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Capital Institute of Science and Technology Development Strategy
(CISTDS) was established in August 2011. CISTDS is sponsored by
the Ministry of Science and Technology, the Chinese Academy of
Sciences, the Chinese Academy of Engineering and the Beijing
Municipal People's Government, the Beijing Municipal Science and
Technology Commission for the Secretary-General units, Beijing
Normal University and Beijing Institute of Science and Technology. It
is a new think tank which is based in the capital Beijing and serves

the whole country.
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Ever Source Science and Technology Development Group Co. Ltd. (HYY Group) is the Beijing Head Office for science and
technology development owned by China Geothermal Industry Development Group Ltd. (HKEx: 08128, China Geothermal) which

is subordinate to the China Energy Conservation and Environment Protection Group.
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With integrated administrative framework of Beijing and Hong Kong offices, the HYY Group is fully engaged in the R&D and market
promotion of using shallow ground source (heat) energy as the substitute energy source of heating for buildings; in industrialized
development of its original technology; to the upgrading of traditional heating industry into a new industry of integrated combustion-

free heating and cooling with ground source energy; and in pioneering ways to improve ecological construction and curb haze in China.
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Code of Conduct :
REE—, IESER
With safety first, standard speaks
FLALCHT R, RRESHTEL

To form a solid foundation, to make all strategies practicable

REREMEHSE, MRIFEE—X

All develop sense of responsibility,and achieve pleasure at work

o IRMIAFEE: XL, BlFr
Our Mission: Pragmatism and Innovation

o IRMINER: ASERFIEHRE
Our Pursue: Harmonious Coexistence of Human and Nature

® FHMWER: IEUEZSmRET
Our Dedication: Improve comfort level of the people’s livelihood
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Our Vision: Work for greater industrialized development of the original technology for ground source energy
collection, while promoting the use of shallow ground energy as the substitute energy of heating for buildings;
furthering scientific utilization of energies by grades; propelling combustion-free intelligent heating (cooling) for

buildings with ground source energy; and forcefully boosting the new industry of integrated heating and cooling with
ground source energy.
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The fourth China geothermal industry development
summit and the first silk road international

geothermal cooperation forum was held in Xi 'an
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Research on a project of non-combustion shallow
geothermal energy heating and cooling system 1 Kail

Lee Yanchao

1. Project Profile

The project in Kaili is the first national AAAA (4A) tourist attraction in Kaili, and it is located
in Kaili, Qiandongnan, Guizhou. The project is an integrated ecological agricultural project
integrating sightseeing, tourism, leisure and natural hot spring for health together. The project
includes hot-spring hotel, outdoor SPA pool, etc., with a total floor area of 12,433.62m>

The project adopts geothermal heat-pump system, which gives priority to the recovery of
waste heat from the deeply-seated high-temperature geothermal wastewater; next, it adopts
the shallow geothermal energy as the supplement, creates a non-combustion energy system
ofshallow geothermal heating and cooling,so as to meet the requirements for heating in

winter, refrigerating in summer, hot water for washing allyearround as well as all cooling and
heating capacity required by heating and maintaining the temperature of the water body, so
that the project can operate for heating and cooling without combustion and emission.
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2.Research on non-combustion energy system of shallow geothermal heating and cooling
2.1Analysis on Demands for Cooling and Heating Capacity
The cooling load demands of the project include the air-conditioning cooling load in
hot-spring hotel, and the heating load demands include the air-conditioning heating load
in hot-spring hotel, hot-water load as well as the load for heating and maintaining the
temperature of the outdoor SPA pool, with the specific value shown in the table below:

Outdoor Demand for Water Supply
Load Type Hot-spring Hotel Water-body and Return \tll\f?éer Tempera-| Total(KW)

Cooling Load (KW) |Air-conditioning Cooling Load (KW) 994.69 - 712°C 994.69

Air-conditioning Heating Load (KW) 683.85 - 45/40°C

Hot-water Load 424 - 50°C
Heating Load ohwaterLoa 2287.85
Load for Heating and Maintaining
the Temperature of the Outdoor - 1200 55/50°C
SPA Pool

2.1 Scheme of non-combustion energy system of shallow geothermal heating and cooling

2.2.1 Utilization of Waste Heat from High-temperature Geothermal Wastewater and
Utilization Scheme for Shallow Geothermal Energy

The water discharged daily from SPA pool and the total water discharge of domestic hot-
water wastewater is approximately 500 tons, with the drainage temperature of about 35°C . The
scheme utilizes the discharged waste heat resources as the low-temperature heat source of
heat pump system, makes the secondary water of heat pump system to transfer the heat with
waste water of hot spring via the heat exchanger specific to wastewater in wider passageway,
and discharges the wastewater of hot spring after cooling its temperature down to 10°C, and
recovers its low-grade heat energy. The heat-pump system combines the secondary water
system to heat the project, and the rest insufficient low-grade heat energy adopts the collection
well of single-well circulating heat transfer geothermal energy for supplement, and the heat
exchanging power of single geothermal energy collection well is 200kW in winter.

When the air conditioner of the project refrigerates, priority shall be given to cooling
recovery for utilization and preparations of domestic hot water and for heating and
maintaining the temperature of the outdoor SPA pool, and the insufficient part adopts heat-
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pump unit together with the collection well of single-well circulating heat transfer geothermal
energy, with the heat exchanging power of single geothermal energy collection well of 280kW
in summer.

By considering the heating and cooling operation of project comprehensively, the scheme
is configured with 6 collection well systems of single-well circulating heat transfer geothermal
energy, which can meet the operational needs of different working conditions.

2.2.2 System and Equipment Configuration and Selection

The heat-pump room designed by scheme is set with 3 high-temperature heat-pump hosts
with the heating capacity of 800kW, and the water supply temperature of the heat-pump host
can reach up to 65°C at maximum, so that the outdoor SPA pool involving in this project can
operate normally under extreme weather. The water supply temperature of the system under
normal working condition is 45 °C , which can ensure the heat-pump system can operate at
high efficiency zone stably, thus reducing the energy consumption of the system.

When operating in winter and transitional seasons, two heat-pump hosts are started up
for heating the outdoor SPA pool and preparations of domestic hot water, and one host
is started up for heating the hot-spring hotel; when operating in summer, priority shall be
given to the start-up of heat-pump host, which adopts the mode of heat recovery for heating
the outdoor SPA pool and preparations of domestic hot water while cooling at the same
time; in case of insufficient cooling capacity, other heat-pump units shall be started up for
supplement during peak load regulation.

Type Selection of Main Equipment

Quantity Main Parameters

High-t ture type, with
. Heating capacity of single unit: 792kW Igh-temperaflire fype, wi
Geothermal Heat Pump Unit 3 sets . ) . . outlet water temperature of
Cooling capacity of single unit: 750kW

65°C
Heat exchanger dedicated for waste- 2 sets Heat exchanging capacity of single Clog-resistance type for
water in wider passageway unit: 400 KW wider passageway
Heat exchanging capacity of single set
in winter: 200kW
Collection well of single-well heat ex-
change circulation for ground source 6 sets Heat exchanging capacity of single set
energy collection in summer: 280kW
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2.2.3 Design of non-combustion energy system of shallow geothermal heating and cooling

Waste-wmier
) sapply pump Hot spring pool water
High- Secondary and domeestic ok water
lempeiatiine waler
WALTE-WALET circulation
Hear GiSHE host —
— exchanger —|- b
= LI
Drainage i Hot spring pool water
wider amd domesize bot waber .
- PassRgewny
1 Water supply for
ek S GSHP bost o | Lieating
Alr conditioning
heatmg (cooling)
s backwater
Sobmersible Submers y oy
LTI prisig i : GEHP host -
Multiple sets of collection well system of Alr cobditioniig
single-well eireulating heat transfer heating (cooling)
geothermal energy water supply
System Schematic Diagram
State of Valve
Working Conditions
1 2 3 4 5 6
Heating in winter Open Open Open Open Close Close
Refrigerating in summer and heating of SPA pool and
9 9 . g P Close Close Close Close Open Open
domestic hot water
Heating of SPA pool and domestic hot water in transitional
9 P seasons Open Open Close Close Close Close

3.Analysis on System Operation of non-combustion energy system of shallow geothermal
heating and cooling

3.1 Comparison on operating costs

As the project is located at the mountainous area in Qiandongnan, with limited energy
supply, the energy that can be used is limited to electric energy only, and the scheme
compares the non-combustion energy system of shallow geothermal heating and cooling and
electric boiler and electric refrigeration system, with the comparison on operating costs of the
system shown as follows:
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Operating costs of system

Non-combustion smart energy Electric boiler and electric refrigera- = Comparison of operating

system tion system system
Heating in winter RMB 112,000 RMB 383,600 RMB 271,600
Refrigerate in summer RMB 27,200 RMB 38,200 RMB 11,000

Heating of SPA pool and
supply of domestic hot RMB 879,300 RMB 3.7249 million RMB 2.8456 million
water all year round

Total RMB 1.0185 million RMB 4.1467 million RMB 3.1282 million

The electricity price is calculated according RMB 0.5/10,000kwh

3.2 Analysis on Pay-back Period

If the project adopts conventional energy mode of electric boiler and electrical refrigeration,
the initial investment costs are about RMB 2.205 million, and the energy cost is about
RMB 4.1467 million each year; after adopting non-combustion energy system of shallow
geothermal heating and cooling, the initial investment costs are about RMB 4.608 million, and
the total operating costs of the whole year are RMB 1.0185 million, saving the operating costs
by RMB 3.1282 million each year, with the pay-back period of less than 1 year.

4. Conclusions

1) The system recycles the waste heat from high-temperature geothermal wastewater,
exploits the low-grade energy in waste water fully, which is equivalent to 3 geothermal
energy collection wells, reduces the initial investment for geothermal energy collection of
GSHP system.

2) The non-combustion energy system of shallow geothermal heating and cooling based
on geothermal energy heat pump makes use of heat pump technology and uses shallow
geothermal energy to heat the buildings, so the shallow geothermal energy becomes the
alternative energy for heating of buildings.The shallow geothermal energy of system occupies
more than 60% of the total energy consumption of buildings, which can save the operating
costs of RMB 3.1282 million each year compared with conventional mode of energy.

3) For a comprehensive project integrating similar leisure and natural hot spring for health,
its hot spring wastewater has great considerable recycling value, and also has very good

|

economic and environmental benefits together with heat recovery of heat-pump system.
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