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Brief introduction

1™ Development History

., In 1980s of 20th century” some research institution
started doing research on GSHP

, In 1980s, Some Scholars/engineers went to America,
Sweden, Germany, Canada, etc. to study the technology
of GSHP

., The first GSHP project: Shanghai MinXing Economic
and Technology development Office building (funded
from 1987, ended in Oct. 1989 )

. In 1996 the first generation of FUERDA geothermal
central air conditioning system was installed in 2

residential buildings with the floor area of 50,000 Y .in
post village , Liaoyang city
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Brief introduction
1™ Development History

In 2005, the GSHP technology industry was considered as one
of the 10 new technologies by Ministry of Construction (MOC)

On November 30, 2005, MOC issued tbe Code é Technical code
for ground-source heat pump systeml

In 2006, Ministry of Finance (MOF) and MOC provide financial
subsidies to select nationwide GSHP demo cities and projects

By 2009, a total of 1390 million m?buildings in China has been
heated or cooled by GSHP system
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Brief introduction

A

2" thetechnical area and application

Underground water heat pump

Started from 1997, Study and introduce the products from Europe
and the United States  Strengthen the international communication
and collaboration

5

Develop demonstration projects
the biggest single project floor area reached 180,000Y

According to an investigation done by CABR  the application of
Groundwater source heat pump system focused on Beljing, Liaoning
Province, Hebei Province and Shandong Province

.
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Brief introduction

A

2" thetechnical area and application

. Ground-coupled heat pump
It grows fast and the biggest single project
floor area reached 200,000
An investigation showed that the application of
GSHP are mainly in Beljing, Hubei and Jiangsu
Province

. Surface water heat pump
It is used in the region where is abound in water or
other advantage conditions
It has the largest city level demonstration project
the biggest single project floor area reached
800,000Y
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Relative Polices and Standards

State Law

. & People’s Republic of China Renewable Energy Lawl
1,Jan.,2006 Renewable energy: wind energya solar
energya water energya biomass energya geothermal
energya Ocean energy, etc.

. & People’s Republic of China Energy Saving Lawl
revised in 2008

. & Building Energy Saving Management Statute |
Issued in 2008
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Relative Polices and Standards

State Law

, € Chinese National program
response to Climate Changel in
2007: Support the development and
application of wind energy, solar
energy, geothermal energy, ocean
energy, etc. especially the
geothermal and ocean energy.
Spread the technology of space
heating and hot water supplying
with geothermal energy.
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Relative Polices and Standards

Ministry and Commission Documents

*MOF and MOC jointly issued the & Opinions on Promoting
Application of Renewable Energy in Buildingsl , & The
Tentative Management method of Renewable Energy
Development Special Fund I Provides special subsidies to the
pilot cities and counties.

*By 2009 ,a total of 44 cities and 86 counties has gotten the

subsidies .
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Relative Polices and Standards

Local Papers

In Dec. 2004, Ningbo Economic Committee
Finance Bureau jointly issued theé Notice
on the issuance of the tentative management
method of using the energy efficiency and
clean production special funds 1 ~ the
special fund is used in development of
renewable energy and new energy which
iInvolved in the application of GSHP
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Relative Polices and Standards

Local Papers

In May. 2006, Beijing Development and reform
commission, etc. jointly published & Guidance on the
Development of Heat Pump in Beijingl . Encouraging the
development of heat pump involved renewable water heat
pump, GSHP, Underground water Source heat pump.

In Oct. 2006, Shenyang City government issued

é Implementation work Guidance on boosting the
construction and application of GSHPI * Planning to
reach 18million m2 of the application of GSHP
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Relative Polices and Standards| s GB

P GB 503662005

Technical code for ground-source heat pump system

Design standards and Atlas
GB
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€ Technical code for ground source heat pump
system I include survey in w e
site ,design ,construction, check and accept, etc ="

«& Water-source heat pumpsl GB/T19409-2003

& Design and Construction on the cool/heat & e
source room of GSHPI ~ Atlas 06R115 ~

Apply to new construction, renovation and
expansion of the industrial and civil architecture

& Design Atlas on water-source heat pumpsl
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Relative Polices and Standards

'i||.' L%

HRARRRGR

Technical/Engineer Books

dz In 2001, & GSHP Engineering Manuall

o . KRR
dz In 2004, & Design of WLHP Air conditioning RibiRit

I I3RS B R
systeml

dz In 2006, & Design and Application of GSHPsI
dz In 2008é Report on China ground-source heat e

pump(2008)i S
dz In 2011é Handbook of ground-source heat e
pump engineeringl HEBRAR
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Relative Polices and Standards

Simulation software

e Currently we mainly use Europe and the United States design and
analysis software
« ° EED Earth Energy Designer™ of European Geothermal
Association
North American and European architectural simulation software:
TRNSYS
International GSHP Association: GLHE Pro
Gaia Geothermal company: GLOD Ground Loop Design™
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i~ Calculation of Required Bore Length:

Calculate COOLING HEATING

Total Length (ft):
Borehole Number:

Borehole Length (ft):
nd ture Change (°F):

g8

ity (MBtu/Hr):
Hi

‘eal IBtu/HT;
Peak Demand (kw):

|

LI




Relative Polices and Standards

Simulation software

« We have also developed the analysis and design software, such
as E2 for GSHP developed by CABR ,Geothermal Star developed

by Shandong Architecture University .
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the R&D work

1)Research on the suitability of GSHP technology

application condition and suitable scope
evaluation method for the impact on the environment

research on the evaluation index system for the application of GSHP
2)Design method of optimizing GSHP for energy efficiency
3)Develop testing technology of GSHP

detection technology for the physical properties of the soil

test technology for the system COP in site
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the R&D work

Detection for the
formation of bore

Infrared thermal
Imaging technology
for Thermometry
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the R&D work

4)App||cat|on technology research on GSHP

Improving underground heat exchanger

research on the backfill material

research on the recharge technology of underground
water source heat pump

develop heat exchanger which is anti-clog and anti-
corrosion in Sea water, sewage water GSHP
" research on the evaluation method for the operating
performance of GSHP
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The characteristics

China was divided into 5 climatic zones from north to
south.In north areas, heating is the main attention ,while

In south ,is the cooling.

PEHEARITEFHSRA

GB 50176-93

Severe Cold

R
Severe Cold

FEFE

Severe Cold =

ot Summer & Cold Winter
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 An absolutely large part

of Chinais in need of

both heating and cooling.

Accordingly, we
should make use of
renewable energy Iin
buildings based on
different locations.
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The characteristics

*With regard to underground water system,the initial
system investment is approximately 300-400 yuan/m? as
for ground- coupled system, a evaluation of 350-

450yuan/m?is estimated.

The initial investment is a bit more compared with the single heating
and single cooling system,while the difference is slight compared to
chilling unit together with fuel boiler or electrical boiler.

The initial investment is relatively low compared to foreign countries.
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The characteristics

[HEE I 248 35%,

R /KHBEAASE REGE 45%,

i KGR RGE

20%
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Currently’ The

application area of

underground water heat
pump accounts for 45% in
the total market;
Ground-coupled heat
pump accounts about 35%;
Surface water heat pump
accounts about:20%A
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The characteristics

€ An investigation on the current application of ground source
heat pumpl shows that from the perspective of areas in current
projects, the projects above 50000 Y account for about 16%,the
projects between 10000Y and 50000Y account for 42%,while those
below 10000Y account for 42%.Considering the large part of small
and medium projects, the potential is promising.
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Analysis of Application Effect

4 projects
in Shanxi

12 projects
In Liaoning

10 projects

3 projects in in Beijing
Inner Mongolia

1 project
in_Xinjian

4 projects
in Hebel

4 projects
,_in Tianjin

2 projects in
Shandong

2 projects
in Jiangsu

1 project in
Zhejiang

Total 43 GSHP projects, covering 10 provinces, municipalities and
" autonomous regions. Investigated by CABR - -




Analysis of Application Effect

U Building scale of the projects

projects
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Analysis of Application Effect

Proportion of Building function

Science, Others
education, 5%
@ culture, health

buildin V

Residential
buildings
49%

| ——
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Commercial
buildings
20%
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Analysis of Application Effect

U Type of terminal equipment

fan coil unit
. Ne 0 . ] u floor panel heating
Proportion of the type of terminal equipment
+ floor panel

heating&fan coil unit

30 2% 2% 2%

[ radiant ceiling
n all air system

] water loop heat
pump

= heating radiator

"n + all air

system&fan coil unit

u + floor panel
heating&heating radiator
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Analysis of Application Effect

U Unit and system performance of heat pump : Ground-

coupled heat pump system
Ground-coupled heat pump
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Attention: The COP of heat pump system equals the total heat/cool energ
divided by the energy consumption of heat pump units and water pumps, th

energy consumgtion of terminal eguigment IS not included. S
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Analysis of Application Effect

U Unit and system performance of heat pump :
Underground water heat pump system

Underground water heat
pump
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Analysis of Application Effect

liz

U Unit and system performance of heat pump : Sewage

source heat pump system
Sewage source heat pump

7.00

6.00
6.00 iy
5.00
4.00
400 — |
3.00 — |
3.00 — |
200 | 2.00 — |
1.00 — (L 1.00 — F —
0.00 0.00
Cl C2 C3 C4 C5 C6 C7 cC8 ci1 C2 C3 C4 C5 C6 C7 cCs8
1 COP Unit COP in winter 1 COP System COP in winter
] COP Unit COP in summer | COP System COP in summer

ChinapAcademylofiBuildingiRes



tagausRLk /.
Analysis of Application Effect

U Energy and economic benefits of the project

V Substitution of conventional energy of all
projects is 2277 tons equivalent coal every year

saving V Average savings is 6.3 kilograms equivalent coal
per square meter every year

{ - VAnnual operating cost savings of all projects is
SRS ULES  about 18.5 million yuan

benefits V Average savings is 5.1 yuan per square meter
every year
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Analysis of Application Effect

U Environmental benefit analysis of the project

p

Every year, all greenhouse gases
and polluting gases emission
reduction of test projects is:

, CO, 57216 (tons / year) E.mission
reductions per -
- sQuare e
. Dust meter peryear so, |

0.086kg/" . 0.129kg /

>, SO, 466 (tons / year)

>, Dust 311 (tons / year)

(& J
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Current problems in the promotion

A

1° Research and planning on the suitability of GSHP

The utilization of GSHP is restricted by local source potential and
features. Because of the absence of suitability research on GSHP
Some GSHP systems are used in districts where are not suitable for

them. That leads to the abnormal operation and brings bad impact on

resource and environment.
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Current problems in the promotion

A

2~ Overall optimization study on GSHP is not enough

The optimization of the terminal and geothermal heat exchanger should

be discussed.
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Current problems in the promotion

3" Underground water source system

the use of underground water, we should strictly enforce the laws
such asé Water Law For Chinal & Regulation for the exploring and
protecting of underground water in citiesl to keep the underground
water from pollution and get rid of geological disaster.

é The technique criterion for ground source heat pump system
projectl has already listed the protection of underground water as
mandatory provisions .
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Current problems in the promotion

A

3~ Underground water heat pump

*The problem with the recharging of underground water:
Nowadays, the domestic technique of recharging of
ground water is far from satisfactory.We have difficulty in
recharging all of them back into the aquifer,which result
In a loss in the ground water.

Bifunctional recharge wells: Each well is in the state of recharging
and pumping in turn to prevent the plug of recharging.

Single recharge well: It can effectively reduce the ratio of the
volume of recharging to that of pumping

EhinagAcademyloffBuildingiRes:
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Current problems in the promotion

A

4~ Ground-coupled heat pump
*The problem with the thermal shortcut between the two
branch pipes of the U-tube in a vertical hole

Separating the two branch pipes with a geothermal springs or short
plastic tube.

The increase of thermal conductivity of backfill materials

Meanwhile,the heat exchange with the surrounding soll
will aggravate the thermal shortcut. Therefore, we should make
optimization analysis to choose backfill materials properly.
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Current problems in the promotion
i

A

4~ Underground water heat
pump

*The problem with water quality:In some
districts, the quality of ground water do
not comply with the requirement of
water source heat pump. The measures
should be taken to solve this problem:

Adding equipment for the quality
processing of water™ such as filtera
desander, Sedimentation tanks a electronic
water treatment apparatus .

Applying to Plate heat exchanger for
indirect heat exchange
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Current problems in the promotion

A

4~ Ground-coupled heat pump

*The design and installation of underground heat exchange
We should pay more attention to the test and analysis of the thermal
load of building, the properties of backfilling materials and soil.
Developing simulation software for the design of heat exchanger.
Development of equipment and accessories , U-bend is the important
pipe fittings in the underground heat exchanger, which plays a important
role in the application of U-tube underground heat exchanger such as
leakproof ,damage prevention, plug prevention.
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Current problems in the promotion

A

4~ Ground-coupled heat pump

eImproving the method of thermal response test (TRT):
The thermal properties are important to the design of
ground buried heat exchangers.

Laboratory test sampling :It ignore the influence of factor of the on-
site

On-site test TRT™

Making use technigues such as temperature sensor technologya
drilling and sampling testa infrared thermal imaging technology
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Current problems in the promotion

A

4~ Ground-coupled heat pump

eConstruction of Backfill

The backfill material should be good in thermal

conductivity and pumping,and low in shrinkage
property when losing water, and permeability.
The backfill materials mainly consist of gravela
bentonite and concrete.

We should choose backfill materials according to

the local situations.
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Current problems in the promotion

A

4~ Ground-coupled heat pump

*The problem of heat balance between summer and winter.

If the charging heat in winter is great different from recharging heat in
summer, it will lead to bad operation performance, even leading to
abnormal operation

using GSHP with heat recovery in the area which is larger heat
recharging in Summer

the buried pipe should put in the area where the water velocity is bigger,
and this is good for relief of unbalance

using hybrid system in the areas without underground seepage

adjusting the structure of heat exchanger, increasing the pipe spacing
and the depth could be appropriately reduced if there is enough allowable
area
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Current problems in the promotion

A

5” Sea water heat pump

*The basic information on the temperature and depth of offshore
water is absent.

«Seawater charging and preventing algae problems.

*Requiring development of large scale units
for seawater source heat pump system.
the impact on Water ecological environmentj|

by the heat exchange of the seawater heat
pump Should be considered.
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A

6° The necessary promotional activities are not enough

If the mature technology did not get enough promotion and popular, it also
caused some obstacles for the application of this technology. The
technology of GSHP has not been fully grasped by many designers due to
the higher levels of technology. In the application of GSHFP" we lack the
combination of people in various fields, and lack of mainframe design and
manufacture, system design, operation and management of various aspects
In common
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Current problems in the promotion

%Take Actions

Keep improving the combination of peoples in various fields.

Taking method to develop demonstration project of GSHP (seawater,
sewage, superfluous heat) in national and city level in order to obtain
accurate and reliable technical data which can be used to guide the
design, installation and operation. Then developing GSHP units based
on local condition, improving the product range and specifications

making the application of GSHP popular.
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