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Abstract: With the implementation of the global
sustainable development strategy, people pay more
attention to renewable energy resources such as ground
source heat pumps. The technology of ground source
heat pump is widely applied to heat and cold. It is
critical and important to know how to choose the
terminal and make it workable.

This paper makes a technical and economic
comparison of various heating terminals (with the
example of a north residential district which adopts
ground source heat pump as the cold and heat source)
and gets the optimum scheme.
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1. INTRODUCTION

With the implementation of the global sustainable
development strategy, The technology of ground
source heat pump is widely applied to heating and
colding.™The ground source heat pump were divided
into three kinds base on the different source of
geothermal energy;the underground water source
heat pump system,the soil source heat pump system
and the surficial water source heat pump system. It is
a key and important technology that how to select the
terminal to match ground source heat pump system
and make it to meet the demand of colding and
heating economically. The article takes a high-rise
residential district as a object which adopt ground
water source heat pump system as heat and cold
source to supply heat and cold to buildings through
network and terminal. This paper makes technical
and economic comparisons of different terminals and

gets the optimum scheme.

2. GENERALIZATION OF ENGINEERING
AND SCHEME

This project is a high-rise residential district in
Beijing,which is 18-storey high. The area of one
building is 18879 m’ ,this zone include five
buildings,the total area is 94396 m*.The outdoor
design  dry-temperature  calculated  for  air
conditioning is -12°C in winter .The outdoor heating
design temperature calculated is -9°C in winter. The
outdoor dry-temperature calculated is 33.2°C and
outdoor wet-bulb temperature calculated is 26.4°C in
summer. The heating thermal loads is 28w/m? the
air-conditioning thermal loads is 31w/ m*  the
air-conditioning colding loads is 60w/m®The total
loads will incease 20% due to the loss in pipe and the
efficiency of pump unit. This residential district adopt
ground heat souce as cold and heat source to supply
heat and cool through network.This residential
district select four HVAC terminal schemes as sample
and make a comparison.

Scheme one: The low temperature water hot water
floor radiant heating provide both heat and cold. This
scheme has some features such as energy saving,
relatively high thermal stability. The thermal comfort
is relatively better than other schemes in winter, but
is not in summer and condenses easily.

Scheme two: The system chooses Fan-coil units as
terminal which provides heat and cold. It can meet
both the demand of cold load and heat load. Thermal
comfort is worse than scheme one.Forthermore, the
fan-coil will consume electric power.
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Scheme three: Fan-coil units provide cold in
summer and the low temperature water hot water
floor radiant heating provide heat in winter.The two
terminals share the same pipe system.The thermal
comfort of the scheme is same as scheme one and
two,but it need two terminal system,therefore its
early investment is higher and it consume electric
power too.

Scheme four:The common electric Air condition
provide cold and low temperature water hot water
floor radiant heating provide heat,the thermal comfort
is similar to scheme three.Butthe system can not
utilize heat pump system in summer.

3. THE EARLY INVESTMENT OF
PROJECT
The early investment mainly include the

investment of well construction and heat/cold
source,the investment of outdoor pipe system, and
the investment of hvac system for buildings.

3.1 The early investment of well construction and
heat and cold source

The main issue of early investment include heat
pump units, circulating water pump, electronic water
processor, deep-well pump and filter.The total
investment is about 7.48 million yuan,79yuan/m?.

The early investment of well construction is related
with quantity of underground water and quantity of
diffrent pipe. The temperature of underground water
is 18°C in Beijing,the temperature difference is 7°C
between pump water and recharge water.“The water
flow is mainly dominated by heat load.When we
choose scheme one and two, the water flow is 400t/h
and need four wells, two is draw well, others is
irrigation wells. When we choose scheme four, the
water flow is 200t/h and need two wells, one is draw
well, and another is irrigation well. The well depth is
140m.It need steel pipe stainless steel filter and

electro-processor to prevent well from blocking and
corroding. The price is about 800 Yuan/m.

3.2 The early investment of outdoor network

The residential district include five buildings and
the total area is 94396 m’.The outdoor network
include two main pipe network. The system adopt
double pipe system, the system share the same pipe in
winter and in summer. The early investment of
network is 46 Yuan/m’.The total is 4.34 million Yuan.

3.3 The investment of hv&ac system for buildings.

The investment of hv&ac system for buildings
include pipe and terminal.?The pipe system in pipe
well adopt upside feed and underside return flow
vertical double riser pipe system.The resident adopt
household heat-metering.The house install thermal
meter and thermovalve.The totall investiment of
these equipment is 1.152 million yuan. The main
differente investment of different scheme is due to
the investment of terminal.

Scheme one:lf the system adopt low temperature
water hot water floor radiant heating, the investment
of terminal mainly include three issue: heating pipe,
structural layer and construction cost.Structural layer:
Heat insulating layer is polystyrene plate which is
20mm thick,mortal layer is 40 mm thick., ground
layer is 20mm thick.The total investment of structural
layer is 30 yuan/m’. The construction cost is about 12
yuan/m*. There are mainly four kinds of heating pipe
used in project:PE-X,PB,PP-R,PE-RT.Therefore,the
investment of low temperature water hot water floor
radiant heating are fluctuating greatly due to different
pipe.The difference is shown as Tab.1.

Scheme two:The system choose fan-coil unit as
terminal. The investment of domestic fan-coil is about
3.9 million yuan and the import is about 5.65 million
yuan.
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Tab.1 The investment of floor heating

Heating Constructing Constructing Average
Total cost
Item pipe layer cost cost cost
yuan/m’* yuan/m’ yuan/m’ yuan/m’ Million yuan
PE-X 10-29 45—64 4.24—6.04
PB 35-45 70—80 6.60—7.55
PP-R 9-21 25 10 44—56 4.15—5.28
PE-RT 9-18 44—53 4.15—5.00
XPAP 12-27 47—62 4.43—5.85

Scheme three:The terminal equipment include
fan-coil units and low temperature water hot water
floor radiant heating system.Fan-coil units spent
same money as scheme two.The investment of floor
heating is similar to scheme one.

Scheme four:The floor heating need same
investment as scheme one. The investment of
common electric Air condition is about 5.76 million
yuan.

The investment of different scheme is shown as
Tab.2.

4, THE ENERGY CONSUMPTION AND
RUNNING COST

The energy consumption and running cost of
the system mainly include electrical charge and
reparation & maintenance cost. There was no obvious
difference in reparation & maintenance cost between
the four schemes. Electrical Fee is 0.48 yuan/kwh in
Beijing. The rough estimate of running cost is shown
as Tab. 3.

5. CONCLUSION

(1) The early investment of floor heating is
fluctuating from 174 yuan/m? to 210 yuan/m? relate
to different pipe.The investment of fan-coil unit is
about from 171 yuan/m® to 189 yuan/m”.The

investment of association scheme that be consisted of
fan-coil unit and floor heating is 35% lower than the
scheme of fan-coil unt system and is 10% higher than
the scheme of floor heating and common electric Air
condition system.

(2) The running cost of floor heating is the lowest.
The running cost of the association scheme that be
consisted of fan-coil unit and floor heating is lower.
The running cost of the association scheme that be
consisted of floor heating and common electric Air
condition system is the highest compared with other
schemes.

(3)The low temperature water hot water floor
radiant heating system has the following advantages:
lower investment, energy saving and better thermal
comfort in winter.*!However, the thermal comfort is
relatively lower when the system supply cold;The
fan-coil unit can supply both heat and cold.The
thermal comfort in winter is relatively lower and the
running cost is higher compared with floor heating
system.Therefore,the scheme of hv&ac shoud be
decided according to actual situation of local project

Proceedings of the Sixth International Conference for Enhanced Building Operations, Shenzhen, China, November 6 - 9, 2006



ESL-IC-06-11-315

ICEBO2006, Shenzhen, China Renewable Energy Resources and a Greener Future Vol.V111-13-3

Tab.2  The early investment of project

. . Well construction&heat
terminal equipments Outdoor netwok Total Average
source
million yuan/ million million yuan/ millio
yuan/m’ yuan/m*
yuan m’ yuan yuan m nyuan
. 1642
1 Floor heating | 415-755 44-80 793 84 174—210
—1982
Fan-coil unit
) 565 59
(import) 1617
2 793 84 171—189
Fan-coil unit —1792
390 41
(homemade)
415-7
Floor heating 44-80
55
3 Fan-coil unit 793 84 215—269
. 565 59 —2547
(import)
Fan-coil unit
390 41
(homemade)
. 415-7
Floor heating 44-80
55
1908
4 Common 483 51 202—238
—2248
electric Air 576 61
condition

Tab.3 The running cost of project

Total fee Average fee Total average fee
Facilities

thousand Yuan Yuan/m’® Yuan/m’*

Heat pump unit 121.8 12.8
1 13.9

Water pump 10.5 11
Heat pump unit 121.8 12.8
Water pump 13.3 1.3

2 15.5-15.7
Fan-coil import 14.9 14
unit homemade 16.7 1.6

3 Heat pump unit 121.8 12.8 14.9-15.0
Water pump 144 1.4
Fan-coil import 6.4 0.7
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