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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 the China Ground Source Energy Industry Group Ltd. (HKEx: 08128, China Ground Energy)

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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—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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INVESTIGATION OF INFLUENCE OF
WATER VISCOSITY ON PHYSICAL FIFLD
OF WATER SOURCE HEAT PUMP WITH
PUMPING AND RECHARGING IN SAME

WELL
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Investigation of
Influence of Water
Viscosity on Physical
Field of Water
Source Heat Pump
with Pumping and
Recharging in Same

Well

Author: Wu Qiang Sun Haizhou
Zeng Yifan Liu Shougiang(College of
Geoscience and Surveying Engineering
of China University of Mining and
Technology (Beijing))

Zhou Tao Wang Chongliang(Hebei
Baoding Weimin Architectural Design
Institute Co., Ltd.)

Sun Ji (Ever Source Science &
Technology Development Group Co.,
Ltd.)

This article investigates the influence of
water viscosity in aquifer on physical field
of water source heat pump with pumping
and recharging in same well by taking
Single-Well Heat Exchange Circulation for
Ground Source Energy Collection as an
example, the related physical fields include
temperature field and hydrodynamic
field (water velocity and water head).
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The research results have important
theoretical and practical significance
on the further research of water source
heat pump with pumping and recharging
in same well and the improvement of
utilization efficiency of water source
heat pump with pumping and recharging
in same well, the research method also
has reference value for the research of
influences of factors.

Introduction

A series of problems such as greenhouse
effect and environmental pollution caused by
large scale utilization of fossil energies such
as coal have posed severe challenges to
the sustainable development of human and
also made the development of new energies
which are green and pollution-free put on
the agenda. Shallow geo-thermal sources
as a type of inexpensive renewable energy
sources have a wide range of application
prospects and are mainly utilized by way of
utilizing the low-grade geo-thermal energies
in shallow rock and earth masses through the
utilization of less high-grade electric energy
power by adopting ground source heat pump
technology. The detailed process is: in winter,
the refrigerant is compressed by compressor
and condensed in circulation pipeline, then,
it is evaporated by evaporator and absorbs
the heat in shallow rock and earth masses to
provide heat to be utilized; the circulation in
summer is in the reverse direction™.

The ground source heat pumps mainly
include soil source heat pump, water source



heat pumps, heat pump with pumping and
recharging in same well. Single well of
geothermal energy collection with circulation
heat exchange belongs to the type of heat
pump with pumping and recharging in same
well and is a ground source energy collection
technology independently developed by
our country with complete independent
intellectual property rights, it was successfully
developed by Ever Source Science &
Technology Development Group Co., Ltd. It
adopts a number of independently developed
patent technologies which allow the energy
efficiency to be dozens of times higher than
that of traditional ground source heat pump
and achieves the complete pumping and
recharging technology of underground water
with the same quality in the same stratum'®.
The viscosity coefficient of water in aquifer
is an important factor with influence on
water source heat pump with pumping and
recharging in same well. While the viscosity
coefficient of water can change obviously due
to the factors such as the existence of colloid
in underground water, occasional change of
temperature of water and mixing of oily liquid
into underground water. Therefore, the correct
analysis of influence of water viscosity on its
physical field is significant to the research
of water source heat pump with pumping
and recharging in same well. This article
analyzes the influences of changes of water
viscosity coefficient on the physical field of
water source heat pump with pumping and
recharging in same well by taking the single

REAEE R
CURRENT FOCUS

well of geothermal energy collection with
circulation heat exchange as an example,
the calculation results include temperature
field, hydrodynamic field and water head
field. For the improvement of operation ratio
of water source heat pump with pumping
and recharging in same well, the further
research of influences of relevant factors and
well structures on water source heat pump
with pumping and recharging in same well is
significant.

1 Principles and Models of Water
Source Heat Pump with Pumping and
Recharging in Same Well

The theoretical analyses and simulation
results of water source heat pump with pumping
and recharging in same well are relatively less
both at home and abroad at present, and there
are mostly change rules obtained by actual
measurement of actual engineering parameters
such as temperature or approximate results
obtained by some assumptions made for actual
models. This article establishes the hydro-
geological model and mathematical model of
water source heat pump system with pumping
and recharging in same well by taking single
well of geothermal energy collection with
circulation heat exchange as an example to
lay a solid theoretical foundation for actual
engineering analysis.

1.1 Operation Principles and Hydro-
geological Model

The single well of geothermal energy
collection with circulation heat exchange

13
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as the object of research of this article is a
new type of heat exchange well for shallow
ground source collection created originally
by our country with independent intellectual
property rights, its core components are
the recharging well in upper section and
water pumping well in lower section, the
water pumping section and water recharging
section of well casing are separated by heat
insulation waterstop. The physical process
of exchange of water and heat with a certain
temperature in single well of geothermal
energy collection with circulation heat
exchange is: the water in aquifer flows out
through the wall of upper water recharging
well section of well casing and the gravels
filled outside the well, and then seeps into the
porous media in soils in aquifer outside the
well. While in the well, the water in the upper
section flows into well casing in horizontal
radial direction or flows into water pumping
well in vertical direction, then, the water in the
upper section flows out of heat exchange well
in radial direction along the well axis or flows
out of the well casing in vertical downward
direction to complete the final circulation flow
of water, see Figure 1 for its hydro-geological
model. There are two forms of well divided by
the existence of energy storage grains, i.e.
the well with energy storage grains and the
well without energy storage grains. For the
well with energy storage grains, the flow state
of water in the well is in the form of seepage;
for the well without energy storage grains, the
water inside the heat exchange well casing

14

is free flow water and the water outside the
well casing is seepage water, which makes
its hydrodynamic field more complicated
than that of well with energy storage grains.
It achieves the complete pumping and
recharging of water in the same stratum and
has the advantages of high heat exchange
efficiency and low cost.

When the heat exchange well is working,
in addition to the heat exchange between
water with different temperatures, there are
also heat exchange between solid frames
with different temperatures, heat exchange
between water and solid frame, heat transfer
by convection and diffusion of water and
other forms. In summary, the process of heat
removal from soil aquifer is completed through
heat transfer and mass transfer by way of
water and heat convection and diffusion to
finally transmit the heat in aquifer to machine
room for the use by end devices of users.

Water recharging

Boundary
Darcy flow 1 r
Boundary

L4

o

% Inner boundary

s T Uy — W R R

I L5,

Bottom plate (or aquitard)

—_—

: |
|

Fig.1 Hydrogeologic model of SWGECCHE



1.2 Mathematical Model

The survey region Q is three-dimensional Euclidean
space R®. The flow fields without energy storage grains
are divided into two parts: free-flowing Stokes flow in
pumping wells and Darcy flow in aquifer porous media
outside wells. The aquifer inside and outside flow field
wells with energy storage grains is Darcy flow of seepage
form, and its mathematical model includes partial
differential equation and definite condition®.

Take Fig. 1 as an example, the partial differential
equation in the study region includes flow field and
temperature field expressions. The expression of the flow
field is composed of momentum and mass conservation
equations, and the partial differential equation of the flow
field and the temperature field is expressed in the tensor
analysis method commonly used in mechanics. The
flow field expression (1) of Stokes flow and the flow field
expression (2) of Darcy flow are respectively shown as
follows:

The equation expression of the temperature field
(energy) in the region Q is as follows:

U

Ui, :?ui +f - P (1)

Ui :fui +f —p

;  (Porous media region outside well casing)

(2)

uiytzﬁAzui +U; -u; + f, — p;; (Free flow region inside well casing)
Yol

ui,j :0 (3)
(T, +uT,)=AAT +pq (4)

In the above equations (1)~(4), u——water velocity of
aquifer; t——time variable; i,j=1,2,3——3d Euclidean
space; y——dynamic viscosity coefficient of water; p——
water density; k——permeability tensor of porous media;
f——body force such as gravity, inertia force etc exerted on
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unit mass water; p——pressure on
unit mass water; h——head value of
aquifer; C,——volume specific heat;
A——nheat conductivity coefficient;
T——temperature; g——heating
intensity of heat source.

The volume specific heat C,
of aquifer is wherein calculated
according to the specific heat
weighting of water and solid matrix,
and the weight is one occupying
the space of water and solid matrix
in aquifer. The heat conductivity
coefficient A of aquifer is calculated
according to the heat conductivity
coefficient weighting of water and
solid matrix, and the weight is one
occupying the space of water and
solid matrix in aquifer.

The boundary conditions include
initial time, boundary value and
inner boundary connection etc.
They can be obtained according
to the actual situation of a project.
Therefore, unnecessary details are
not given herein.

2 Impact Analysis of Water
Viscosity on Recharge Water
Source Heat Pump Physical
Field in the Same Well

The impact effect of water
viscosity on recharge water source
heat pump physical field in the
same well is analyzed based on the
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different values in the viscosity coefficients of
water in aquifer, indicating that the viscosity
coefficient of water in aquifer is an important
factor to affect the physical field. The single
well project of geothermal energy collection
with circulation heat exchange is taken as
an example in the thesis to demonstrate that
the accurate viscosity value of water is of
great importance in accurately calculating the
physical field.

2.1 Introduction to the Case

The parameters given by a certain single
well of geothermal energy collection with
circulation heat exchange are defined as
follows: the pumping and recharge flows
both are 25L/s, and the porosity of aquifer is
0.25; the permeability coefficients of aquifer
in horizontal and vertical directions both are
1.70x10* m/s; water density is 998.2 kg/m*
the specific heat of water is 4,182J/ kg*K; the
heat conductivity coefficient of water is 0.58w/
(m+K); the surfaces on the roof and base plate
are watertight; the temperature of outside
the region, roof and base plate is 288 K. The
mathematical model of a heat exchange
well involves partial differential equations
of several functions, and there are no
analytical solutions under normal conditions.
In engineering field, a numerical discrete
method is frequently used to solve. In fluidics
and heat transfer theory, a finite volume
method is commonly used to make numerical
solution, obtaining the results of the flow field
and temperature field. The viscosity values
of water are separately taken 0.00120 Pa-S
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and 0.00125 Pa-S to respectively simulate
and calculate the two physical fields of single-
well of geothermal energy collection with
circulation heat exchange with and without
energy storage grains, thereby obtaining the
isolines of physical fields such as temperature
field, water velocity of horizontal & vertical
directions, head etc. Quantization materials
are provided for analyzing the impact of water
viscosity on heat exchange wells.

2.2 Analysis on Physical Field of Aquifer
in Heat Exchange Wells with Energy
Storage Grains

The viscosity values of water intaking are
respectively 0.00120 Pa+S and 0.00125 Pa-S,
and the isoline of temperature field of aquifer
is the same as the contour map of water
velocity in horizontal, vertical direction, see
Fig. 2. It can thus be seen that there is little
impact on the viscosity change of water in the
temperature field of single-well heat exchange
circulation ground source acquisition system.

The horizontal radial direction of aquifer
temperature is distributed in an axially
symmetric way taking geothermal energy
collection well as center. The farther the
aquifer is away from the horizontal radial
distance of geothermal energy well, the higher
the temperature is. The temperature size
will gradually tend to the initial temperature
value of aquifer. The temperature of aquifer
is reduced little by little with the increase
in depths within 0-15m depth range, and
the temperature will get increased with the
increase in depths within 15-110m depth



range. See Fig. 2(a).

The flow velocity of water in aquifer in the
horizontal radial direction is distributed in
an axially symmetric way taking geothermal
energy collection well as center. The water
velocity is a positive value within 0-58m depth
range, indicating that water seeps into soil
aquifer from a well. The water velocity is a
negative value within 58-110m depth range,
indicating that water seeps into soil aquifer
from a well. The flow velocity of water in the
vertical direction is distributed in an axially
symmetric way taking geothermal energy
collection well as center. A negative value
shows flow velocity downward, and a positive
one displays flow velocity upward. Most of
aquifers are negative values, i.e. flow from
backwater section of the upper to the pumping
pipe section of the lower. See Figs. 2(b)-(c).

0.00120 Pa+*S and 0.00125Pa-S viscosity
values of water are taken to obtain the contour
map of head in aquifer through simulation.

Temperature

2878
28486
2814
2782

(a) Temperature Contour Map (unit: K)
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Velocity
0.000001
0.000000
0.000000

-0.000000

-0.000001

-0.0000005
-0.0000005

100
110 ke

(b) Contour Map of Water Velocity in Horizontal
Radial Direction (unit: m/s)

0 20 X 40 60 80

-0.00000055 =
-0.0000010

Velocity
0.0000010
8 -0.0000010 =Sl ; 0.0000005
; 0. 0.0000000
-0.0000005
-0.0000010

(c) Contour Map of Water Velocity in a Vertical
Direction (unit: m/s)

Fig. 2 Contour Map of Recharge Water Source Heat
Pump Temperature, Velocity in the Same Well with
Energy Storage Grains
Relative head values are adopted in the
thesis, i.e. the static head value of aquifer
before operation of system is 0, and the head
value during the operation of the system
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indicates the relative value of total head compared with pre-operation. It can be seen from Fig. 3
that the head in a horizontal radial direction is symmetrically distributed taking geothermal energy
collection well as axle. The head near the geothermal energy collection well with 0-30m depth
is positive value, and the rest is negative values. The result is mainly because of higher water
pressure in backwater section, larger flow velocity, negative pressure in pumping section and
head loss incurred by water seepage circulation.

-1500

20¢
40
60 ¢

sog Pressure

3000

. 750
-1500
-3750
-6000

(a) Contour map of water head of aquifer (b) Contour map of water head
(u=0.00120 Pa - S) (u=0.00125Pa - S)

100

110&

Fig. 3 Contour map of water head about
SWGECCHE containing accumulator ball (unit: Pa)

2.3 Analysis on physical field of aquifer of heat exchange well without energy
storage grains

The physical field of single-well heat exchange circulation system for ground source energy
collection without energy storage grains at different water viscosities is obtained from simulation
calculation. The result includes contour map of temperature filed and contour map of water
velocity. The symmetric feature of temperature distribution is same with that of system with energy
storage grains in 2.2. However, distribution of temperature filed is greatly influenced by viscosity.
In figure 4(a), if the viscosity is 0.00120Pa-S, distance between 287.8K isotherm and well axis
is 17m. In figure 4(b), if the viscosity is 0.00125Pa-S, distance between 287.8K isotherm and
well axis is 20m. In figure 4(a), depth of 281.4K isotherm is 37m and in figure (b), the depth is up
to 40m. Thus it can be seen that the temperature field of ground source energy collection well
without energy storage grains is greatly influenced by viscosity. Combination of experiment and
numerical simulation can accurately calculate the result.
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(a) Contour map of temperature
(1=0.00120 Pa - S)

100

Temperature
2878
2846
2814
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(b) Contour map of temperature
(u=0.00125Pa - S)

100

110

Fig. 4 Contour map of temperature about
SWGECCHE without accumulator ball (unit: K)

Contour maps of water velocity at different
water viscosity coefficients are shown in figure
5. It can be seen from figure (a) and (b) that
horizontal and radial velocity field is distributed
symmetrically with well axis as center. When
viscosity coefficients y are 0.00120 Pa-S and
0.00120 Pa-S, contour maps of flow velocity
in radial direction (a) and (b) are different.
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Besides, average velocity in map (b) is higher
than that in map (a). Thus, it can be seen
that change of water viscosity coefficient
influences flow velocity field of single well of
geothermal energy collection with circulation
heat exchange. If the viscosities of water
are different, contour maps of horizontal
and radial flow velocity and water head also
change. No more expatiation here.

s -0.000001 01 ).0000010,

-0.0000010 ‘ 0.0000010}

¥ -0,0000010] Velocity

- 0.0000010
\ 0.0000005
| 0.0000000
0.0000005

0.0000010

(a) Contour map of water velocity in radial
direction(u =0.00120 Pa - S)

-0.0000010,

-0.0000010] ‘

'.0.0000010] Velocity
0.0000010
-0.00000054 0.0000005
i 0.0000000
-0.0000005

0.0000000. -0.0000010

(b) Contour map of water velocity in radial
direction(u=0.00125Pa - S)

Fig. 5 Contour map of water velocity about
SWGECCHE without accumulator ball (unit: m/s)
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2.4 Summary

It can be seen from above results that
influence of water viscosity on physical field
of SWGECCHE is as follows:

If the well is full of energy storage grains,
temperature field and water velocity field of
aquifer are almost unchanged; water head
distribution of aquifer is changed at certain
degree.

If the well has no energy storage grains,
temperature field, water velocity field and
water head field of aquifer are changed at
certain degree. Because there is free flow
area of well water and seepage area in soil,
the influence of water viscosity on physical
field of heat exchange well without energy
storage grains is complicated.

Loss of water head of heat exchange well
with energy storage grains is higher than that
without energy storage grains. The influence
of water viscosity coefficient on physical field
of SWGECCHE is complicated.

3. Conclusions and suggestions

(1) There is a little accurate quantitative
analysis on single well of geothermal energy
collection with circulation heat exchange
which is a development mode of green energy
resources with wide application prospect. This
paper analyzes influence of water viscosity on
physical field of well with and without energy
storage grains in detail. The result has general
significance to analyze water source heat
pump and SWGECCHE in the future.

(2) The influence of water viscosity of
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aquifer on physical field of single well of
geothermal energy collection with circulation
heat exchange without energy storage grains
is more complicated than that with energy
storage grains. More research shall be carried
out for single well of geothermal energy
collection with circulation heat exchange
without energy storage grains.

(3) The water viscosity coefficient can
be obtained from empirical formula. The
arithmetic mean or fixed value can be
taken. The water viscosity coefficient shall
be comprehensively determined based on
underground water colloid quantity and type,
change rule of water temperature, oily liquid
in aquifer and other factors.

(4) Besides the water viscosity coefficient,
other parameters, such as hydrogeology
parameters, thermal physical parameters,
geometric structure of well and stratum
configuration also greatly influence physical
field distribution and heat exchange efficiency
of SWGECCHE.

References:

[1] Sun Haizhou, Wu Qiang, Zeng Yifan, Cao Bin et al.
Ground Source Heat Pump and Development in the Future
[J], China Ground Energy, 2014, No. 4, pp 38-43

[2] Beijing Local Standard. Engineering Technical
Specifications for Single Well of Geothermal Energy
Collection with Circulation Heat Exchange[s], Beijing
Municipal Administration of Quality and Technology
Supervision, Dec. 2011, No.: DB11/T 9350-2012

[3] Ma Tian, Theory and Method of Partial
Differential Equation [M], Beijing: Science Press, 2011:
pp 373-389



CURRENT FOCUS

hEhEE “+=R"

ZEBiRiEir

BRIEFF ANALYSIS ON CHINA GROUND
SOURCE ENERGY DEVEL.OPMENT GOAL

OF 13TH FIVE-YEAR PI AN

18E: Mk (FEBEFRARSHACIERS)

FEEBABST=ARFIHNR, BxRERBRE
B9 (PEMHREFEFA “+=1" ML) ERK. EE
BxrpEEN, BHEMAKRNKREEIHER, FEIHEES
MY FIELEERHIBE.

—. liEHRRHHERE &

20 3k, NMAMIRARRAFRMEE (FREHEE)
Fel T HRIARIFBE . —BEZS R R R
IR R —IRFEIBIKAIENL:, AMRERRRE S 75
NEERER. AF RN RMASERRRE, H1IFH
H 20 F (1995-2015) ARHIE, REERIFRRRE
ORI SR EERIHE, W03k 1 P, R ALERAEERAD

115 1995-2015 FMFHAR SR E R ARETE (MWL) BxTEE

1995 | 8664 (100%) (21 1?204/0) (2295?;(1) 4231 (48.8%)
2000 15145 (100%) (3512;% ) (2312_230) 6607 (43.6%)
2005 28269 (100%) (;ii%/z) ( 1453230) 8516 (30.1%)
2010 48493 (100%) (ggéﬁ% ( fﬁ?ﬁé | 7863 (16:2%)
2015 70329 (100%) (‘7‘8%%2) ( 0 ) (1 5%70/50)

WAEZANBREARET, REiiR

PERFWH HRISFIRIER YRR
=

70N o

WRAREAEHR LG5 AR
ERRA, XETEMBARE N &
SHBEIUIAR, AT HESHRSESR
BRFE D IRE SRR EED,
N 20 tHEERE 21 ML ERAH
BEIRAVEKAT, HEME T HRIIRHR
RTE 2015 FHNELE 15 F 20% WUEF
BRER, REZRILFEABNKEIER
RIS, (ERBEERNSEARES
Prim%, HRBIRFRAOFBRELE
XAFREZE 9%

BRIV FRAERBSE 7 iR
RRABNERRERE, BFZRET
EREENMNEARES. 5 FithRER
RIXRERENFHNHEBRRRRAY
HekEE BR. BE. SEN=ZSG
ERETEZR. FTLUERARTEE.
RHMCBADET K, DERERET
S, HAVERE 1 FitRAR

21




REREER
CURRENT FOCUS

FEERPIREERN BT ARG, MATLUEREL | MRARE 21.4%-34.8%-54.4%-68.3%-
70.9% HOFFERIBIR, 1XFe01BE T H S IEER RS2 DFIF AR R B BB S AR ELaiH .

=. PEERF L+ FE @R

(hEARHFMETBERERE) T 2006 F 1 B 1 X, SFERLEAITHESE, B(IAWHLm
X 10 FHEMARIAREYE. PEAEER 10 FRAR, DEAFTE - FH—FSMNEE. HP
BRI B EFERNZE 2, XESRERAINILE  AKBILLHRE | RREBSET. BEME
MUKFFIBRIR R ; AR ERNRRIARE | EEFERRER VEHAIRRE .

x 2 hEBHHAEF XFA+FERRE T

A 27.78MWe=277.8MWt 24.48MWe=244 8MWt 27.78MWe=277.8MWt
B 767 5 7, 1.007 12 m?, 3.304z 7,
631MWt, 6569TJ/a 5210MWt, 29035TJ/a 11781MW,100311TJ/a
AR 960 75 m?, 550MWi 3020 75 m?, 1040MWi 6032 75 m?, 2940MWt
BhE 103 MWt 132.8 MWt 154 MWt
IKF=FIE 174 MWt 196.1 MWt 217 MWt
BRIEAEST 1991 MWt 1826.3 MWt 2508 MWt
HE U 238 MWwi 492.8 MWt 270 MWwi
BEANRDT 3687 MWHt, 45373TJ/a 8898 MWi, 75348TJ/a 17870MWt,174352TJ/a
2015 FHEMRARE G HAEREF BN 65.9%, e ttRINAEERE  BREFEHRFYE.

M, HEMEBEARREFNBIECEERE—, KEMRARINRESTERERE ", URTEE.

22



& 2 FiIEE AHER R AR ENHTF, xR
EN B —FREIE, %2015 FRILFENE, NIERIFERRR
FIFEBI 41ZF 5K, 1RE B ECBIY 6 HIKEHRE(10°'MWL),
FFIFAHEEE 39.4 BIKEE (10°Td ).

HANEATLUE—TE 3, MEERIURKER, HEDIRR
REMNEGRIMRR BB R BrhiRamE, el TiE
LA CERARE. ST X 20 FROREEM, F(BRENIEER
KAIFbS o

14000

12000

g

g

RUER MW

o ARRHE

o3 —

oamgn

B :F_\ Lh’
o
2000 2005 2010 2015

3 EMERREE R AR EZFIAEEYER

=, “+=R" e R R BIRER

EReBEBEHmT T ( PEMMEEFEZFA “+=31" #x)
(kBN ), £EF RIS BAERRRE a5 7 X EEFIAPREE,
=R ELTISHREE, XEREFEMBAFIMEEF L
NES,

(PEMAEFTFARE “+=81" ML) (ERkERTE)
‘+=FR" HI SIS VEIEETR 0.512 m?, EohithiRHNERE
FE 712 m?, EIHRVERERTIE 2.5 2 m,

EFMYEZEfR, YBRERIWKNEmGELXREHE,
MIRJLAY “+=R" B+ EBEEEEBN AR

1. ZfE s, BXaif

HIERERETIE 7 2 m?, XEEREFERR, BEEEAMkK. &
IR 20 F£8, hFEMFERENEEIES, WNEIX, &7 imE
HREENSEARE, XHEHREYERPIBIRAE 20% £4A,
MEEFSFERMEERBIL T 40%, LHER—E, BE, 3

REAEE R
CURRENT FOCUS

MEBHE A, FEEAOS.

2. @HELmEIXE, 4
w5 S —

BT 2010 FHFRMBHAK
SHIFN ;- BT —J@ 2015 Fi
R ARSI P EIMRERRIVE
FABgEEBEgxEE, 2015F
XPMBEWRRALM T, REEE
P EAREESSENE2
HRE—, EBER, ZEHER
RHNEEHBKRX5FENA
7% (B—15F %2 13%),
2014 FEEMRARDZES
£ 16800MWt, R 435 7%
AOFIBRER, WEZE 2020 £%
& 25200MWt 5 BRINEEIRE
2 13% BOFEER, MZE 2020
%5 34980MWt, AT,
2020 FESEM 1112 m’ 19
REBWR, WE¥E 35340MWt
RERE, FFUPEREN—EB
WEET.

3. MR AP, HFERF
RESI

MOIRINER 5 EFIE 7 12 m?,
IHEFEERR1.412m°, =
AZR22016FEM 2, X
SCER AP . BEMNDIT—T
SENER  HEMRARNA
M 2004 FEHY 767 5 m? B
2009 £ /19 1.007 12z m?, HF
HFERFIBRESE70% ; N
2009 £/ 1.007 12 m’ B 5
2014 £ §9 3.3 12 m* 1 2015
FW412m’, FHERHEK

23



RHAEER
CURRENT FOCUS

TR 2T%. RN “+ZR" KH 412 m* 1B
3 “+=R" KW 112 m?, WEBFFERH
IBIKRE 23%, XAKE, XTHFEEHREL
WAT o

4. IS, 271580

R +=1" MK EERERESIIIXS
KEMNERIIEAHE, EREMARFRESH
Mi&, LAEZRBZAN B ZETENBirE A
BELIl, EtmLFEEETWEICHEE,
EHLE, BRETOPHE, ETHE, TERS
ZHEII.

5. RN e B BURAIRHB S

BIESFWT 712 m” HF 18 B ARHE
BTORERES, BMNEIFERMLITEER
R LR D285, B0 10 FRnLBRTH BT T
PrEMEENEMBERLERAR, SEEAN
g 2L B0E DR AER MR 5 WAEROX T BUF
N ‘FEERIRE BETHENEERNES
REMWRARMENG S, WMERRAEES
Nz R AR SR BE RN S ; X BRI TS
EMFERRABLERBEN, TF, XLH
RENBERNERERMSE, RAHEHT I
BER BRYARE o

MEXFERES—1TEELHE, HRARE
ZYTFERTNRE, ERAFHIFESEATET
R, FEEXRBDEE-—LSHRS, WHAR
MENSIERS, WpihRAm NNt )5 % s,
IR EEFLEIREM A RE, WIRMIMIRD S
MR, REEMIIMATHEFS, X
LRXREAKEL I LUSIFIRARETIE
IR A R .

PRk, ‘“+=h0" HaiEitbee T AR
RS, e, RB2TIWEOCEE,
fkere HAE, FEUEERIF) ISR E NS
AIRIAZ .

24

Brief Analysis on China
Ground Source Energy
Development Goal of
13th Five-year Plan

Author: Zheng Keyan (Geothermal
Committee of China Energy Research
Society)

As China has entered the era of the
13th Five-year Plan, National Energy
Administration is absorbing and collecting
relevant opinions and comments for
preparing the 13th Five-year Plan for
Exploitation and Utilization of Geo-thermal
Energy in China. Considering the geo-
thermal energy industry has developed into
a prototype in China, it will play a more
important role in the new planning.

I. Global Development of Ground Source
Heat Pump

Over recent 20 years, the application of
ground source heat pump to exploit the
geo-thermal energy (shallow) has broken
a new ground for the global geo-thermal
energy undertaking. After over a hundred



year of gentle and smooth development,
the global geo-thermal industry initiated the
exponential leap development based upon the
ground source heat pump. The World Geo-
thermal Conference has been held 5 times once
every 5 years, from which we observed the
geo-thermal development data of 20 yeas (1995
to 2015) to identify the excellent achievement
won by the international ground source heat
pump in the geo-thermal field. As shown in
Table 1, among the conventional geo-thermal
heat supply and direct utilization of geo-thermal
energy in the steady development process,
only the ground source heat pump developed
by leaps and bounds from the weakest to the
strongest.

Table 1 Comparison of Global Installed Capacities
between Ground Source Heat Pump and Geo—thermal
Direct Utilization (MWt) during 1995-2015

1095 8664 1854 2579 4231
(100%) = (21.4%) = (29.8%)  (48.8%)

oo00| 15145 5275 3263 6607
(100%) = (34.8%) (215%)  (43.6%)

o005 28269 15387 4366 8516

(100%) = (54.4%)  (154%)  (30.1%)

48493 35236 5394 7863

2010 (100%) = (68.3%) @ (11.1%)  (16.2%)

70329 49898 7556 12875

2015 (1o0%) = (709%) @ (10.7%)  (18.3%)
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The ground source heat pump is
applicable anywhere in the world, and
is also the single technology with the
highest capabilities of energy saving
and emission reduction. The goal of
reducing the environmental pressure
from the mission of greenhouse gas
to relieve the global warming and the
prices increase of traditional petroleum
energy from the late 20th century to the
early 21st century jointly contributed
to the annual increase of 20% of the
global ground source heat pump for
continuous 15 years before 2015. Just
because the continuous decrease of
petroleum price over recent years, the
renewable energy resources entered a
less rapid development stage and the
annual increase rate of global ground
source heat pump was reduced to 9%
in 5 years.

Although the developed countries
have slowed the development pace of
ground source heat pump utilization
over recent years, most developing
countries have been ramping up.
Thailand, Egypt, India, South Korea
and Mongolia obtained the fastest
growth rates of installed capacities
and annual utilization of global ground
source heat pumps over recent 5 years.
In view of this, the global ground source
heat pump has been still expanding
its advantages in terms of the energy
saving and emission reduction and
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more widely accepted over the world. As
seen in Table 1, the proportion of ground
source heat pump in the total geo-thermal
direct utilization capacity shows a continuous
growth from 21.4% to 34.8% to 54.4% to 68.3
to 70.9%, which fully illustrates the global
geo-thermal utilization will still go ahead on a
strong and durable development trend.

II.Review of China Geo-thermal
Development for Ten Years

The Renewable Energy Law of People’s
Republic of China was put in force on
January 1st, 2006, and it is the 10th
anniversary of this law enforcement this

year. Hereby we give a review of the geo-
thermal development data over 10 years
in China. After 10 years of development,
China’s total geo-thermal capacity has
more than doubled once every 5 years. In
Table 2 showing the specific data among
different types of geo-thermal utilization, a
comparison contrast lies in: little progress
in geo-thermal power generation; steady
and slow development in spring bath for
medical care, greenhouse cultivation and
fish farming; quite rapid development in
geo-thermal heat supply; and the only
development by leaps and bounds in
ground source heat pump.

Table 2 Statistics of China Geo—thermal Exploitation and Utilization over Ten Years

Geo-thermal

. 27.78MWe=277.8MWt
power generation

24.48MWe=244.8MWt

27.78MWe=277.8MWt

7.67million m?,
631MWHt, 6569TJ/a

Ground source
heat pump

0.1007 bilion m?,
5210MWt, 29035TJ/a

0.330 billion m?,
11781MWt,100311TJ/a

Geo-thermal heat

m 2
supply 9.60 million m*, 550MWt

30.20 million m?, 1040MWt

60.32 million m?, 2940MWt

Greenhouse

cultivation 103 MWi

Fish farming 174 MWt

Spring bath for

medical care 1391 MWt

132.8 MWt 154 MWt

196.1 MWt 217 MWt

1826.3 MWt 2508 MWt

Other types of
geo-thermal
utilization

238 MWt

492.8 MWt 270 MWt

Total capacity of

direction utilization 3687 MWt, 45373TJ/a

8898 MW, 75348TJ/a

17870MWt,174352T J/a

26



In 2015, the ground source heat pump in China has
accounted for 65.9% in the total capacity of geo-thermal
direction utilization, which followed the world’'s development
trend but was slightly lower than the global average.
However, China has the world’s first yearly geo-thermal
utilization rate of ground source heat pump and the world’s
second capacity of ground source heat pump following the
United States.

The data listed in Table 2 comes from the statistics by the
end of previous year reported by China to the World Geo-
thermal Conference. According to the actual data in 2015,
our utilization rate of ground source heat pump exceeded 0.4
billion 2, the installed capacity exceeded 6x10*MWt, and
the annual geo-thermal utilization rate reached 39.4x10'TJ.

Besides, as seen from Figure 3 below, our geo-thermal
industry initiated the exponential leap development under
the global development model, standing out from the

Figure 3 Exponential Development of Ground Source Heat
Pump Beyond Geo—-thermal Power Generation and Geo—
thermal Direct Utilization in China
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traditional geo-thermal power
generation and other types of
geo-thermal direct utilization.
Based on the past 20 years
of efforts in the geo-thermal
industry development, we
are capable of facing greater
challenges in the future.

I1l. Brief Analysis on China
Geo-thermal Energy
Development Goal of 13th
Five-year Plan

The National Energy
Administration prepared
the 13th Five-year Plan for
Exploitation and Utilization
of Geo-thermal Energy in
China (draft for comment).
Considering the support of
renewable energy resources
focused on the wind power
and solar power before, this
13th Fiver-year Plan focusing
on the geo-thermal energy is
no doubt a favor to China’s
geo-thermal and ground
source energy industries.

In the 13th Five-year Plan
for Exploitation and Utilization
of Geo-thermal Energy in
China (draft for comment),
during 13th five years, it is
proposed to newly construct a
geo-thermal heat supply area
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of 0.95 billion m? among which 0.7 billion
m’ is newly added for ground source heat
pump and 0.25 billion m? is newly added to
conventional geo-thermal heat supply.

Based on the objective of this plan draft
and reviewing the world’s current situation
and China’s development history, we hereby
conclude as follows from the 13th Five-year
Plan for Exploitation and Utilization of Geo-
thermal Energy in China:

Unprecedented grand goal

The new addition of 0.7 billion m* ground
source heat pump is not only a grand goal
but also a huge challenge. Over the past 20
years, Chinese ground source heat pump,
growing out from nothing and expanding
from small to large, has been taking the
high-speed development trend far ahead of
the world, during which the world’s yearly
average accumulated growth state was
about 20%, but that of China exceeded 40%,
almost twice than the world. Now we needs
to continuously leap forward without break.

Absolute No.1 overtaking the United
State from all sides in the future

On the World Geo-thermal Conference
in 2010, | predicted that: by the next World
Geo-thermal Conference to be held in
2015, the annual utilization capacity of
ground source heat pump in China will
exceed the United State. In 2015, this
prediction came true, but the total installed
capacity of the ground source heat pump in
the United State was still the world’s No.1.
However, the yearly accumulated growth
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rate of ground source heat pump in the
United State over these 5 years was 7%
(previously 13% over the last 5 years),
and its total installed capacity in 2014 was
16,800MWa1. If this 7% yearly growth rate
is maintained, the total installed capacity
of the United States will reach 25,200 MWt
by 2020. If the 13% yearly growth rate is
restored, its total installed capacity will
reach 34,980MWt by 2020. However, if
China achieves the goal of 1.1 billion m?
by 2020, it will obtain an installed capacity
of 35,340MWt, surely overtaking the
United States by then.

Great challenge to be faced but
possibly achieved

The goal of newly constructing 0.7
billion m* of ground source heat pumps
means that 0.14 billion m® needs to be
constructed on average every year, which
poses a great challenge as it is almost
twice that that in 2015. However, based
on the analysis of China’s geo-thermal
development history, our applied ground
source heat pumps increased from 7.67
million m? in 2004 to 0.1007 billion m? in
2009, with a yearly average accumulated
growth rate up to 70%; and then increased
from 0.1007 billion m? in 2009 to 0.33
billion m? in 2014 and 0.4 billion m? in
2015, with a yearly average accumulated
growth rate up to 27%. If 0.4 billion m? in
the end of 12th five years increases to 1.1
billion m* by the end of 13th five years, a
yearly average accumulated growth rate of



23% is needed, which may be achieved as
seen from the above data.

Cherishing rate opportunity and fully
striving for progress

The 13th Five-year Plan for China geo-
thermal development carries the huge
expectation from the national energy
authorities and also the rare opportunity for
China’s geo-thermal industry. The possible
achievement of the goal of utilizing the
shallow ground source energy with the
ground source heat pump also do needs
the joint efforts from all colleagues in the
domestic industry. The thorough success
owes to the full strive for progress.

Calling for policy completion and
scientific and technical support

The goal of newly constructing 0.7
billion m? in 5 years is truly a very
overwhelming task, so that we call
for the national and local great and
continuous support in terms of the
policies. For instances, 10 years ago,
Shenyang Government introduced the
application of ground source heat pumps
in all newly-constructed buildings and
gradually reconstructed the planned
buildings with the heat supply system of
ground source heat pump. Right now,
Wuhan Government also proposes a
Warn-in-Winter and Cool-in Summer
Project, in which the ground source heat
pumps are introduced for heat supply
and cooling in all newly-constructed
buildings and the existing buildings are
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also gradually equipped with ground
source heat pumps for heat supply and
cooling. Moreover, the electricity price
for civil use is stipulated in some local
regulations for ground source heat pump,
etc. These governmental policies give
the huge material support and greatly
promote the development of geo-thermal
utilization.

As to the scientific and technical
support, in spite of 10-year popularization
and development of ground source heat
pump, its technology does not reach a
complete and perfect level. Besides,
many related topics are still under the
further research, such as the reasonable
increase of heat pump efficiency,
improvement of the field thermal
response test methods, backfill materials
and performance of buried pipe drilling,
monitoring of ground source-side geo-
thermal field and model prediction, and
the cost saving for system integration,
etc., of which the progress can support
the entire industry of ground source heat
pump toward the healthier development.

To sum up, our geo-thermal energy
industry will face multiple opportunities
and great challenges during the 13th
five years. As long as we continuously
strive for progress with one heart and
one mind throughout the entire industry,
our undertaking of geo-thermal energy
utilization will surely enjoy a brighter
prospect.
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Deepening Adjustment of Energy Structure
with Proportion of New Energy to Be Increased

Written by/special correspondent: Li Jing

China is the largest energy consumer and the
largest energy importer in the world, and takes
coal as the main energy. The data shows that in
China's total energy consumption of 2015, the
coal still accounts for over 60%.

Inherent energy structure still needs adjustment
In view of resource feature of China of
rich coal and lack of oil and gas, China has
few choices, therefore, the energy structure
dominated by coal is rational to a certain degree.
Especially in previous fast growth of economy,
the rapid growth of energy demand brought
substantial increase in coal utilization.

Even so, the efficiency of energy utilization of
our country is relatively low, it's 33% only, which
is 10 percent points lower than that of developed
country. In addition, the gross recovery of
mineral resources of our country is about 30%,
which is 20 percent points lower than foreign
advanced level.

Based on international experience, after
economic growth comes to the capital-intensive
industrialization stage, the potential will be
further released, and the consumption of
energy and resources will have high growth

inevitably. As one large developing country with
a population of 1.3 billion, China’s development
and utilization of energy and resources is still at
the expense of high consumption and damage
of land, environment and resources to a great
degree. Therefore, China’s energy revolution
should be pushed urgently.

Lin Bogiang, the President of China’s Energy
Policy Institute of Xiamen University has said
that the future adjustment of China’s energy
policy should be a fluctuation process for coal
and clean development; however, except for the
policy of the government, it depends on growth
of energy demand to a great degree.

He believes that the proportion of oil and
water and electricity consumption in total energy
consumption will be kept stable for quite some
time in consideration of energy feature and
safety of China. In energy structure adjustment,
the real change is the reduction of coal and the
increase of clean energy such as natural gas,
nuclear power, wind power and solar energy,
etc.

In fact, the related energy policies are
pushing the “no coal” process of China’s
energy structure. By the end of 2014, Strategic
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Action Plan of Energy Development (2014-
2020) issued by the State Council provided
the route of optimizing energy structure of our
country, namely reducing the proportion of
coal consumption, improving the proportion of
natural gas consumption, vigorously developing
such renewable energy sources as wind power,
solar energy and geothermal energy, and
safely developing nuclear power. In 2020, the
proportion of coal consumption will be controlled
within 62%, the proportion of oil consumption
is 13%, the proportion of natural gas will reach
10%, and the proportion of non-fossil energy in
primary energy consumption will reach 15%.
Meanwhile, the local government also issued
support policies for new energy, and formulated
multiple policies relevant to energy price
reform. For example, Beijing City promulgated
Beijing City Management Measure of Financial
Incentives for Distributed Photovoltaic Power
Generation. The Method indicated that, for

grid-connected distributed photovoltaic power
generation project, from Jan 1, 2015 to Dec
31, 2019, the municipal finance department will
give a award of RMB 0.3/KWH (tax inclusive)
and lasts for 5 years based on the actual power
generation. This Measure is seen as a huge
boost for the distributed photovoltaic power
generation and even China’s whole photovoltaic
industry, which is expected to evolve into more
remarkable demonstration effect nationwide.

With the economic transition and upgrading
of China coming into the new normal, the
transformation of energy consumption structure
will be deepened gradually in the context of
low carbon development and increasingly
strengthening environmental pollution (haze)
control.

Current utilization of new energy

New energy industry develops very fast
in China. According to New Energy Industry




Revitalization and Development Planning,
the planning period for development and
utilization of renewable energy sources such
as nuclear energy and wind energy as well as
transformation of traditional energy system such
as coal chemical industry is from the year of
2009 to 2020. It is expected total investment in
new energy field of China up to 2020 will exceed
3,000 billion Yuan.

Objectively speaking, however, in a
relatively long future period, coal will remain
the most significant energy product. In view
of the important role of coal in energy, clean
combustion of coal shall be the most direct and
important energy technology renovation project.

At the same time, new energy covering a wide
range including solar energy, ground sources,
wind energy, ocean energy, biomass energy and
nuclear fusion energy are becoming effective
supplement to traditional energy resources
and playing irreplaceable roles by virtue of
advantages among others environmental
protection, low price and renewable nature.

So, what is the state of development of new
energy in China at present?

Zhao Xingang, an expert studying energy
economic theory and policy and a professor
of College of Economic and Management of
North China Electric Power University, told the
journalist that "on the whole, China is making
great efforts in new energy and clean energy
resources, which are facing good situations for
flourish".

Firstly, as clean energy, nuclear energy is
one of China most important power generation
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sources, second only to coal and hydroelectric
power generation. 2015 is the first year for
China's restart of nuclear power, 8 nuclear
power units in total are approved in the year.
New nuclear construction project in China is
expected to reach summit in 2016. Amid the
13th five-year plan period, 6-8 new nuclear
power stations will be built in China. In addition,
according to the plan, nuclear power generation
capacity every year of China to the year of 2020
will increase to 40,000 MW. At that time, China’s
installed nuclear power generation equipment
scale in service will rank the global 3rd position,
following American and France.

Solar energy is clean and renewable resource,
has been already widely used in China,
especially popular in solar water heater. In
addition, solar cell and other technologies are
increasingly more mature.

Hydroenergy is mainly used for power
generation, and has already been used in large
scale by far. Xiaolangdi Hydropower Station and
Liujiaxia Hydropower Station are examples for
earlier use; while Three Gorges Hydropower
Station is the example for large-scale use. These
hydropower stations contribute energy security
to economic construction.

In addition, wind energy utilization of China has
also became relatively mature. As pointed out in
China's wind power development report, if fully
exploited, China is capable to realize 40 million
KW installed wind power capacity to the year
of 2020, when, wind power will exceed nuclear
power and become the third largest power
sources of China. It is widely used in areas rich
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in wind energy resource such as Gansu.

The long coastline of China breeds rich tidal
energy resources. Tidal energy is the water
potential energy formed owning to seawater tide
rise and fall caused by attraction of the sun and
the moon to the earth and autoroatation of the
earth. After 40 plus years development, China
has built 8 tidal energy power stations suitable
for long time running.

It is hydrogen energy that another clean
energy undergoing study climax across the
world. China's National Medium and Long-term
Science and Technology Development Planning
Outline (2006~2020) presents to lay emphasis
on development of manufacturing, transport,
storage and other techniques of hydrogen
energy. In the field of hydrogen energy, China
also has gained many important results, both
fuel cell and fuel automotive technologies have
been mature.

China is also abundant in geothermal
resources. According to statistics of geothermal
exploration data, total geothermal resources of
China is converted to standard coal 853.2 billion
tons, the amount may be exploited equals to
standard coal 256 billion tons, mainly distributed
in east and southwest parts of China.

Compared with wind energy and solar
energy, etc., geothermal resource is not
subject to disturbance of external factors such
as season, climate and diurnal change, and
is a kind of practicable and competitive new
energy suitable for power generation and
heating supply, etc.. Data shows that in energy
consumption structure, every 1 percent increase
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of geothermal resource consumption equals to
replacing 37.5 million tons and reducing about
94 million ton emission of carbon dioxide.

With the development of technology,
geothermal energy utilization in China gradually
develops to multiple heat energies utilization
direction from sole “geothermal energy”.
According to “13th Five Year Plan Beijing New
Energy Transformation Development New Blue
Print” in “2015 Beijing Energy Forum” stated
by Zhang Guohong, deputy dean of Beijing
Development and Reforming Office, Beijing will
focus on solar energy, geo-thermal energy and
earth energy heat pump utilization, to promote
renewable energy sources new step over. Try to
make new energy and recycle energy account
for about 8% share in total energy consumption
by 2020.

In fact, Beijing, Tianjin, Hebei and Shandong,
these locating at Circum-Bohai Sea Economic
Zone are widely distributed with many and large
guantity geo-thermal reservoir, and this zone is
the largest geo-thermal resource development
zone. Taking Xiong County, Baoding, Hebei
as example, the local government works
with enterprises to utilize indirect heating and
technology of mining and irrigating combination,
to successfully establish the first “smokeless city”
in China. More than 90% area of Xiong County
uses geo-thermal energy, and the heating supply
reaches 3.38 million m*

On the whole, China new energy and clean
energy development has met god-given
opportunity. At present, China has developed
comprehensive development and utilization



energy structure in respect of coal, petroleum,
natural gas, new clear, hydroelectric, and earth
energy, however it still greatly relies on primary
energy. Therefore, improving orderly and
healthy development of new energy still requires
a series of favorable and incentive measures in
terms of technology, fund, and relevant policies
issued by government.

Opportunity and obstacle for new energy

In recent years, new energy development in
shows new development trend, that is the crude
oil share has no change, but natural gas share
increases, coal share reduces greatly, and the
share for new clear and hydroelectricity share
rises modestly, and the renewable energy share
increase greatly.

Even though, China energy consumption
structure reformation still stumbles on its
way. Lin Bogiang, the President of China’s
Energy Policy Institute of Xiamen University,
believes that “coal removal” in Chinese energy
consumption structure is difficult. If energy
demand negative growth similar to that in
2015 occurs, it is relatively easy to reduce the
share of coal in energy structure, but it there is
another energy demand exceeding 3%, China
would have to increase coal consumption. He
also stresses that energy structure reform still
depends on energy system cost, and this cost
change’s impact to economy, and other factors.

At the same time, professor Zhao Xingang
also presents two obstacles to new energy
development. On one hand, new energy
development technology is dominated by
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medium and low technology. Taking wind power
generation technology for example, although it
is the fastest developing new energy industry in
China and it has already has complete machine
production capacity for wind turbine lower than
1.5 MW, however production technology barriers
on some core parts, such as bearing, converter,
control system, gear box, etc. are still there.
Besides, as there is no established intelligent
power grid, no advanced grid regulation and
control and dispatching technology, it still is a
technology barrier on renewable energy power
grid connection.

On the other hand, it lacks financing
mechanism. Though Chinese government
constantly increases financial budget, promotes
green loans through banks, and actively
promote contract energy management,
international CDM transaction and other new
funding modes, as well as actively cooperate
with international finance system, even begins
to establish environment exchange to expand
financing channel, the fund brought by these
efforts is still limited. Financing system shortage
limits new energy industry development speed,
even damages the new energy industry healthy
development.

In conclusion, Chinese new energy
development still needs to be treated rationally.
Government overall plans and guides
different provinces and cities to healthily and
orderly and rationally develop new energy
industry, and solves key technology, perfects
supporting facilities, thus to develop new energy
industrialization and large scale.
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