 200 Gecal/h, g,
these conditions the most effective system is that
using geothermal heat and heat pumps.

TABLE 2. Technical-economic characteristics
qf the Petropavlovsk heat supply systems,

Heat supply systems

- FE}

g 8. | g% £
a 57 o &
= ';S [ 4
= 8| 8% | 3
FL) @ b i =] o
] [ =1
® 2 9*{3 =
= t "S o ﬂ +
g o §3 &
[ <™

. 5
Design geothermal water

flowrate, litres/s - 280 470 476
Design heating capacity

Geal/h 200 200 200 200
Annual heat output,

Geal/h 960 000 [960 0001960 000 {960 000
Capital investments,

mill.roub, 19.2 15.77 | 18.3 16.2
Operational costs,

mill. roub. 5.25 3.28 3.38 2.60
Fuel consumption, t/a |222 000} 92 000} 87 200} 35 000
Saving in capital

investment, mill.roub - 3.43 0.9 3.0
Saving in operational

costs, mill.roub. - 1.98 1.87 2.65
Saving in fuel, t/a - 130 000|135 000 [187 00¢

Theoretical costs,
mill.roub/a,

7.65 5.25 5.88 4.62

Figure 4 shows the variation in the specific
theoretical costs (for Q4 = 1 Geal/h) depending &
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:pe ratio of the thermal loads for the heating and

. ot water supplies.

ing
the
oal
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ital
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With heat pump

\

470

200

000

%ith an increase in the proportion of the theo-
retical costs accounted for by the hot water supply,
the theoretical costs for the heating system from
she heating plant increases, since the annual out-
wt of heat and the fuel consumption is greater.
gor heating systems with heat pumps the theoretical
tosts drop in proportion to a decrease in the pro-
prtion of the heating load «, since there is a
reduction in the -proportion of heat put out from
the heating plant and the heat pumps, and an in-
erease in the direct use made of the heat from the
zeothermal water,.

The theoretical costs of a one-pipe system with-
sut water discharge(?.3) decrease with an increase
in the proportion of the hot water supply in the
total thermal load. The theoretical costs for the
system with water discharge(l,2) are shown in
Fig, 4 in the region of values of a where operation
of this system is still possible. In practice, in
sae-pipe systems of heating both with and without
#aler discharge, the space heating system is based
21 the heating plant which uses fuel, while the
Yot water supply uses geothermal water. Both one-
sipe systems are economically effective only with
#igh hot water supply loads. For the conditions we
#ave looked at, one-pipe systems are advantageous
#en o is 0,55 and below,

For heat supply systems with heat pumps the
theoretical costs fall with a decrease in the pro-
Brtion of the heating load «, since there is a

81

reduction in the amount of heat produced by the
heating plants and the heat pumps, and there is an
increase in the direct use of geothermal water.
Supplying heat with heat pumps enables full use to
be made of the heat from the source on account of
the effective transformation of the heat from the
water when it is heated in stages,

SUMMARY

1. The fullest use of heat sources is made by
systems based on geothermal or other low-tempera-
ture sources where heat pumps are used to bring the
source heat up to a higher temperature level.

2. Heat supply systems with heat pumps used in
conjunction with peak heating are characterised by

small flowrates of water from the source with the |
hot water suppiy in practice occupying a compara-
tively small proportion of the total thermal load

(with o = 100 - 65%).
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