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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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All develop sense of responsibility,and achieve pleasure at work
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—Our Mission: Pragmatism and Innovation
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Our Pursue: Harmonious Coexistence of Human and Nature
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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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New Developments of Ground Source Heat Pump

Research

Author: XU Shengheng, PENG Tao, WANG Bingchen, WU Qiang, ZHANG Jun,

Bl Wenming

Abstract: Some new researches of ground
source heat pump (GSHP) are described
in the article. A new rock and soil thermal
physical property tester has been developed,
and it use distributed optical fiber temperature
measuring system to measure the
temperature of the stratum. The new tester
use column model to calculate the parameters
of rock and soil thermal physical property. The
parameters of rock and soil thermal physical
property of the stratum which thickness
greater than 0.25m can be measured. The
code of the single-well geothermal energy
collection with circulation heat exchange
has been written. The numerical model of
the single-well geothermal energy collection
with circulation heat exchange has been
researched. The geothermal field of the
single-well geothermal energy collection with
circulation heat exchange has been predicted
using the new numerical model. A high
efficient energy management system has
been developed too.

Key words:

Ground source heat pump (GSHP);
Rock and soil thermal physical
property tester; Geothermal field;
Single-well geothermal energy
collection with circulation heat
exchange; High efficient energy
management system

Foreword

At present, there are still some shortages
in the research on ground source heat pump
technology at home and abroad:

(1) Thermal physical property of rock and
soil is an important parameter for design of
ground source heat pump of soil source,
and its accuracy and representativeness
are crucial to the design of ground source
heat pump system. However, the current
testing technology hasn’t conducted layered
testing to stratum, and the obtained rock
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and soil thermal physical property is a
comprehensive parameter of whole hole
depth, which cannot get rid of influence
of ground surface metalimnion on testing,
and cannot reflect layered thermal physical
property parameter of each underground
stratum, so it is difficult to judge the
contribution of each underground stratum
to the thermal pump efficiency, and then
the design depth of buried pipe is lack of
pertinence, so the design cannot achieve the
goal of both economic and energy saving.

(2) The reinjection technology of ground
source heat pump of underground water
source is still immature, thus causing
difficult reinjection, and a part of users drain
underground water furtively. Therefore, in
some regions, the using of underground water
source and ground source heat pumps must
be restricted.

(3) There is the lack of in-depth research
on underground temperature field change
and influence generated by large-scale
application of ground source heat pump.

(4) The monitoring and supervision
technology required by transforming
medium and small-scale application to
large-scale application of ground source
heat pump is still not systematic and
complete, and it is difficult to find out and
supervise problems generated during the
application process of ground source heat
pump system in time.

This article briefly introduces some
achievements about research on ground
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source heat pump in our country during the
twelfth five-year plan period.

1 Research on New Type of Rock and Soil
Thermal Physical Property Tester

1.1 Design of New Type of Rock and Soil
Thermal Physical Property Tester

The new type of rock and soil thermal
response tester consists of vehicle-mounted
thermal response tester and distributed
type optical fiber temperature measurement
system; wherein, the distributed optical fiber
temperature measurement system mainly
consists of optical fiber sensor, channel
expansion module and optical fiber signal
regulator (Figure 1-1). Prior to testing, it is
necessary to make the optical fiber sensor
go deep into the buried pipes and make it
distribute in different rock and soil layers
along with longitudinal space, and then
original temperatures of rock and soil layers of
different depths and circulating temperatures
in buried pipes of all layers can be measured.
Through calculation of cylindrical heat
source model, rock and soil thermal physical
properties (heat conductivity coefficient and
volume heat ratio) of strata of different depths
can be obtained finally.

1.2 Model Analysis and Algorithm

Routine data analysis models for testing
thermal response of steady heat flow include
infinite line thermal source model, finite
line heat source model and cylindrical heat
source model. In these three models, the
buried pipe heat exchanger is regarded as
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a whole for analysis. If the observation object is each stratum, when the thickness of some
stratum is relatively small, and the ratio of pipe diameter to length of buried pipe heat exchanger

Vehicle-mounted :
Thermal Response

Tester

Steel-plastic
Transformation

2
Optical Fiber — H 1 U
Sensor '
. 4 >S > R |
Tee Joint =" %
HDPE Pipe 3] © _ Channel ’__ Optical

Expansion Fiber Signal
Module Regulator

St

RS4895

S

N

Figure 1-1 Schematic Diagram of Connection between Distributed-type Optical Fiber Temperature Measurement System
and Vehicle-mounted Thermal Response Tester

is bigger than original value, it cannot be used as line heat source model obviously. Therefore,
only the cylindrical heat source model can be used for analysis. With regard to the testing of
thermal response of layered steady heat flow, for the whole heat exchange hole, the heating
power (heat quantity) is stable. However, for each stratum, its heat power (heat quantity) is
unsteady, and is changed irregularly. Therefore, it is required to improve the cylindrical heat
source model, so as to adapt to analysis on thermal response testing of variable heat.

(1) Model Analysis

The subject takes the cylindrical heat source model as foundation, and the analysis method with
layered cylindrical heat source model is proposed to analyze underground rock and soil layering
(Figure 1-2).

The layered cylindrical heat source model decomposes cylindrical structure of heat exchange
in rock and soil into several layers, and the heat exchange power of each layer can be calculated
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through water temperature difference and flow at inlet and
outlet of each piece of pipe. Next, the cylindrical heat source
model calculation formula is utilized to conduct superposition
calculation of temperature response of multiple time steps
at different times. Finally, rock and soil thermal physical

Tin Tout

i FA

11 out

Layered Model

Traditional Model

Figure 1-2 Rock and Soil Layering Model

properties and heat exchange characteristics of different
strata can be worked out.

(2) Improvement of Cylindrical Heat Source Model

Carslaw proposed cylindrical heat source transfer model
based on the line heat source model. In this model, the
buried pipe is regarded as an ideal cylindrical conductor with
a certain radius, emit heat to infinite and constant property
around with constant heat release rate, and give the rock
and soil temperature expression in the place r away from
the axis of cylindrical heat source at some moment t.

1.3 Demonstration and Application

The demonstration project refers to Phase-Il project of
some resort hotel in Shunyi District, Beijing, with design
testing hole depth of 100m, and testing achievements are
shown as below:

1)Through the layered thermal response test, rock and soil
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heat conductivity coefficients
of different depths can be
obtained, and see Figure 1-5
for details.

2)Underground 30-35m,
55-60m and 85-90m heat
conductivity coefficients
are obviously higher than
those in other regions,
and the underground
water may be likely to flow
through the region.

3)The heat conductivity
coefficient of underground
85-90m section is the
highest, and the heat
conductivity coefficient after
the 90m section will decline
rapidly. Based on this, the
number of design holes can
be increased or decreased
according to actual situation
of hole forming cost of
buried pipe, so as to achieve
the best result.

The new type of rock
and soil thermal physical
property tester has obtained
patent authorization of
National Patent Office.

2 Research on
Demonstration and
Preparation of Technical
Code for Single-well



Geothermal Energy Collection with Circulation
Heat Exchange

The subject has conducted demonstration
research in the following aspects:

(1) Research the structural optimization
technology of collecting well according to
requirements for cooling and heating loads of
hydro-geological conditions and buildings.

(2) Determine rated heat supply power
of collecting well under different geological
conditions.

(3) Research key parts of collecting
well, such as energy storage grain and
permeable membrane, and determine the
using scope.

Based on above research, the local
standard Technical Code for Single Well of
Geothermal Energy Collection with Circulation
Heat Exchange of Beijing local standard
(DB11/T935-2012) is prepared. The Code is
applicable to the engineering of single-well
geothermal energy collection with circulation
heat exchange which provides heat, cooling
and domestic hot water for buildings, and
has made detailed requirements for design,
construction, inspection and acceptance of
single-well geothermal energy collection with
circulation heat exchange.

The Code points out that based on structure,
the geothermal energy collection well can
be divided into: collecting well with energy
storage grain, single- aquifer geothermal
energy collection well without energy storage
grain and multi-aquifer geothermal energy
collection well without energy storage grain. In
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addition, the Code also rules contents which
the design of geothermal energy collection
well shall include: search hydro-geological
data of geothermal energy collection well (well
group) region to be constructed; determine
the category of geothermal energy collection
well: geothermal energy collection well with
energy storage grain or collecting well without
energy storage grain; determine the scope,
quantity and position of geothermal energy
collection well region; determine the structure
of geothermal energy collection well; and
determine the circulation water amount and
heating (cooling) power.

The design of geothermal energy collection
well position shall be determined according
to geological and hydro-geological conditions
of geothermal energy collection region to
be constructed. Meanwhile, the design shall
also conform to the following requirements:
be close to the machine room; there shall
be a sufficient distance from the geothermal
energy collection well position to the building
(structure); the distance between two
adjacent geothermal energy collection wells
with energy storage grain and between two
adjacent geothermal energy collection wells
without energy storage grain should not be
shorter than 8m and 10m respectively; for
geothermal energy collection well group, it is
required to keep that the direction of central
collection line of geothermal collection well is
vertical to the local underground water flow to
the greatest extent.

The Code definitely rules contents of
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structural design of geothermal energy
collection well, including diameter and
depth of geothermal energy collection
well; category, specification and quantity of
energy storage grain material; structure and
performance of isolating membrane and
water heat exchange wall; structure and
position of guide plate.

For the power of geothermal energy
collection well, the Code points out that
the maximum temperature at the outlet
of circulating water of geothermal energy
collection well during the running period in
summer should be lower than 33°C ; and the
minimum temperature at the inlet of circulating
water of geothermal energy collection well
during the running period in winter should be
higher than 4°C .

The engineering inspection and
acceptance is the last link from design to
using. The Code requires that construction
records of concealed work shall be
complete, and there shall be whole-process
recording, and all of them shall have
passed corresponding quality inspection.
The Construction Unit shall submit well
completion report including materials such
as comprehensive histogram of geothermal
energy collection well. In addition, after well
completion, the heating (cooling) power of
collection well shall be tested by combining
device and heating (cooling) system in the
geothermal energy collection well, so as to
work out the actual heating (cooling) power
of collection well, which shall not be lower
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than the design value.

3 Research on Model of Single-well
Geothermal Energy Collection with Circulation
Heat Exchange as well as Forecast and
Assessment of Geothermal Field

3.1 Physical Process of Single-well
Geothermal Energy Collection with
Circulation Heat Exchange

The physical process of single-well
geothermal energy collection with circulation
heat exchange with energy storage grain
is shown as below: the circulating water is
pumped out and drained by internal pumping
area of heat insulation shaft wall, and then
the circulating water is sent into the heat
pump unit, after heat release or absorption,
it will be sent back by the heat pump unit,
and then enter the inner of pressurized
backwater area at the upper part of
geothermal energy collection well. The water
will flow inside the annular space with energy
storage grain between the heat insulation
shaft wall and the isolating membrane, and
most of them will enter the pumping area
at the lower part, while a small part of them
will flow the soil medium through permeation
from the pressurized backwater area, and
flow back from the pumping area finally. All
backwater of geothermal energy collection
well will be pumped out by the submerged
pump via floral tube at the lower part of heat
insulation shaft wall and then sent back to
the heat pump unit.

There is no energy storage grain in the



space between the heat
insulation shaft wall and the
isolating membrane in single-
well geothermal energy
collection with circulation
heat exchange without
energy storage grain, but is
filled with medium water, and
the structure and the physical
process of mass and heat
transfer of other parts is the
same as that of the single-
well geothermal energy
collection with circulation
heat exchange with energy
storage grain.

3.2 Mathematical Model
of Single-well Geothermal
Energy Collection with
Circulation Heat Exchange
with Energy Storage Grain

3.2.1 Control Equation

For each part of the single-
well geothermal energy
collection with circulation
heat exchange with energy
storage grain generally refers
to porous media and is filled
with water fully. The flow
velocity of water in the porous
media is very slow, and it can
be of simulation calculation
according to viscous and
incompressible laminar flow.
The flowing of water in the
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porous media mainly considers solid matrix, complying with
the mass conservation equation (9), momentum conservation
equation (10), and energy conservation equation (11):

(1) Mass conservation equation

%W‘(?plﬁ]ﬂ 9)

In the formula, y refers to the porosity of porous media, p
refers to fluid density, t refers to time variable, Vi refers to
speed tensor, i=1,2,3....

(2) Momentum conservation equation

)

%+v.vpmm)=*yva.(m)wpgwm (10)
i

In the formula, p refers to static pressure of fluid, T refers
to stress tensor, jx¥=1,2,3, g refers to acceleration of gravity,
S, refers to momentum source term, and meanings of y, p, ¢
and v, are the same as that of the formula (9).

(3) Energy conservation equation

L;Upj-ﬁf +(1-p).E )+ Vv o, E, +P)]:V(“-"’V T—[fZ‘?:J:)Jr(fﬁlf)}S'ﬁ (11)

In the formula, Ef refers to total energy of fluid in porous
media, Es refers to total energy of solid matrix in porous
media, hi refers to enthalpy of fluid and various solid
matrixes in porous media, Ji refers to the mass flow of the
fluid and various solid matrixes in porous media I to the
unit area of mass average speed, 1 =1, 2 ,..., Sfh refers
to enthalpy source term of fluid; meanings of p, vy, p, t, TjK,
vi are the same as that of the formula (9), and ke refers to
effective thermal conductivity of porous media, which are
worked out according to weighting of heat conductivity of
fluid and heat conductivity of solid matrix in the calculation
region. Obviously, when the porosity is 100%, the above
equation will be degenerated to laminar flow control
equation of incompressible fluid.

3.2.2 Definite Conditions

There are relatively many categories of definite
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conditions, which can be listed according
to detailed situations in actual engineering,
and frequently definite conditions are shown
as below.

(1) Initial conditions

The calculation fluid field is in the static

status, i.e. the velocity V(0) at the initial
moment is zero, and the intensity of pressure
P(0) at the initial moment refers to ambient
pressure P, and the temperature 7(0) at the
initial moment refers to constant 7, and the
expression is shown as below:

v()=0 (12)
P(0)=p, (13)
7(0)=7, (14)

(2) Boundary conditions
a. Inlet boundary of computational domain
The inlet flow O, refers to constant 0, ie.

0,=0,  (15)

The inlet temperature T, refers to constant
1, ie.

T, =T, (16)

The intensity of pressure at the inlet P,
refers to constant P, , i.e.:

P, =P  (17)

b. Outlet boundary of computational domain

The inlet flow @,,, refers to constant Q, , i.e.:

Qout:QZ (18)

The outlet temperature Tout is unknown
and is not set, but is worked out via known
conditions.
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The intensity of pressure at the outlet P,
refers to constant P, , i.e.:

P,=P, (19)

out
c. Other boundaries of computational
domain
Isothermal external boundary I''1 and heat
insulation external boundary 2 expressions
of soil are shown as below:

T, =t (20)

q|Fz =0 (21)

Boundary conditions of constant heat flux
are shown as below:

q. =c  (22)

Fluid field velocity v on the boundary is

Zero, i.e.:

-

v

=0 (23)

ryur,

In formulas from (20) to (23), T means the
temperature of boundary I';, and ¢ means the

density of heat flow of boundary I',.
3.3 Mathematical Model of Single-

well Geothermal Energy Collection with
Circulation Heat Exchange without Energy
Storage Grain

3.3.1 Control Equation

The computational domain of single-well
geothermal energy collection with circulation
heat exchange without energy storage grain
is divided into computational domain with
porous media and computational domain
without porous media. Two parts adopt
different control equations respectively.



(1) Computational domain with porous media

The flowing of soil porous media of single-well geothermal
energy collection with circulation heat exchange without
energy storage grain belongs to laminar flow, and its control
equation is completely the same as that of control equations
(9) — (12) of single-well geothermal energy collection with
circulation heat exchange with energy storage grain.

(2) Computational domain without porous media

The air intake pressurization pipe and pumped backwater
pipe of single-well geothermal energy collection with
circulation heat exchange without energy storage grain
has no porous media, and is filled with water fully, and
the standard K-&¢ model of turbulent flow of viscous and
compressible flow.

The universal form of K-¢ differential equation is shown
as below:

;—r(pé )+ div (pvi¢)= div (l'égrad ¢)+ 8, (24)

In the formula, ¢ refers to time variable, p refers to fluid
density, ¢ refers to any dependent variable, v, refers to fluid
velocity tensor, 1=1,2,3, and in the expansion, v,= vx, v,= vy,
V3= VZ, X,= X, X,=y and x;= z, I, refers to diffusion coefficient
and S, refers to source term. Four terms in above equation
refer to unsteady term, convective term, diffusion term
and source term respectively, and see Table 1 for various
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expressions.

In the Table, k refers to
turbulent kinetic energy, ¢
refers to turbulent kinetic
energy dissipation rate,
Hyr refers to effective
viscosity coefficient,
u refers to molecular
viscosity coefficient,
M, refers to turbulent
viscosity coefficient,
and the four symbols
C,, C,, Cu and o¢ are
constants, P, refers to
the generation term of
turbulence kinetic energy
caused by average
velocity gradient, and
the T in the energy
equation adopts absolute

temperature scale.

Moy =+ 1, (25)

2

k
pr =C p— (26)
&

Table 1 List of Various Meanings in Standard K- ¢ Turbulence Model

Equation (0] r 4 S @

Continuity equation 0 0 0

X-axis momentum v, oy —%i + a%[”e” %j + %[#eﬂ %} + a%(ﬂcﬂ %) —%%(pk)
Y-axis momentum Vi i —Zfi+£(#w %}%(mﬂ %j‘*g(ﬂw %]—%%(pk)
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: L af, N of, ) of ) 20
Z-axis momentum v, Ko P (ﬂq,, A )+ 5 [/19,, % J+ p (ﬂeﬁ P J 35 A0
/‘le :
Turbulent kinetic energy k O_—/] ﬁ — P&
k
u = &
Turbulent < c_ =
kinetic energy dissipation rate € oE C'Pf' C3'0
Mo My The source term S is determined according to actual
— + —
Energy r Pr oc situation

O (R R A L R e L EIp
Ox oy 0z oy Ox 0z 0Oz ox 0Oz

3.3.2 Definite Conditions

Add the turbulent kinetic energy k and turbulent kinetic energy dissipation rate € conditions
in initial conditions as well as inlet and boundary, and other contents are the same as those
mentioned above.

3.4 Simulation Analysis and Forecast of Ideal Model and Demonstration Project

During the numerical simulation calculation, it is necessary to firstly establish 2D model structural
network, and the computational convergence condition is that the residual error shall be controlled
below 1x10-3, and then adopt the finite volume method which is widely applied by fluid mechanics
and heat transfer theory for simulation solution. The fluid and heat transfer software FLUENT6.3 is
adopted for simulation calculation.

From the result of numerical simulation calculation, it can be known that:

(1) Within a certain scope, along with the increasing of water circulation flow, the heat exchange
amount of single-well geothermal energy collection with circulation heat exchange will also increase.

(2) Due to heat accumulation effect, the heat exchange amount of the same geothermal
energy collection well will gradually reduce as time goes by.

(3) When other conditions are not changed, the temperature difference value between incoming
water and outgoing water of geothermal energy collection well will increase gradually along with
the reduction of water circulation flow.

(4) Reducing the specific heat capacity of soil and increasing porosity of soil will be in favor
of increasing the heat exchange amount of single-well geothermal energy collection with
circulation heat exchange.
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(5) The increasing of soil
permeability coefficient will
reduce viscous resistance,
thus obviously increasing
the heat exchange amount
of geothermal energy
collection well.

(6) For the heat

accumulation effect of soil
will greatly reduce the heat
exchange efficiency, utilizing
heat exchanger to the same
region for heating in winter
and cooling in summer will
obviously reduce the heat
(cold) accumulation effect.
4 Research on Platform
Software of High Efficient
Smart Energy Management
System

4.1 System Functions

Targeting problems such
as disorder development
and absence of supervision
of ground source heat
pump engineering at home
at present, the subject has
researched and developed
a set of platform software of
High Efficient smart energy
management system.

4.2 System Architecture

The smart energy
management system is a
distributed system of 3-level
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structure, i.e. it consists of management level, monitoring
level and on-site control level, as shown in the Figure
below.

4.2.1 On-site Control Level

The first level of the system refers to on-site control level,
including on-site controller, various sensor and actuator,
which directly control on-site equipment. Its main tasks are
shown as below:
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Figure 4-1 Schematic Diagram of 3-level Structure of Smart Energy
Management System

e Process data collection. Collect real-time data of various
process variables and status information of the controlled
object, and guarantee that the digital control, equipment
monitoring and status report obtain required on-site information.

e Direct digital control. Implement continuous control and
program control according to control platform database and
control algorithm module.

e Equipment monitoring, system testing and diagnosis.
Analyze and determine whether the controlled object is to be
adjusted according to process variables as status information,
judge status and performance of hardware of on-site controller,
and sent out alarm or give diagnosis report if necessary.

e Safe and redundant operation. In case of finding that
the system hardware or control plate has any fault, it is
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necessary to switch to standby parts in time,
so as to guarantee the safe running of the
whole system.

The on-site control level refers to
automatic control to single equipment, and
detailed functions are completed by the
on-site controller which is installed on the
accessories of the controlled equipment. It
is a computer monitoring and control system
which can run independently, which not
only can control its execution and control
function independently, but has powerful
communication capability, able to form a
network to realize high-speed real-time
computation. Generally, there are input and
output of several channels of analog and
digital quantity, including:

e Analog input (Al), such as temperature,
pressure and flow.

e Digital input (DI), such as contact closing
and breaking.

e Analog output (AO), such as operation and
regulation valve.

e Digital output (DO), such as motor startup/
shutdown control, 2-digit on/off control, etc.

The direct digital controller shall also have
interface of digital quantity accumulation,
which can input low-frequency pulse signal as
accumulative calculation of electric quantity and
water quantity.

Functions of on-site controller are realized
via software, and the on-site controller software
includes: system software, communication
software, input and output contact processing
software, operation command control software,
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alarm treatment software, computation
software, control software, time/event program
(TEP), energy management and control
software, customized software and terminal
simulation software.

4.2.2 Monitoring Level

The second level of the system refers to
monitoring level. The monitoring level is to
monitor various units of ground source heat
pump system, and management all information
of the system, with its main tasks including:

e Optimization control. In case that the on-
site conditions have any change, the monitoring
level can conduct analysis and calculation
according to optimization strategy, so as to
generate new set value and regulated value
and hand over them to the on-site control level
for execution.

e Coordination control. Coordinate mutual
relationship with the priority criteria according
to situation of the controlled equipment.

e System running monitoring. Monitor running
parameters and states of the whole system,
appoint record and statement of the controlled
equipment, and conduct alarm display, fault
display, analysis and record.

The computer of monitoring level is set
in the monitoring center, and it is called
central station, which is used to conduct
management and optimization control to the
whole system. The central station and on-
site controller conduct data communication
via communication interface; the on-site
controller can execute independent control
function as an independent controller, and



it can not only transmit data information
to the central computer, but accept the
control of central computer. Besides
software functions which are required to
be completed, the central computer shall
have reliable hardware, and usually, the top-
grade microcomputer and relatively high
configuration are to be selected.

The function of monitoring level is realized
via software of central station, and software
of central station includes: system software
(network operation system), language
processing software, data communication
software, display format and tabular
software, operator interface software,
schedule software, time/event triggering
program (TEP), alarm treatment software,
control software, database software, energy
management and control software. Functions
of main software of central station are shown
as below:

e Visit level control

e Graphic operation

e Adapting to multiple communication
protocols

e Customized alarm management

e Point classification

e Graph generation tool and library

e Utility program

e Scheduling of equipment running and
special event

e Selection of trend of historical and
dynamic points

e Various statements and information records

e Passing window software
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4.2.3 Management Level

The third level of the system is management
level. The management level computer is at
the top of the whole system, and it has very
powerful processing capability.

The graphic work station at the
management level can enter the Ethernet
for data management (TCP/IP), so as to
realize regional data networking and enhance
management level, with the rate reaching
10/100Mbps.

4.3 Hardware Configuration Scheme

4.3.1 Central Processing Unit

Adopt web access Advantech Industrial
Control Computer.

4.3.2 On-site Control Unit

(1) Signal transmission module

The signal transmission generally adopts
wired access to Ethernet and wireless
transmission; considering factors such as on-
site Ethernet and on-site wiring, the GPRS
transmission module is to be adopted.

(2) On-site control module

This part includes control module and
expanded I/O module; and Siemens PXC
MODULAR series control modules and 1/0O
expansion modules are to be adopted.

4.3.3 Terminal Element

It includes various temperature sensors,
pressure sensors, flow sensors, current
sensors and voltage sensors.

4.4 Software Development Scheme

4.4.1 Software Planning

The High Efficient smart energy
management system adopts GIS,
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configuration and self-definition to realize
on-line monitoring and statistical analysis
of energy consumption, as well as decision
making and optimization of energy saving
control based on classified and itemized
energy consumption metering of large-sized
buildings by adopting multiple data collection
and remote transmission manners.

4.4.2 Software Functions

(1) Functions of On-site Control Level Software

1) Computation software: it mainly used to
conduct calculation of data, such as mean
value and high/low value selection, logic
computation and integration.

2) Control software: it adopts direct digital
control, and has control functions such
as proportion, proportional integral and
proportional integral differentiation. It executes
operation sequence required by the site, and
adopts proportion, proportion integral and
proportional integral differentiation algorithm to
control the central air conditioning system. The
program includes DDC operator program, e.g.
the self-adaptation control can make response
to the environmental change and automatically
adjust the system running.

3) Time/event program: send out command
according to schedule, or trigger standard
or customized DDC program according to
startup and shutdown plans, point alarm
or point status change, and control the air
conditioning equipment. The inherent TEP of
controller provides time sequence system and
time trigger program irrelevant with the central
station TEP.
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4) Energy management and control
software: it has the best startup and
shutdown program, trend record, periodic
load and maximum demand management.
The energy saving and control program
library can be executed in the controller, and
the programs can read shared input from
other controllers, so as to control their own
output. The programs can run independently
without relying on the central station, so as to
guarantee the system reliability.

5) Customized software: it can simplify
modification of data document, and the
authorized operator can add, modify and delete
on-site controller, monitoring point data, energy
management data and user program.

6) Terminal simulation software: In case
that the on-site controller is not required to be
adopted to provide all capabilities of graphic
operation, the operator can use video to display
terminal or personal computer, realize operation
to simple point and equipment via suitable
terminal simulation software, such as reading
measuring point data and issuing command to
the point.

The smart energy management system
adopts various sensors to detect working
status of equipment. The sensor and
transmitter are devices which transform
electric quantity or non-electric quantity into
electric quantity which can be processed by
control equipment, and they are generally
used to measure physical quantities such
as temperature, humidity, pressure and
differential pressure.



(2) Functions of Monitoring Level Software

1) Visit level control. The system will
provide multiple operator visit levels, and the
work station will judge whether the operator
is allowed to access to the system, and will
identify various operator visit levels. The
operator can only access to the system via
password and visit the authorized level.
To reduce the possibility of illegal using
by others in case that the operator leaves
the work station in the status of access to
system, there is a time-out signal which will
automatically make the operator log out.
The duration of automatic logout or timeout
signal can be decided according to different
operator definitions.

2) Graphic operation. Adopt colors
to distinguish normal and abnormal air
conditioning equipment temperatures, and
confirm the running/shutdown and opening/
closing status of motor via animation. Any
control point on the site can be displayed
on the graph at any level. Through mapping
software, the operator can generate,
modify and delete any graph. To send out a
command, the operator shall firstly select a
point, and then direct the points from graph.
The system also can display a dialog box to
select a suitable command.

3) Adapting to multiple communication
protocols. The bus is adopted for connection
with on-site controller. They all adopt peer-
to-peer communication protocol, and the
protocol makes each set of equipment
have bus visit right of the same level. All
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equipment has the capabilities of error
recovery and bus initialization, and in case
of using other bus communication protocols,
or when the central display breaks away
from circuit, the bus communication will stop.
However, in case of adopting peer-to-peer
communication protocol, as long as 2 sets
of equipment on the bus are running, the
communication will continue.

4) Customized alarm management. The alarm
information will be printed out automatically
or displayed and printed out under the control
of the operator. The multi-point alarm will be
displayed according to priority.

5) Point classification. Points are grouped
according to their performances. In this
case, the data documents can be updated
conveniently, and points can be identified
by the operator on the displayed graph
more rapidly. For example, all temperature
sensors can be classified into the category of
temperature, and this type of points can be
marked with the same color on the graph, so
as to display various values, and they have
the same alarm treatment point.

6) Graphic generation tool and library.
The operator can adopt graphic software
to develop graphs, and to simplify the
generation process of graph, the system will
provide a set of HVAC and electrical symbol
and standard system, such as drawing
library of air conditioner and refrigerator. The
system also rules equipment categories, and
provides standard color matching, refresh
rate, animation, engineering unit and default
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property for them.

7) Utility program. The utility program is
used to produce on-site controller application
program and database. The design personnel
can select HYAC mapping element to establish
control sequence.

8) Scheduling of equipment running and
special event. The system supports scheduling
function of the following equipment running
and special events, and the controller uses
independent scheduling function, and is not
associated with graph, but is driven through
text/menu-driven guide. The controller grouping
makes the holiday and exception program
simplified, and for controller, the operator
can establish a normal or temporarily used
schedule for daily running of air conditioning
system, and can display graphs related to
expected points, and then determine or modify
appropriate schedule. For special events, such
as evening party, the operator can determine
actions and arrange the actions to make them
occur as per time and date. For example, the
report and alarm abstract of all points are also
scheduled events. All work is set with dialogue
box, which can be entered via single click,
picture turning or keyboard input.

9) Selection of trend of historical and
dynamic points

10) Various statements and information
records. Statements include data and
information records of current historical points,
and the operator can print screen picture
as required, i.e. print and output the screen
picture with colors for selection, and the picture
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can be printed on the paper or the transparent
film for projector. In addition, the operator
is allowed to arrange the output within the
expected time period through selecting points
in the initial graph and subsequent graph.

11) Passing window software. The operator
can take one window as the central graphical
interface, while other windows can be used for
execution of the third party software specially,
such as Excel or word processing program.
The operator can switch windows conveniently,
thus enhancing working efficiency.

(3) Functions of management level software

1) Conduct acquisition, statistic and analysis
to various disturbance conditions of cold and
thermal loads of building, so as to determine
the most economic and effective energy
supply amount, thus realizing energy supply
according to demand.

2) Control parameters of water system (water
temperature, pressure and flow) on the heat
source side and using side in a real-time way,
optimize running conditions of main engine
of heat pump, monitor system parameters
(cooling system pressure, temperature, current
and energy efficiency ratio) of main engine of
heat pump, and control COP value of main
engine to make it in the best status.

3) Conduct variable flow control of water,
adjustment control of main engine energy
and optimization control of energy supply
conditions, and take enhancing COP value
of the system as the target, so as to realize
system optimization mode based on data and
professional control strategy.



4) The intelligent and automatic control can
reduce adverse impact of human factors on
energy consumption, and reduce the loss
brought by various human errors.

4.4.3 Design of Data Communication

This part is mainly used as the bridge for
communication between remote client and
lower computer (PLC). On the one hand, it is
responsible for collecting PLC data, and on
the other hand, it is responsible for receiving
control information of remote client, and
writing it into PLC. Generally, the application
server is installed with OPC Server (or
data collection service program developed
by ourselves), and the OPC Server is
connected with PLC on the equipment via
serial port or Ethernet for data collection,
and then cache the collected data in the
application server. The internal LAN of the
Company is connected with the on-site OPC
Server via wired or wireless Ethernet for
data reading.

4.4.4 Design of Remote Client Software

This part is mainly to realize the
communication with upper computer and
the development of monitoring picture. To
facilitate communication with the upper
computer, the whole application program is
distributed to multiple servers to enhance
the overall capacity structure of the Project
and improve the system performance. The
distribution of servers can be based on
physical equipment structure or different
functions in the Project, and the User can set
up special 10 server, historical data server,
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alarm server, login server and WEB server
according to system demand.

In the aspect of client monitoring
picture, the ActiveX control is adopted and
embedded into webpage. The User is only
necessary to input the IP address of the
server in the address field of IE browser
at the client end, and when the User visits
the webpage of server for the first time, the
IE browser will automatically download the
ActiveX control on the webpage of server
into local computer, and the ActiveX control
will be registered automatically. In this case,
the User can conduct real-time monitoring to
the on-site equipment through IE browser.
Through using the ActiveX control, the
remote client can directly read OPC data on
the server and conduct real-time updating,
without transferring via database.

5 Conclusions

(1) The researched and developed new
type of rock and soil thermal physical
property tester can measure heat
conductivity coefficients of rock and soil
layers with respective thickness greater than
0.25m and initial temperatures of different
rock and soil layers, while the thermal
response method of traditional steady heat
flow can only obtain the initial average
temperature of rock and soil layer. For rock
and soil thermal response testing which is
used conventionally adopts line heat source
model, and the buried pipes are regarded
as a whole for calculation, compared with
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cylindrical heat source of the new type of
rock and soil thermal physical property tester,
there is error in model selection. Therefore,
the underground rock and soil thermal
physical property calculated through layered
thermal response method is more accurate.
Through layered thermal response testing,
the curve of heat conductivity coefficient of
underground rock and soil can be obtained,
thus judging seepage situations of different
rock and soil layers and underground water
flow conditions of one region, thus providing
scientific basis for site selection of buried
pipe heat exchanger and utilizing shallow
geothermal energy to a greater extent.

(2) Through indoor test and on-site
demonstration research, key technical
points of single-well geothermal energy
collection with circulation heat exchange
have been summarized, integrated and
finalized, which basically solves reinjection
of underground water source heat pump.
Based on this, Technical Code for Single
Well of Geothermal Energy Collection with
Circulation Heat Exchange of Beijing local
standard (DB11/T935-2012) has been
prepared, which lays a foundation for large-
area promotion of the technology.

(3) Theoretical and numerical calculation
models of single-well geothermal energy
collection with circulation heat exchange
has been established by combining with
the research on such technology, and the
comparison and analysis also have been
conducted between models and actual data
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of the demonstration project, which solves
theoretical problems of the technology of
single-well geothermal energy collection
with circulation heat exchange, and has
significance to the promotion of such
technology.

(4) The developed and researched
High Efficient smart energy management
system can not only monitor and supervise
various running parameters and geological
environment of ground source heat pump,
but can regulate running status of ground
source heat pump system according to
actual demands of heating and cooling of
building, thus realizing intelligence of energy
management.
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Heating Season for 2018-2019:
All Districts in Beyjing Suit Cleaning Heating
Methods to Their Local Situation

Author: Specially Invited Journalist/Li Jing

On June 13, Premier Li Kegiang chaired
a State Council executive meeting and,
when deciding at three-year action plan for
the Blue Sky Defense War, pointed out that
pollution should be treated scientifically,
rationally and effectively step by step.
He also required adherence to the actual
situation and preferred use of electricity,
gas, coal or thermal energy whenever
appropriate to ensure that the people in the
northern region spend a warm winter safely.

On July 3, the State Council officially
issued the Three-Year Action Plan to Win
the Blue Sky Defense War (hereinafter
referred to as “Three-Year Action Plan”)
which describes the tasks of air pollution
prevention and control in the next three
years. Wang Jinnan, director of the
Chinese Academy for Environmental
Planning of the Ministry of Ecology
and Environment and academician of
the Chinese Academy of Engineering,
interpreted the Three-Year Action Plan
as detailed blueprint for environmental
benefits and social benefits of clean
heating in the northern region during
winter. The technical route is defined with
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the actual situation considered, and all
districts adopt a variety of clean heating
methods according to local conditions
without clinging only to “coal to gas”.
This measure can reduce the pressure of
guaranteed gas source.

Now, as the heating season for 2018-
2019 is around the corner, how is the
“transition from coal to clean energies”
going on in Beijing? What are the heating
policies worthy of attention? Is there any
change in subsidies?

Centralized Heating Realized Clean Heating
in Towns

On April 14, the General Office of the
Beijing Municipal People’s Government
issued the Work Plan for Clean Heating
in Rural Villages in Beijing during Winter
in 2018. The document included a
scientifically selected technical route
and required realizing the transition from
“coal to clean energies”, especially “coal
to electricity”, in 450 village committees
and public spaces for villagers as well
as seed agricultural facilities of 53,800
square meters.



So far clear energies have basically
become dominant in centralized heating
in towns in Beijing. Moreover, the “coal
to electricity” transformation task during
the “13th Five-Year Plan” period in Beijing
has been completed two years ahead of
schedule. The plain areas in the city are
basically “coal-free”.

During the last heating season, 98%
of centralized heating in Beijing used
clean energies, except six large coal-
fueled heating boiler rooms in the east
and south of Yanqging, Binhe, Xinggu
and Xiagezhuang in Pinggu District, and
Taishitun in Miyun, which had not been
transformed. On October 29, as the clean
energy transformation project of the
boiler room of the heating plant in Pinggu
District was officially put into equipment
commissioning, Beijing completed the
clean energy transformation task with
those six coal-fired boiler rooms this year.
So far the centralized heating of urban
areas in Beijing has basically got rid of
coal to rely on clean energies instead.

On November 1, State Grid Beijing
Electric Power Company announced
that the “coal-to-electricity” project of
Beijing starting from 2018 had been fully
completed. Since 2018, the company
has completed the transition from “coal
to electricity” in 312 villages and 122,600
households, a task assigned by the
Beijing Municipal Government. It also
overfulfilled the renovation of power grids
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in 163 villages and 57,400 households in
mountainous areas. So far, the plain areas
in Beijing are basically “coal free”. At the
same time, this marks the completion of
the “coal to electricity” transformation task
during the “13th Five-Year Plan” period in
Beijing two years ahead of schedule, and
the plain areas in the city are basically
“coal free”.

Meanwhile, the heating pipe networks in
100 old residential communities in Beijing
were renovated. Since 2008, 1,950 old
residential communities have seen their
heating pipe networks which had a total
length of 4,200km rebuilt, and more than
1.9 million households benefited from this
change. This project not only eliminated
safety hazards, increased energy
efficiency, and improved heating quality,
but also solved the lasting problem of non-
conforming temperatures in those old
communities.

A scientific Route for Rural Heating

According to the Guiding Opinions on
Promoting Clean Heating in Rural Areas of
Beijing during Winter in 2018 (hereinafter
referred to as “Guiding Opinions”), all
districts in Beijing will further standardize
the work related to “coal to clean energies”
and “coal reduction and substitution”.

As for understanding the situations in the
villages and households concerned, the
Guiding Opinions clearly gives priority to
the transition from “coal to electricity” during
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which scientific guidance is offered for
farmers to select appropriate transformation
methods according to the local electricity
and gas conditions, provided that the
energy supply is safe and reliable.

In terms of determining a scientific
technical route, the document urges the
determination of a scientific technical route
and clean heating equipment that meet
the requirements of “safety, environmental
protection, energy saving, high efficiency
and economy” according to the energy
consumption structure, heating habits and
characteristics of clean energy heating
equipment used by local households in
winter. The purpose is to ensure more
reasonable, more optimized, and more
energy efficient heating system for rural
households, to effectively reduce operating
costs, and to achieve the best results of
clean heating systems.

According to the supplementary
provisions on matters concerning the
Opinions on Improving Policies of “Coal
to Electricity” and “Coal to Gas” in Urban
Residents in Beijing, clean energy heating
equipment such as energy storage electric
heaters, air source heat pumps, ground
source heat pumps, electrically heated
water storage, and solar power plus electric
auxiliary power may be used according
to actual needs in implementing the “coal
to electricity” project. In implementing the
“coal to gas” project, clean energies such
as municipal pipeline natural gas and LNG
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may be used through single-household
transformation or collective transformation.

It is understood that air source heat
pumps (including hot water heat pumps
and hot air heat pumps), ground source
heat pumps, and energy-efficient low-
emission gas heating equipment are
new heating means that deliver higher
coefficients of performance (COP) in
rural villages and households, judging
from technical maturity and practical
application. Among them, air source heat
pumps are extensively applied because
they can operate normally even under an
ambient temperature of minus 30 degrees
Celsius and become more applicable
when the new technology of “multi-
energy linkage, multiple measurements
compliance, and multi-source integration”
is used and the “solar + auxiliary heating”
equipment is added. Ground source heat
pumps need to suit local conditions if
they are to be used widely because they
raise certain requirements for geological
conditions. However, electric heating
equipment capable of “direct heating”
is not recommended because it is not
conducive to energy saving and reduction
of operating costs.

All Districts Continue the Original
Subsidy Policy

The heating cost after the transition
from “coal to clean energies” is the utmost
concern for residents. It is understood that



users of air source heat pumps and ground
source heat pumps that are not installed
collectively in the whole community can
receive a subsidy of RMB 100/m2 of
heating area from the municipal finance.
Users of other clean energy equipment can
receive a subsidy equal to 1/3 of the cost
of the equipment. The maximum subsidy
for each household that uses a different
type of clean energy heating equipment is
not more than RMB 12,000.

In 2018, all districts made it clear to
subsidize heating with clean energies
instead of coal in their respective
program on clean heating during winter
in rural areas. The subsidy for transition
from “coal to electricity” continues to keep
track of the peak-valley prices. The level
(peak) electricity price during the heating
season in rural areas is RMB 0.4883/kWh

October 30, 2018.
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and the valley electricity price is RMB
0.3/kwh. During the valley period, the
municipal and district governments each
grant a subsidy of RMB 0.1/kwh. Then,
the electricity charge for households that
change coal to electricity is RMB 0.1/kwh.
The quota for subsidy is 10,000kwh of
electricity, and the subsidies are put into
the electricity meters of the users in real
time. As for the transition from “coal to
natural gas”, while the favorable municipal
natural gas price (with a subsidy of RMB
0.38/m3) is charged, another subsidy of
RMB 0.6/m3 will also be given from the
district finance. The maximum subsidy
per household in each heating season
will not exceed RMB 1,000. There is little
change in the subsidies for heating costs,
and the original subsidy polices are
basically maintained.
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Briefing on Type, Characteristics and Application

of Geothermal Energy

Author: Ji Wen

Earth is a huge treasure of energy, and the
earth's core is a red-hot object; the deeper into
underground, the higher the temperature it will
be. The calculation suggests that, the quantity
of heat transferred from the earth's interior to
the earth's surface each day is equivalent to
more than 2 times of the energy used each day
across the whole world. Such energy stored in
the earth’s interior is far richer than coal, oil and
natural gas and other fossil fuels. We call such
energy as geothermal energy, namely the heat
stored in the earth's interior mainly in the form
of heat energy. In particular, the geothermal
energy is a clean energy, whose use will not
bring about environmental deterioration and
atmospheric pollution to the world.

1. Type of Geothermal Energy

Their classification also varies as there are a
wide range of geothermal resources. These
geothermal energy can be divided into high-
temperature, intermediate-temperature and
low-temperature geothermal resource by
temperature; dry steam type, wet steam type,
hydrothermal type and hot dry rock (HDR)
type by form; carbonate-type, silicate-type,
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brine-type and bittern-type by thermal fluid
components; in general, they can be divided
into the following 4 types by its property:

1. Shallow geothermal energy

The soil and rock within a certain depth

below the ground has been endowed with
such temperature that differs slightly with
annual average temperature, and this area
is known as constant-temperature zone. The
low-temperature energy, whose heat can
be extracted by heat-pump technology for
heating the buildings, was known as shallow
geothermal energy. In general, it refers to the
geothermal energy stored at the temperature
below 25°C and at the depth of 0~100 meters.

2. Conventional (Hydrothermal type)
geothermal energy

It refers to the common hot water or water
steam at the shallow place of the earth (100
~ 4,500 meters underground); the subject of
geothermal energy that has been exploited
and utilized for more than a century is the
geothermal energy of hydrothermal type;
therefore, it is also known as conventional

geothermal energy.  Such type of resource is



the "geothermal reservoir" stored underground
by hot water and/or steam, thus constituting
geothermal field.

3. HDR geothermal energy

However, the high-temperature HDR with little
or without water due to particular geological
structure conditions can only be extracted for
heat by injecting water artificially. We name
the geothermal resource stored at the depth of
3~10kg as HDR geothermal energy. The HDR
has a high temperature, but usually does not
contain water.

4 Non-conventional geothermal energy

In addition to the above three types of
geothermal energy, there are also two types of
non-conventional geothermal energy:

(1) Geopressured geothermal resource: it
refers to the high-temperature high-pressure
(HTHP) thermal fluid existing in the depth of
large-scale oil and gas-bearing basin (3~6km),
which contains a great deal of methane gas;

(2) Magma-type geothermal resource:
it refers to the considerable heat stored in
the high-temperature (700~1200°C) molten
magma.

Of the above-mentioned four types of
geothermal energy, only the second type,
namely the conventional (hydrothermal
type) geothermal energy, has reached the
stage of large-scale commercial exploitation
and utilization prior to the development and
utilization of shallow geothermal energy. It can
be divided into high-temperature (>150°C),
medium- and low-temperature (with the
medium-temperature of 90~150C, and low
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temperature of <90°C) geothermal energy. Due
to the regional limitations of high-temperature
geothermal energy in its distribution, it occurs
at the tectonic zone with frequent volcano
and seismic activities, plate margin and its
interior in general; therefore, it is mainly used
for geothermal power generation. While the
medium- and low-temperature geothermal
energy has been widely applied due to its
extensive distribution, such as heating, heat for
industrial and agricultural purpose as well as
tourism and wellness, etc.

Il. Characteristics of Geothermal Energy

As a renewable source of energy, the
geothermal energy exists extensively and
is inexhaustible, and will become a primary
energy that can be relied on ultimately. Before
the fossil energy was exploited and utilized in a
large scale in recent nearly 200 ~ 300 years, it
has always been the primary source of energy
that human survive on and develop on.

The geothermal energy has broad prospects
for application, although the total geothermal
power generated in the world only accounts
for 1% of the gross power generation in the
world at present, and the development of
forward-looking HDR tends to be mature, the
United States has planned that by 2050, the
geothermal power will account for 10% of
power consumed throughout the United States.

Among the big family of new and renewable
energy, the geothermal energy is the most
realistic and most competitive energy
at present. According to the statistics of
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International Geothermal Association, no
matter the total installed capacity of geothermal
energy in the world or its annual production
capacity, both of them rank ahead of the
utilization of other new energy. Currently, the
cost of geothermal power generation or of
direct use of geothermal energy is far less
than other new energy, so under some cases,
it is even equivalent to or slightly lower than
the price of power generated by conventional
energy or used directly. The geothermal
energy, therefore, has very strong market
competitiveness among all kinds of new and
renewable sources of energy.

One of the largest characteristics of the high-
temperature geothermal energy is subject to
the regional tectonics, and due to the regional
distribution of resources, the energy cannot be
transported for a long distance, and can only be
exploited and utilized locally, so its development
is constrained to a certain extent. However,
there are much fewer regional limitations on
medium- and low-temperature geothermal
resources, in particular the shallow geothermal
energy; especially, the heat-pump technology,
which has gained rapid development in recent
10 years, can view the geothermal resources
as the common underground water with room
temperature for utilization. In this sense, there
are no geographical restrictions on geothermal
resource, so it can be said that such resource
is everywhere.

In recent years, the development and
utilization of the first type energy - "shallow
geothermal energy" sprung up everywhere,
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with a rapid development.

The shallow geothermal energy reserves in
the region of formation with relative constant
temperature. Its temperature in winter is much
higher than the outside air temperature, but
much lower in summer. The temperature of
shallow geothermal temperature is close to
comfortable room temperature. When using
heat pump to heat the buildings, the amplitude
of temperature increase or reduction by heat
pump is relatively small, so that the heat-pump
unit operates more cost-effectively and properly.
When providing same amount of heat or cold,
it consumes less power energy. The space
where the shallow geothermal energy occurs
has a large heat capacity as well as strong
recovery capacity; the shallow geothermal
energy can output heat continuously by
reducing the temperature temporarily and
locally underground in one using season, while
recover during non-using period.

As our country has a vast territory, the south
and the north are located at different climate
zones, with different demands for heating,
and the temperature differences at mid-
latitude region are the largest during the four
seasons, with the maximum differences of up
to more than 30°C, so the northern region is
dominated by heating, and the southern region
is dominated by cooling. The regions with cold
winter and hot summer require heating and
cooling, with bi-directional use. As the formation
has a certain heat storage capacity, the reverse
use at different seasons is conducive to the
recovery of formation temperature.



[1l. Application of Shallow Geothermal Energy

Before the appearance single-well heat exchange
circulation for ground source energy collection
technology, the collection system of shallow geothermal
energy mainly includes: 1 pumping wells + inverted
wells system; 2. buried pipe system.

The pumping wells + inverted wells system consists
of two wells separating each other from a certain
distance. One well is a pumping well, which is the same
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Figure 1 Physical Model for Collection Well of Single-well
Circulating Heat Transfer Geothermal Energy
as common water supply pipe well; the other one is
an inverted well. When working, the submerged pump
will pump the well water from the pumping well into the
unit for heat transfer, after which the well water enters
into the inverted well and penetrates into the earth.It
has the advantages of simple structure and low cost.
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Its disadvantage lies in that it can
only be used at the region with rich
underground water, with difficulty
in recharge, sand relocation and
geological sedimentation, etc.

The typical structure of buried pipe
system consists of single U-shaped
or double U-shaped heat exchange
tubes that are buried vertically into
the ground of about 100 meters. The
media within the heat exchange tubes
exchange heat via the pipe walls and
surrounding rocks. It can adapt to a
variety of geological conditions, but
has poor capacity of heat exchange,
and covering a huge area.

The collection technology progress
of shallow geothermal energy is
oriented to improving collection
efficiency and collection safety.
Through years of research, our
country launched a new collection
technology in 2000, namely the
single-well heat exchange circulation
for ground source energy collection
technology, which has reached the
international leading level. The single-
well heat exchange circulation for
ground source energy collection
system consists of collection well of
single-well heat exchange circulation
for ground source energy collection
(collection well for short), heat
exchanger within well and submerged
pump. The typical structure of
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collection well is shown in Figure 1.

The single-well heat exchange circulation for
ground source energy collection technology
takes well water as medium, and exchanges
heat with the rock-earth mass below the
shallow layer, which will not consume or pollute
underground water. Comparing the collection
well with buried pipe, although both of them
are soil-type heat exchanger, the mechanism
of single-well heat exchange circulation is
more complicated than buried pipe. The buried
pipe is a "dividing wall type" heat exchanger,
and the circulating water within pipe transfers
heat with the rock-earth mass outside the pipe
via the pipe walls. In addition to the above-
mentioned "dividing wall type" heat exchange,
the collection well can exchange heat by mass
exchange of external water within well, namely
the heat exchange caused by mass transfer.
As indicated by experience and theoretical
calculation, such part of heat transfer plays an
important role in the heat exchange process of
collection well.

The collection well shall reach the constant
temperature zone of shallow underground, and
the deepest place at the well bottom is located
within 80 meters underground in general.
The heat exchanger within the well is set with
two groups of seal, upper and lower seal,
which separate the well space into the upper
pressurized backwater area, medium sealing
area and lower pumping area. The pressure
within the sealing device can be adjusted.
Adjusting the pressure of seal can change the
flow velocity of water in order to get the best
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heat exchange performance.

The submerged pump is placed at the bottom
of well. The submerged pump extracts the
water with constant temperature (such as,
15°C) from the "constant temperature zone"
into the unit for heat exchange, after which the
water flows back into the upper pressurized
backwater area within the well. Under the act
of gravity and differential pressure, the well
water flows into the pumping area finally. The
circulating water exchanges heat with the
rock-earth mass surround the well during the
movement from top to bottom. Meanwhile,
with the advancement of technology, the heat
exchange backfill particles applicable to the
formation with different percolation conditions,
were developed to fill between the well casing
and well walls, so as to change the formation
and increase the permeability coefficient. The
collection well filled with energy stored particles
has significantly increased its capacity and
speed. In this case, it solves the problem in
weak permeability and breaks through the
bottleneck in efficient collection of shallow
geothermal energy from the formation with
small specific capacity.

IV. Comparison on Collection Technology for
Shallow Geothermal Energy

Compared with collection technologies of
other shallow geothermal energy, the single-
well heat exchange circulation for ground source
energy collection technology is characterized
as zero pollution, zero emissions and wide
adaptability. As the well water is recharged locally



in situ, so such technology will not consume
water or pollute water, with no water loss, or
destroy the natural distribution of groundwater,
or cause any potential geological disasters,
etc., and can be applied in different geological
conditions for collection of geothermal energy.
Meanwhile, the single well of geothermal energy
collection technology has the advantages like
small coverage of area, high energy efficiency
ratio (EER), etc. Its EER is 20-100 times of the
buried pipe. No matter what geothermal energy
collection system, the service life of the system
is planned to be more than 10 years; therefore,
stable, efficient and pollution-free geothermal
collection systems are the development target of
technology in the future.

The table below illustrates the comparison on
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three collection modes of geothermal energy.

V. Conclusions

The "inexhaustible" renewable shallow
geothermal energy, as a new clean energy,
will replace the heating energy gradually in
the north, and accelerate the transformation
of heating energy in the north with the
enlargement of development and utilization
intensity. With the constant improvement in the
collection technology of shallow geothermal
energy, new technologies spring up constantly,
further advance the development of heat and
cold integrated new emerging industry, and
meet the heating demands of residents, thus
realizing the revolution of heating industry in
new era.

Table 1 Comparison on Three Collection Modes of Geothermal Energy

Impact on Environmental Quality
of Underground Water

No. Cohllllecczitlon Tgchnlcal CArea . EER Adaptability
Clets e Underground Potential OVEIE
Water Pollution Geological Recharge
Loss Disaster
Puvr:/wé)l:ng Introduced
1 from Yes Yes Yes Difficult Larger High Limited
Inverted
abroad
well
Buried Introduced
2 ine from Non Non Non Large Low Broad
Pip abroad
Single—well High
circulating | Innovated (20-100
3 . Non Non Non Easy Small | times of Broad
heat originally .
buried
transfer )
pipe)
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2018 Asia-Pacific Forum On Low Carbon
Technology Has Yielded Fruittul Results

The fall was evident in Changsha in the
end of October. Following the previous two
successful summits, the third Asia-Pacific
Forum on Low Carbon Technology was
unveiled in the No. 5 Workshop of Broad Town
in the morning of October 24, 2018. With the
theme of “Sharing Low-Carbon Technology for
a Blue and Beautiful Sky”, the main purpose
of the Forum was to support and promote
substantive cooperation in high-technology
investment and low-carbon city development
while encouraging deep discussion among
participants through parallel sessions, bilateral
meetings, and technology roadshows. About
400 domestic and foreign guests attended the
Forum, and a delegation from Ever Source
Science and Technology Development Group
Co., Ltd. (“Ever Source”) was present at the
Forum upon invitation.

Li Xianxing, deputy secretary general of
the Hunan Provincial People’s Government,
Woochong Um, director of the Bureau of
Sustainable Development and Climate
Change of the Asian Development Bank, Sun
Zhen, deputy director of the Department of
Climate Change of the Ministry of Ecology and
Environment, and Zhang Yue, founder and
co-chairman of Broad Group, attended the
opening ceremony and delivered speeches.
Following the speeches of industry experts
including Zhang Zaifeng, chief engineer of the
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Hunan Provincial Department of Environmental
Protection, Yu Jia, director of the Institute
of New Structural Economics and the
International Development and Cooperation
Department at Peking University, presented
the award to the New Energy Leaders 2018.
The first small climax of this Forum came
when new energy experts across Asia held
a high-end dialogue which was full of witty
remarks. In particular, Wang Jin, director of
the International Energy Research Institute
of the International Cooperation Center
of the National Development and Reform
Commission, triggered a hot debate when he
suggested “importing high-end technologies at
low prices from Europe and America to reduce
our energy costs”.

After a number of wonderful speeches in
the morning, a fresh “Hot Pot Session” was
started at 4:00 PM. It was thrown to provide a
platform for low-carbon technology companies
to showcase their own technologies and
opportunities to open up markets. He Tianyue,
vice president of Ever Source, was invited to
speak as the main promoter of Ever Source.
He mainly explained their technologies
to government agencies, enterprises and
investors in Asia and answered interested
questions. After 5 rounds of pitches, the
promotion ended in perfection.

The next day, the sixth parallel session



of the Forum, themed “Clean Heating and
Cooking”, was held in the Golden Hall of the
Environment Philosophy Institute of Broad
Group. The session highlighted challenges
and opportunities for mainstreaming clean
heating and cooking systems. Xu Shengheng,
chairman of Ever Source, was invited to give a
speech. Following the wonderful speeches of
other speakers, Chairman Xu Shengheng gave
a speech titled “Preferred Shallow Geothermal
Energy as An Alternative Energy Source for
Heating in the North, Develop the Emerging
Industry of Heating-Cooling Integration, Protect
the Environment, and Solve Environmental
Problems”. Xu Shengheng suggested that
the shallow geothermal energy is “frozen
underneath the earth” and heat energy below
25°C is everywhere. Combining shallow
geothermal energy with a heating pump can
physically heat a building and maintain a
temperature between 18 and 26 degrees in
rooms throughout the year. It also supports
supply of heating, cooling and domestic hot
water. Xu Shengheng also pointed out that
heating is a necessity in northern China while
cooling is a luxury and that providing heating
is beneficial to people’s livelihood while
providing cooling is the icing on the cake. Since
the reform and opening up, improved living
standards, denser buildings, and serious haze
have caused major changes in the energy
structure of the entire Beijing/Northern region.
The use of shallow geothermal energy for
heating is to convert 1/4 power distribution and
consumption to mechanical power that drives

KRRICIR
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the heat pump system. Low-grade and low-
temperature renewable shallow geothermal
energy is intervened to heat buildings.
Under the premise of reasonable design
and construction quality assurance, shallow
geothermal energy is not affected by the
external environment, does not require extra
power distribution in buildings, and is able to
achieve the goal of making renewable energy
account for 60% of the total energy used to
heat buildings. According to Xu Shengheng,
Ever Source has built a large number of
individual heating experiments in the rural
areas of Beijing, Tianjin and Hebei. The farmers
who use the geothermal energy heating system
invest RMB 8,000 for each room and consume
800kwh in winter. The cost is better than that of
coal and is equivalent to 30-90% of the prices
of traditional heating methods. Therefore, the
combination of shallow geothermal energy with
heat pump technology is the preferred method
to heat buildings and this choice suits the actual
situation in the northern region. Xu Shengheng
believed that the best and cleanest heating
energy network in China in the future would
be the one that uses power grid to support
renewable shallow geothermal energy, which
is the way out for heating in northern China.
Finally, Chairman Xu Shengheng extended a
warm invitation to the delegates to visit his base
in Beijing. After the speech ended, he received
tremendous responses from the audience.
Subsequently, the session ended successfully
with a Q&A part led by representatives of the
participating companies and experts. (Chen Si)
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Susan Petty on Expanding the Reach of Geothermal Energy
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