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Ever Source Science & 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 Environmental 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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To form a solid foundation, to make all strategies practicable
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All develop sense of responsibility,and achieve pleasure at work
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Our Mission: Pragmatism and Innovation

o EMIMER: ASBANTIEEE

Our Pursue: Harmonious Coexistence of Human and Nature

® FIMEFR: AU EZSmERNER
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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Abstract: at present, the socialism with
Chinese characteristics has entered the new
era, the construction in all social aspects has
accomplished significant achievements, and
the geothermal industry is growing steadily.
In the social development situation where
the ecological civilization construction is
robustly advocated, the green development is
carried forward, the environmental protection
is promoted, and the resource saving and
cyclic utilization are advanced, thanks to the
implementation of some important plans
and policies, the construction of a batch of
key areas and major projects, as well as the



promotion of tremendous new technologies for
geothermal energy development and utilization,
new development opportunities are brought
to the geothermal industry. Different forms of
and different utilization modes of geothermal
energy will be faced with a wider market and a
higher industrial growth. To follow the industrial
development in the new era, the geothermal
industry should seize the opportunities,
meet the challenges, make innovations and
breakthroughs, and achieve success in the
future. In such aspects as upper decision-
making, project construction, technical innovation
and management, this paper analyzes the
situations, features and existing problems of
current geothermal industrial development, and
raises relevant suggestions, for the purpose of
joint discussion and mutual reference.

Key words:

new era; geothermal; planning and
construction; technical innovation;
management

Currently, China’s geothermal industry is
developing rapidly, and the direct geothermal
utilization (non-electric) has been No. 1
for many years consecutively in the world.
In particular, in 2017, in the wake of the
holding of the 19th National Congress of the
Communist Party of China, the publishing of
‘the Thirteenth Five-year Plan’ for Geothermal
Energy Development and Utilization, the
construction of Beijing Urban Sub-center, and
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the establishment of Xiongan New Area, the
geothermal development and utilization enter
a golden period, which greatly inspires us and
spurs us to persistently advance bravely.

Through hardships, brilliant achievements
have been made in the geothermal industry,
and we are so proud of them. In spite of great
success, we should still stick to the original
intention, spare no effort to advance bravely,
and follow the industrial development trend
in the new era. By virtue of this occasion, we
want to share some experiences and feelings
with you, for the purpose of joint discussion and
mutual reference, and let us work together to
make the geothermal industry big and strong,
and build the Chinese Brand.

1. China’'s Geothermal Memory in 2017

For the Chinese geothermal workers, Year
2017 should be kept in mind. In 2017, the
national guidelines, policies and plans,and
implementation and construction of numerous
major geothermal projects revealed an
important message, hamely, the geothermal
development and utilization have been really
valued by the State and the society. The
most profound feelings are embodied in the
following points:

1.1 Memory of the “19th National
Congress of the Communist Party of China”

On October 18, 2017, at the “19th National
Congress of the Communist Party of China”,
in the report, General Secretary Xi Jinping put
forward accelerating the ecological civilization
system reform and building the Beautiful
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China”.“Carry forward the green development”,
“advance the comprehensive resource saving
and cyclic utilization”, “reduce the energy
consumption”, “continuously implement the
atmospheric pollution prevention and control”,
“enhance the ecological system protection”
and other key expressions show that the
ecological civilization construction is promoted
to a new height. China’s modernization is the
modernization of harmonious co-existence
between human and nature and takes the
development road of “respect for nature,
conformance to nature and protection of
nature”. As a kind of renewable energy, the
geothermal energy is characterized by clean,
efficient, renewable, cyclic, large reserves,
extensive distribution and local use. The
reasonable development and utilization
can save the resources and protect the
environment, and will play a remarkable role in
the ecological civilization construction. Close
attention should be paid to the environmental
protection in the national development, and
the geothermal energy is needed in the
environmental protection promotion.

1.2 Memory of “Upper Plan”

In January 2017, the National Development
and Reform Commission, the National Energy
Administration and the Ministry of Land and
Resources jointly printed and distributed the
“Thirteenth Five-year Plan” for Geothermal
Energy Development and Utilization. This is the
first national plan in the geothermal industry.
According to the Plan, during the “Thirteenth
Five-year” Plan, the newly-added heating
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(cooling) area of geothermal energy will be
1,100,000,000m?, including 700,000,000m*
newly-added heating (cooling) area of shallow
geothermal energy, and 400,000,000m* newly-
added heating area of hydrothermal geothermal
energy. By 2020, the total heating (cooling) area
of geothermal energy will be 1,600,000,000m?,
and the installed capacity of geothermal power
generation will be about 530MW. Besides,
the specific indexes will be decomposed to
different provinces and municipalities. The
geothermal industrial development has the
national special plans, guidelines and goals,
and national support and guarantee. This is a
new breakthrough with milestone meanings in
China’s geothermal work.

To deeply implement the spirit of the 19th
National Congress of the Communist Party
of China, in December 2017, 10 ministries
and commissions, including the National
Development and Reform Commission, the
National Energy Administration, the Ministry
of Finance, and the Ministry of Environmental
Protection, jointly printed and distributed the
Clean Heating Plan (2017-2021) in Winter in
the Northern Region, which is aimed to improve
the clean heating in the Northern Region and
reduce the atmospheric pollutant discharge.
The key areas of pollution prevention and
control are Beijing-Tianjin-Hebei “2+26” key
cities. Subject to the Plan, by 2019, the clean
heating rate in the Northern Region will reach
50%, replacing 74,000,000t scattered fired
coal (including low efficiency small boiler
coal). By 2021, the clean heating rate in the



Northern Region will reach 70%, replacing
150,000,000t scattered fired coal (including
low efficiency small boiler coal). The heating
area of geothermal energy was 500,000,000m?
at the end of 2016, and it will increase to
1,000,000,000m by 2021.

These plans co-build a wonderful development
blueprint for the geothermal industry.

1.3 Memory of “Major Projects”

In 2017, a batch of national major
construction projects adopted the shallow
geothermal energy and medium-deep
hydrothermal geothermal energy for building
heating and cooling, which undoubtedly
recognizes the geothermal development and
utilization technologies and embodies the
geothermal advantages, namely, efficient and
energy saving, in the large scale application.
Take the large construction projects around us
as an example:

Pursuant to the Development Program for
New Energy and Renewable Energy during the
“Thirteenth Five-year Plan” of Beijing, by 2020,
the proportion of new energy and renewable
energy utilization in the administrative office
areas in the Urban Sub-center will be more
than 40%, and the proportion of new energy
and renewable energy utilization in the whole
areas of Urban Sub-center will be more than
15%. On the one hand, the geothermal energy
is the absolute main force in the realization
of renewable energy index. On the other
hand, by the innovated smart regulation
technology of energy operation information,
the intelligent coupling operation of new energy
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and renewable energy and conventional
energy system is achieved, and the renewable
energy demonstration area at the international
advanced level is created, which innovates
the geothermal utilization technology, and
builds a good model for the global regional
energy development. Thanks to the good
opportunities of high-level planning, advanced
thinking, and key area and project construction,
the excellent experience and technologies
are disseminated and the whole geothermal
industrial development is promoted, providing a
broader platform for the industrial development.
To create the “nearly zero carbon emission
area” demonstration project, Phase | Project of
Core Office Area of Beijing Urban Sub-center
adopts the shallow geothermal energy and
medium-deep hydrothermal geothermal energy
for building heating and cooling, dramatically
reducing the pollutant discharge and regional
energy consumption.

In the construction project of Beijing’'s New
Airport, it has been determined that about
2,500,000m?” airport supporting buildings
will adopt the shallow geothermal energy for
heating and cooling, effectively promoting the
regional renewable energy utilization rate.

The geothermal energy has displayed
its advantages. In the future, in the “green
development” themed era, more projects will
adopt this mature technology. At the same
time, the regional energy smart management,
internet+ new energy, heat network fusion
and other innovative matters will be worth our
research and attention.
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2. Features of Geothermal Industrial Development in New Era

The geothermal development direction in future will be the
development and utilization dominated by resolving the heating in
the Northern Region. At present, the geothermal industry mainly
has the following features:

2.1 The geothermal energy is “hot” unprecedentedly and
“warms” the shallow geothermal energy industry nationwide.

Presently, supported by the upper plan and accepted by the
general public, the geothermal industrial development may be
considered No. 1 in the renewable energy heating. “Geothermal
energy” concept is deeply rooted among the people and its
features, such as clean, renewable and large reserves, are popular
with the social public. “Geothermal energy” really becomes “hot”,
and it also drives the development of shallow geothermal energy
industry. Refer to Fig. 1 for the heating area of shallow geothermal
energy nationwide. According to the figures, the shallow
geothermal energy industry is growing rapidly, and the industry is
really “warmed” by “geothermal energy”.

Area (100 million m?)
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a |-

3
3
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2000.  2009. 2013. 2015. 2016.

Figure 1 Application Area Statistics of Shallow Geothermal Energy In China

2.2 The shallow geothermal energy industry presents the
high-speed development due to the clean heating and haze
control in the Northern Region.

Currently, the haze problem is serious in winter in the Northern
Region of China, especially Beijing-Tianjin-Hebei Region. The coal-
fired heating in winter is an important cause for haze. In December
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2016, the clean heating
issue in the Northern
Region was presented
at the 14th meeting of
the Central Leading
Group for Financial and
Economic Affairs. The local
governments in Beijing,
Tianjin and Hebei launch
relevant policies and adopt
the coal-to-electricity, coal-
to-gas and other ways to
realize the clean heating
reform. As a kind of
clean energy, the shallow
geothermal energy heating
will certainly play a more
important and irreplaceable
role in the current situation.
In 2010, the heating area
of shallow geothermal
energy of Beijing was
19,570,000m?. In 2015,
it was 40,000,000m>.
However, by 2020, it is
estimated that the heating
area of shallow geothermal
energy of Beijing will be
more than 50,000,000m?.
2.3 The encouragement
policies are launched
intensively and the
governments at all
levels positively carry
out the promotion,



which is comprehensively favorable for the
development of shallow geothermal energy
industry.

In the past two years, the encouragement
policies have been launched intensively.
In September 2017, 4 ministries and
commissions, including the Ministry of Housing
and Urban-Rural Development and the National
Development and Reform Commission of the
People’s Republic of China, jointly issued the
Guiding Opinions on Boosting the Urban Clean
Heating in Northern Heating Region. According
to the Guiding Opinions, advancing the clean
heating in wither in the Northern Region was an
important strategic deployment proposed by the
Central Government. The renewable energy
heating projects, including the geothermal
energy, should be robustly carried forward. In
December 2017, 6 ministries and commissions,
including the National Development and
Reform Commission and the Ministry of Land
and Resources, jointly issued the Circular
on Promoting the Fire Coal Reduction and
Replacement in the Northern Heating Region
by Accelerating the Shallow Geothermal
Energy Development and Utilization, which
required accelerating the promotion of shallow
geothermal energy development and utilization
and robustly driving the shallow geothermal
energy utilization in this Region.

The local governments also respond to
the call in succession, and formulate the
implementation schemes. With Beijing as an
example, after the State Council published
the Action Plan for Prevention and Control
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of Atmospheric Pollution, Beijing published
the Action Plan for Clean Air from 2013 to
2017 of Beijing in 2013. In December 2013,
6 departments, including Beijing Municipal
Commission of Development and Reform,
printed and distributed the Implementation
Opinions on Further Promoting the Geothermal
Energy Development and Heat Pump System
Utilization; in June 2016, Beijing Municipal
Commission of Development and Reform
printed and distributed the Circular on
Further Specifying the Support Policies for
Coal to Ground Source Heat Pump Project;
in September 2016, Beijing published the
Development Program for New Energy and
Renewable Energy during the “Thirteenth
Five-year Plan”; in February 2017, the
General Office of Beijing Municipal People’s
Government printed and distributed the 2017
Work Program for Clean Heating in Winter of
Rural Villages in Beijing. These encouragement
policies show that the shallow geothermal
energy system construction will be robustly
developed, and the support funds will be
enhanced. The subsidy amount changes from
30% to 50%, the preferential electricity price is
provided, and unprecedentedly strong support
is provided. Likewise, this greatly drives the
market development. The users have demands
and subsidies, the equipment suppliers
possess thesales volume and markets, and
the construction units obtain the projects and
earnings. Besides, the governmental regulation
achieves great effects, and the environmental
protection is promoted.
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2.4 The hydrothermal geothermal heating
shows its capabilities due to the key area
and project construction.

With the key area and project construction
as an opportunity, by the comprehensive
application of multi-energy complementary
model and smart energy technology, creating
a batch of new energy and renewable energy
demonstration areas at the international
advanced level is the energy construction and
development model robustly advocated by the
government currently. The geothermal industrial
development becomes an indispensable part in
this model.

According to information at the promotion
meeting of coordinated development work of
Beijing, Tianjin and Hebei held on January
2, 2018, the planning framework of Xiongan
New Area in Hebei is basically mature. In the
future, Xiongan New Area will build the green
smart new city. Only when 100% replacement
of fossil energy by new energy and renewable
energy is realized can the green smart city
be constructed really. In the removal of fossil
energy, the renewable energy should be
developed with all the strength and solar
energy, geothermal energy, wind energy and
other resources should be made full use of at
first. In Xiongan Area, the geothermal fields
cover an area of 320km?, and the geothermal
water reserves are 82,178,000,000m°, which
may replace 6,630,000,000t standard coal.
However, the current development and
utilization amount only accounts for 6% of total
recoverable reserves. The Ministry of Land and
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Resources has planned “Create the Global
Geothermal Utilization Model”. Therefore, in the
near future, the geothermal industry will fulfill its
potential in Xiongan New Area.

2.5 The hydrothermal geothermal power
generation and hot dry rock utilization will
face a new rise in the new starting point.

After the completion of Yangbajing
Geothermal Power Station in Tibet in 1977, so
far, the geothermal power generation has not
bloomed everywhere. Presently, due to the plan
printing and distribution, technical progress and
other factors, the geothermal power generation
which has stagnated for years is “hot”
again. Some new power stations have been
constructed in Yunnan and other places, which
will certainly drive the rapid development of
China’s geothermal power generation industry,
and will play an important role in the distributed
power generation, new energy development
along the Belt and Road and other aspects.
Compared with the power grid impact defect
of photoelectricity and wind power fluctuation,
the geothermal power generation is more
continuously stable. China has given explicit
on-grid electricity price policies for photovoltaic
and wind power generation. However, there are
no relevant support policies for the geothermal
power generation, and the industrial
development still expects the policy support.

The hot dry rock is the efficient low carbon
clean energy acknowledged in the international
community. In September 2017, Chinese
scientists had drilled 236°C high temperature
hot dry rock body at 3,705m depth of Gonghe



Basin in Qinghai. This is the hot dry rock body of
the highest temperature drilled for the first time
in China, and it is a significant breakthrough in
the hot dry rock exploration. According to the
preliminary evaluation by China Geological
Survey, the resources of hot dry rock in the
land areas of China are 856 trillion tons of
standard coal. Subject to the international
standard, per 2% as the recoverable resources,
the recoverable resources of hot dry rock in
the land areas nationwide are 17 trillion tons of
standard coal. Compared with the traditional
hydrothermal geothermal energy, the hot dry
rock temperature is higher and the energy
resources are richer. Based on the preliminary
investigation results of China Geological
Survey, China’s southeastern coastal areas,
Songliao Plain, North China Plain and Qinghai-
Tibet Plateau Regions are potential regions
for exploration and development of hot dry
rock in the future. The international community
attaches great importance to the exploration
and development of hot dry rock. For example,
the USA has carried out the experimental
power generation of hot dry rock in some
regions. In China, the development of hot dry
rock, especially the commercial development,
is still in the exploration stage presently, but its
prospect is broad.

3. New Achievement Generated in Industrial
Development in New Era

At present, we are forging ahead on the
socialist road with Chinese characteristics
in the new era. We should carry on the past
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and open a way for future, and have a new
look, thought and practice in the new era.
“Two Centenary Goals” have pointed out the
advancing direction and goal for us. We should
follow the development of times and innovate
the plan, thought, technology and model. There
are many excellent results in the geothermal
industry and they are mainly embodied in the
following aspects:

3.1 System integration

The multi-energy complementary “shallow
geothermal energy+” according to the local
conditions is the construction model robustly
developedin the ground source heat pump
industry in recent years. The regional natural
resource conditions and features are fully
considered, the resource development and
utilization are reasonably deployed, and
the intensive and economical utilization
of resources is really realized, which is
summarized by us as “four combinations”,
namely, “deep and shallow combination,
sky and earth combination, regulation and
storage combination, and exterior and interior
combination”. These four kinds of combination
modes are not isolated, but they may be
mutually combined. In a word, based on the
resource conditions in different regions, various
kinds of resources should be made use of to
the greatest extent, and the resource utilization
efficiency should be improved.

3.2 Technical innovation

To meet the rapid development requirements
in the geothermal industry, tremendous
new technologies arise, and the technical
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improvement also propels the industrial progress,
which is worth our study and promotion.

(1) Cascade utilization of hydrothermal
geothermal resources

Generally speaking, for higher than 150°C
hightemperature geothermal resources, the
exploitable fluid belongs to the steam type in
most cases, the distribution areas are limited,
and they are mainly used for power generation.
The easily exploited geothermal resources in
most regions of China are lower than 150°C
medium and low temperature geothermal
resources, and the exploitable fluid belongs
to the hydrothermal type. After the extraction
of heat, the geothermal water circulated in
the closed pipeline is often recharged back
to the underground, so as to guarantee the
cyclic utilization of geothermal resources.
However, the temperature of some high-quality
geothermal water resources is relatively high.
After the extraction of heat for the first time,
relatively high water temperature is still kept,
and it is 40-50°C or even higher and much
heat still exists. If such geothermal tail water
is directly recharged back to the underground,
it is a waste of energy resource. Therefore,
for the geothermal tail water of relatively good
guality, the best practice is the re-extraction
of heat or extraction of heat for many times
through the heat pump system. After the
water temperature is lowered to 20-30°C, the
recharging is done. This practice is called the
cascade utilization of geothermal water. One
the one hand, the utilization rate of geothermal
resources is improved, the unit water energy
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supply is increased, and the system efficiency
is promoted. On the other hand, the geothermal
water purposes are more extensive, and
multiple temperature requirements may be met
simultaneously. Hence, the cascade utilization
of high-quality geothermal water should be
robustly promoted.

(2) Heat pump technology + hotdry
geothermal resources

The hotdry geothermal resourcesare
characterized by relatively high underground
thermal layer temperature, without exploitable
fluid. To exploit such geothermal resources,
we adopt a new method: deliver the water
aboveground to the underground thermal layer
for full heat transfer; extract the hot water to the
ground, and extract the heat in the hot water
by the heat pump; re-deliver the tail water after
the heat extraction to the underground thermal
layer for heat transfer, and the cyclic operation
is carried out. The advantages are as follows:
the regional geothermal resource conditions
are made full use of; in the regions with scarce
water resources, as long as the formation
temperature is met and there aresufficient
heat reserves, the geothermal energy may be
exploited; besides, recharging or underground
water resource restriction does not exist. At
present, this new method is being tried in many
regions ofChina. Some projects have adopted
this method and they have achieved good
effects, for example, the project in Xi'an.

(3) New underground pipe heat exchanger

The underground heat exchanger of
traditional underground pipe ground source



heat pump system adopts the single U or
double U shaped HDPE pipe. Generally, the
burial depth of underground heat exchanger
is dozens of meters to 150m in most cases
according to different projects. Since the heat
transfer capacity of single heat transfer hole
is limited, for the ground source heat pump
project, it is required to construct dozens of or
hundreds of heat transfer holes of underground
pipe. Even, it is required to construct thousands
of or over ten thousands of heat transfer
holes. After the calculation per 4-5m spacing
of heat transfer holes, the floor area is large.
In particular, in the cities with dense buildings,
the available land area is extremely restricted.
In this case, we have organized the research
on a new underground pipe heat exchanger-
concentric double-pipe heat exchanger, and
carry out the test installation. The heat transfer
medium water enters from the double-pipe
interlayer,the spiral screw thread is set in the
interlayer pipe pass, and the full heat transfer
between water and rock and soil outside the
pipe is guaranteed. The water after the heat
transfer is extracted from the inner pipe at the
double-pipe bottom, and it enters the heat
pump unit for heat transfer. The water after the
heat transfer is re-delivered back to the double-
pipe heat exchanger, and the cyclic operation
is carried out. According to the test, under the
same burial depth conditions of underground
pipe, the heat transfer capacity of single heat
transfer hole is obviously improved, and the
construction quantity of heat transfer hole of
underground pipe is effectively decreased. In
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the future, the researchers will continuously
research relevant technologies, such as buried
pipe spacing control, interlayer screw thread
setting, pipe selection and thermal insulation,
and work hard to consummate the research
results and rapidly promote and apply them.
Besides, there are some new trials, for
instance, the utilization form of geothermal
energy in the northern cold regions of China.
The shallow formation rock and soil temperature
is relatively low, and the heat cannot meet the
building heating requirements. We organize
the trial for breaking 200m limitations of
shallow geothermal energy, and seek more
heat sources from the underground rock and
soil at 400-500m or even deeper. Some large
surface water source heat pump projects are
promoted, and river water, lake water and sea
water are used by us. The utilization of urban
reclaimed water thermal energy, promotion of
urban wastewater utilization and other cases
show that the researchers are speeding up the
technical innovation day and night, innovating
the thoughts, and making unprecedentedly
bold trials, so as to follow the development of
times. They propel the industrial development
and have led the world advanced technology.
3.3 New Model of Regional Energy Supply
For the time being, the geothermal project
has gradually developed from the single
small-scale project to the centralized large-
scale construction. There are many excellent
large-scale application cases, such as
Beijing Urban Sub-center and Beijing’s New
Airport Project, and they are huge projects
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in the world. Beijing Geological and Mineral
Exploration and Development Bureau has
independently researched and developed
SGIS smart geothermal energy system
integration technology, and formed a complete
set of smart coupling system covering the
shallow geothermal energy development and
utilization design, construction, operation and
management. Besides, it has initiated the
smart control system of aboveground and
underground stereoscopic monitoring and joint
debugging, and bearing capacity monitoring
system of shallow geothermal energy
resources, and has applied such integrated
technology to Beijing Urban Sub-center and
other large projects.

In the future, in Beijing-Tianjin-Hebei
coordinated development area, Xiongan
New Area, Beijing International Horticultural
Exposition, Beijing Winter Olympics Area,
key development area in different places
and other major project construction areas,
the geothermal energy will also stand out
conspicuously or even draw much attention
from people. Therefore, we should think more
about how to make the geothermal energy
better adapt to the regional energy supply
model, how to integrate with other energy
supply forms in such aspects as resource,
technology, construction, operation, capital
and management, how to integrate with other
regional facilities and functions, how to embody
the friendly man-machine environment and
how to embody the intelligentization. This is the
really high-level project embodiment.
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4. Several Issues To Which Close Attention
Should Be Paid

So far, the technical feasibility and practical
operationof China’s geothermal industrial
development are mature. However, relevant
details still need improvement, and we should
pay close attention to them.

4.1 Recharging of geothermal water

The heat storage medium of hydrothermal
geothermal resources is water. Based on
different regional resource conditions, there is
rich underground hot water in some places, but
there is little water or even no water in some
places. In the region with rich groundwater,
the exploitable hot water reserves are limited
to a certain extent. Different from the shallow
groundwater and surface water, the deep
groundwater has a slow natural supplement
rate. The rate of water exploitation of ordinary
geothermal project is far greater than its
natural supplement rate. If much groundwater
is exploited for a long time, without effective
supplement, the exploitable geothermal
resources will be fewer increasingly, and they
will be exhausted gradually. Consequently,
“renewable” turns into “non-renewable”. In
many regions of China, after the extraction
of heat, the exploited geothermal water is
not recharged, and much groundwater is
discharged at will. As a result, the groundwater
level decreases sharply. In the later stage, no
water may be exploited even. Such problems
exist in many projects in Shandong, Hebei
and Henan. Therefore, close attention should
be paid to them. Such extensive development



and utilization modes are not in line with the
ecological environmental protection, and cannot
realize the cyclic utilization of energy, so they
should be eradicated. For the development and
utilization of hydrothermal geothermal resources,
the development philosophy of “exploitation
subject to recharging” may be promoted.
In other words, according to the recharging
amount of geothermal water, the exploitation
strength is decided, and 100% recharging and
cyclic resources should be realized. In addition,
the aboveground and underground monitoring
system must be established for the government
subsidized projects.

4.2 Management

The effective management advancing
with the time is the precondition for boosting
the industrial development. The imperfect
management and deficient regulation will often
constrain the industrial progress.

(1) Cross management

Currently, in some places of China, the mining
right management of geothermal resources
belongs to the function of land department, but
the groundwater extraction permit is subject
to the approval by the water department.
The multi-departmental cross approval and
management restrict the geothermal industrial
development and they are primary causes for
not recharging the geothermal water presently.

(2) Geothermal mining right approval

From the launch of the Circular of the Ministry
of Land and Resources on Promoting the
Package Exploration by Further Improving
the Mining Right Management in 2011, great
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adjustments have been made in the mining
right approval procedures. It is not allowed to
approve the mining right which is not filed in
advance. As a result, many market demands
are restricted to different degrees. After the
publishing of the Circular of the Ministry of
Land and Resources on Doing Relevant Work
after Cancellation of Setting Scheme Approval
or Filing Approval of Mining Right in 2015, the
mining right approval policy is re-adjusted,
the separate mining right setting scheme is
cancelled, and it is brought into the “mineral
resource planning” for uniform approval. As
the new “mineral resource planning” is not
officially published, some effects will be left
on the release of market demands. From the
compilation of mining right setting scheme to
the revision of mineral resource planning, and
from the policy launch to the implementation of
provincial and municipal policies, as well as the
approval procedure adjustment, it often takes
a relatively long time, invisibly restricting the
implementation of many market projects.

(3) Management blank area

In recent years, the medium-deephotdry
geothermal resources rise. However, in most
regions of China, there is no relevant department
for the management of this kind of new
geothermal resources in which “heat is extracted
but water is not extracted”. How to reasonably
and lawfully apply them, and how to divide the
labor and track them for the management service
department are issues pursued in the industry
all the time. The management blank also affects
their healthy development.
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(4) Construction supervision and
management
At present, the systematic construction
has relevant technical codes and standards.
However, in the actual engineering project, the
supervision and management of underground
construction of underground pipe are not
effectively carried out, and the quality control
has deficiencies. After the project completion,
the underground pipe belongs to the
concealed works and cannot be inspected and
checked. Most projects can only rely on the
conscientious projects of the construction unit.
The jerry-built projects and incidents impairing
the industrial reputation happen occasionally,
which is unfavorable for the promotion and
application of geothermal energy.

5. Future Development Prospect

Currently, China’s geothermal industry is in
the rapid development period, many support
policies are launched, the geothermal industry
is robustly promoted by the society, and the
environmental protection awareness of the
public is enhanced. Therefore, for a period of
time in future, the industrial development will
still maintain the high growth. Thanks to the
comprehensive implementation of new plans
and policies, it is estimated that the blowout
development will occur from now on. In the
future, the geothermal market is broad and
“cake” is huge. As for how to grasp this good
opportunity, the industrial workers should set
about the things in the most fundamental
aspects: firstly, do a good job of self-discipline,
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do everything in a thoroughgoing and serious
manner, and work meticulously and create
fine projects based on tough standards and
requirements; have the long-term development
sight, and carry out the honest operation and
mutual support to make common progress;
secondly, take the initiative, incorporate things
of diverse nature, and ensure that each gives
full play to his strong point; the workers bring
their strong points in the professional field
into play, carry out the mutual learning and
advance together, and jointly welcome the
golden new era.

1.Li Ningbo et al., 2017. How to Realize
“Shallow Geothermal Energy+" Model. Urban
Geology, 12(3), 7-13

2.National Development and Reform
Commission, National Energy Administration,
Ministry of Land and Resources, 2017.
“Thirteenth Five-year Plan” for Geothermal
Energy Development and Utilization[R]

3.Beijing Municipal Commission
of Development and Reform, 2016.
Development Program for New Energy and
Renewable Energy during the “Thirteenth
Five-year Plan” of Beijing[R]

4.China Geological Survey, Hebei
Provincial Department of Land and
Resources, Hebei Bureau of Geology and
Mineral Resources Exploration, 2017.
Geological Survey Report on Supporting and
Serving the Planning and Construction of
Xiongan New Area[R]
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In the development of “all clean”final energy
consumption Xiongan creates the global

geothermal utilization model

Author: Specially Invited Journalist/Li Jing

“China in the New Era: Xiongan-A
Vision for the Future of Cities” themed
MFA Presenting Xiongan New Area, Hebei
is held in Beijing. At the meeting, Xu Qin,
Deputy Secretary of Provincial Party
Committee and Provincial Governor of
Hebei, introduces “Xiongan New Area”, a
future city. He says that Xiongan New Area
is a green and ecological future city, and
will plan and construct the scientific and
reasonable spatial layout, build the urban
feature and style in the new era and stick
to the green and low-carbon development.
In particular, he mentions that the final
energy consumption will adopt the clean
energy, the electric power will be the wind
power and photoelectricity from Zhangbei,
Hebei Province, and Xiongan New Area
will make the most of local geothermal
resources in a scientific manner, so as to
really build a green, low-carbon and livable
new city.

Not Easy “All Clean”Final Energy

At home and abroad, “all the final energy
consumption is clean energy” is not easily
achieved.

With some countries and regions whose
population scale is approximate to Xiongan
New Area as an example, 94% electric
power supply in 2015 of Uruguay, a
South American country with a population
of 3.4 million, came from wind energy,
hydroenergy, solar energy, biomass energy
and other clean energy; Schleswig-Holstein,
a northern city of Germany with a population
of 2.82 million, realized 100% clean supply
in 2011; reliant on wind energy, solar
energy, hydroenergy and other renewable
resources, Qinghai Province of China with a
population of 5.88 million realized all clean
energy power supply for seven days (168h)
consecutively in June 2017 and for nine
days (216h) in June 2018.

However, the abovementioned countries
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and regions have a common feature,
namely, clean energy enrichment. The wind
energy alone in Uruguay may provide 38%
electric power supply, Schleswig-Holstein
is one of the regions which start the wind
energy utilization at the earliest in the world,
and Qinghai Province of China is a province
with rich clean energy.

In terms of resource endowment, how can
Xiongan New Area, which does not belong
to the clean energy enrichment place, realize
the goal of “all the final energy consumption
is clean energy”?

Create the Global Geothermal Utilization Model

As a matter of fact, Xiongan New
Area has its own advantageous energy.
For instance, the geothermal energy
distributed in Xiongxian County and
Anxin County is its advantageous energy
primarily, and the preliminarily explored
recoverable geothermal resources are
14,200,000,000GJ.

Several years ago, the former Xiongxian
County of Hebei Province was in the front
rank of geothermal energy development
and utilization nationwide. In April 2017,
Xiongan New Area, a state-level new area,
was established. To construct the “blue and
green interlaced, fresh and bright, water city
co-integrated, and multi-cluster intensive
and compact development ecological
city”, Xiongan New Area presents the
“geothermal energy dominant and multi-
energy complementary” heating scheme,
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and regards “create the global geothermal
utilization model” as one of the goals. In
August 2017, according to the geological
survey findings, Xiongan New Area
has excellent geological conditions, the
development and utilization conditions of
shallow geothermal energy in the Area are
appropriate, and the heating requirements of
about 100,000,000m2 buildings may be met.

Subject to the Outline of the Program
for Xiongan New Area in Hebei, Xiongan
New Area will scientifically make use of
the geothermal resources in the Area,
comprehensively utilize the urban waste heat
resources, and reasonably exploit the heat
sources around the New Area. In May 2018,
as the first construction project in Xiongan
New Area, Xiongan Citizen Service Center
was officially open. In the Park, through 1,510
pieces of 120m deep underground pipes,
the shallow geothermal energy is extracted
from the soil. The shallow geothermal
energy alone may provide 70%-75%heating
energy supply sources for the whole Park.
Meanwhile, based on the “mature technology
+ system innovation” design philosophy, with
the environmental temperature difference in
winter and summer of domestic wastewater
as the auxiliary energy supply source, by
virtue of the peak-valley electricity price
regulation and energy storage, and recycling
of air conditioning circulating water heat,
the safe, green, clean and efficient energy
supply goal is achieved. Compared with
the energy supply scheme of use of electric



energy alone, under the premise that the
initial investment is equivalent, the operating
expenses are greatly reduced, the electricity
consumption in winter decreases by two
thirds, and the electricity consumption in
summer decreases by one third, and the
saved energy exceeds 600t standard coal
after conversion.

The expert team headed by Chen
Weijiang, Academician of Chinese Academy
of Sciences, raises the suggestions on
the “Smart Energy Strategic Research of
Xiongan New Area”, a major consulting
project: as a piece of “blank paper”,
Xiongan’'s energy system does not have the
traditional path dependence and existing
interest barrier. Xiongan New Area in the
future should construct the “development-
driven” urban energy system, and bring
the functional role of energy driving the all-
around urban development into full play
on the basis of guaranteeing the high-level

energy supply.

The unconventional heat source should be
promoted and supported as well.

With the launch of the “Thirteenth Five-year
Plan” for Geothermal Energy Development
and Utilization, the first national plan in the
geothermal industry, different provinces
compile and launch their “Thirteenth Five-
year Plan” for geothermal utilization in
succession. At the same time, the promotion
space of China’s geothermal energy
utilization draws extensive attention.
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Delightfully, the structural changes have
taken place in the direct utilization of
geothermal energy. At the end of 2014, in
China’s geothermal utilization, the ground
source heat pump, geothermal heating and
hot spring bathing accounted for 58%, 19%
and 18% respectively. The proportion of
geothermal heating surpasses the hot spring
bathing for the first time.

At the “2018 Zhongneng Chemical
Geothermal Energy Development Forum”
recently, Cao Yaofeng, Academician of
Chinese Academy of Engineering, and
Director of Steering Committee of the
Geothermal Energy Center of China,
expressed that the geothermal energy
would play an important role in the fire coal
replacement in the traditional heating area
and in the clean heating in the newly-added
heating area.

He thinks that the geothermal energy, as
a major form of renewable energy heating,
has a great development space in the future.
However, the development and utilization
of China’s geothermal energy should
accelerate the top-level design. Firstly,
based on the national geothermal resource
survey and evaluation, ascertain the quality
and quantity of hydrothermal geothermal
area (field) and shallow geothermal energy,
so as to provide a basis for reasonable
development; secondly, enhance the
technological breakthrough, reward the good
and punish the bad, tackle key problems
and achieve breakthroughs in the sandstone
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recharging, single well heat transfer, hot
dry rock development and other bottleneck
technologies. In the meantime, the urban
wastewater waste heat, oil production
wastewater waste heat, industrial waste

the People’s Government of Hebei Province.

Accelerate the Layout[EB/OL].

Daily Overseas Edition, June 27, 2018, Sheet 05
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heat, underground coal mine waste heat and
other “unconventional heat sources” should
be regarded an important part of geothermal
energy development and utilization and they
should be promoted and supported.
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Abstract:As an alternative method of
implementing environmentally friendly
geothermal systems for space heating and/or
cooling, groundwater has been increasingly
used in open-loop ground-coupled heat-
pump systems. Of various groundwater
heat-pump configurations,the single-well
circulation systems tend to provide the best
geothermal exchange efficiency where
the hydrogeological and thermogeological
conditions allow for their installation. In
comparison with the closed-loop systems
consisting of geothermal boreholes,
the single-well circulation systems may
substantially reduce the number of boreholes
needed, especially for large-scale geothermal
applications. In small-scale applications of the
single-well circulation system, the groundwater
circulation supplies enough thermal energy
underground that the temperature of the
circulating water remains stable through

the years. For district scale applications,
however, further studies are needed to fully
understand their sustainability and the impacts
on groundwater quality from operating ground-
coupled heat-pump systems.

Key words:

Ground-coupled heat-pump systems;
Single-well circulation system;
Hydrogeological and
thermogeological conditions;
Geothermal exchange efficiency

Introduction

Over the last ten years, ground-coupled
heat-pump systems(GCHPs) have been
increasingly used as an efficient and renewable
alternative for space heating and/or cooling
(Lund and Boyd 2015). Such GCHPs have the
advantage of using the ambient temperatures
at shallow depths, reducing both fuel
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consumption and greenhouse gas emission.
The technology taps low-temperature (usually
less than 30°C ) heat energy that is stored in
heat reservoirs, which are composed of soll,
rock and groundwater at depths less than
approximately 200 m. Unlike high-temperature
geothermal energy, which is usually obtainable
in areas of high magmatic activity or at depths
of over 1 km, the low-temperature heat energy
is derived primarily from solar energy. Typical
GCHPs consist of three components: ground
heat exchanger, heat-pump unit and air
delivery system. In the winter, the heat pump
removes heat from the heat exchanger and
pumps it into the indoor air delivery system,
moving heat from the ground to the building’s
interior. In the summer, the process is
reversed, and the heat pump moves heat
from the indoor air into the heat exchanger,
effectively moving the heat from indoors
to the ground. The heat removed from the
indoor air during the summer can also be
used to heat water, providing a free source
of hot water. Of the three components, the
ground heat exchanger plays the most
important role in long-term performance
of the system. The heat exchangers are
composed of pipes or heat collectors
installed in heat reservoirs near buildings.
The underground temperature balance must
be maintained through proper design of the
heat exchangers to ensure energy efficiency
of the entire system.

While closed-loop borehole GCHPs remain
the industry standard because they can be
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literally done anywhere, open-loop GCHPs
using groundwater as a heat exchanger
have also gained momentum in an effort to
increase the geothermal exchange efficiency
and decrease the number of boreholes
drilled. A new discipline, thermogeology,
has recently been developed for the study
of ground source heat and proper design of
the ground heat exchangers (Bank 2009).
Because of the close analogy between
groundwater flow and thermal convection,
many hydrogeological concepts are readily
adapted to thermogeology. Depending on how
the pumped groundwater is discharged, there
exist four configurations of groundwater heat-
pump systems (Wu et al. 2014):

» Two-well circulation system: Pumped
groundwater is returned to the subsurface
through injection wells some distance away
from the pumping wells.

+ Single-well extraction system: Pumped
groundwater is not returned to the
subsurface rather is discharged onto surface.

» Standing column well system: Pumped
groundwater is returned to the subsurface
through the same well where the intake and
injection sections are not hydraulically separated.

+ Single-well circulation system: Pumped
groundwater is returned to the subsurface
through the same well where the intake and
injection sections are hydraulically separated.

Of the groundwater heat-pump systems,
the single-well circulation system provides
the greatest geothermal supply capacity with
a low space requirement. For every meter



of borehole length, a standing column well
may produce geothermal supply 10 times
more than a closed-loop borehole, whereas a
single-well circulation can produce geothermal
supply 10 times more than a standing column
well (Rybach 2015). At least two versions
of single-well circulation system are being
used in the world, one is the “Groundwater
Circulation Well” system patented by Geo-
En of Germany and the other is the “Aqui-
Flo Geothermal Energy Transfer” system
patented in the USA by Ever Source Science
& Technology Development Co., Ltd. of China.
This paper presents the general design of the
singlewell circulation system and one case
study demonstrating its application. Both the
data and case study demonstrate that the
single-well circulation systems provide the
best geothermal exchange efficiency where
the hydrogeological and thermogeological
conditions allow for their installation.

Design description

A schematic of single-well circulation
system is shown in Fig. 1. For a single-well
circulation system, the geothermal well is
constructed with two screen sections in the
target aquifer. The deeper screen section is
to facilitate pumping of the groundwater, and
the shallower screen section is to facilitate
returning the water back into the aquifer.
The two screens are hydraulically isolated
by engineering measures such as grout or
clapboards. During operating the single well
circulation system, a submersible pump is
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used to pump the groundwater with ambient
temperature at a designed flow rate. The
pumped water passes through a wellhead
heat exchanger where the return water
from the heat pump receives heat from the
groundwater. After the heat pump supplies
water at a temperature of approximately
50-55C to the fan coils for space heating,
the temperature of the water is lowered
to approximately 5-10 °C . The water is then
injected to the upper return space of the well
in a return pipe. The separation seal prevents
the return water from entering the lower part of
the well but help the return water to flow into
the aquifer, which allows the water to return
to its original temperature near the well over
time. This water then flows back into the
intake space of the well, thus sustaining the
heat balance in the groundwater.

Water h_'fter'ge.l_ilh.erlmxl ;
. emergy exchange

P A [ ,'_..

Injection Screen l

-ttt}

i e i i sl e T

e
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Fig. 1 Schematic of single-well circulation system for
geothermal energy transfer (modified from www.geo-en.de)
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A productive aquifer with a thickness
ranging from 20 to circulation system.
Although the Peclet number can be used
to determine whether an aquifer is suitable
for such a geothermal system, a general
rule of thumb is that the aquifer should
have a hydraulic conductivity of 10-3 m/sec
or higher and flow velocity of 0.5 m/day or
greater (Xu and Rybach 2003). In addition,
the aquifer should have relatively shallow
water table of no more than 30 m deep.
Detailed discussions on hydrogeological and
geothermal properties of suitable aquifers
are provided in Wu et al. (2014).

An exploratory borehole is typically
drilled to investigate the hydrogeological
conditions prior to geothermal well design
and construction. Techniques commonly
used for data collection includes soil/rock
description, sieve analysis of soil samples,
temperature profiling, geophysical borehole
logging and aquifer testing. Additional data
on geochemistry, regional geology and
hydrogeology, and thermal conductivity
may be also needed for evaluation of
environmental impacts, especially for large-
scale geothermal applications.

Site-specific hydrogeological conditions
determine the well specifications. Table
1 summarizes the general data from the
systems constructed in the USA. Another
setting for potential single-well circulation
application is flooded underground mines that
can be a significant source and geothermal
energy. Many flooded mines can readily

34

provide sustainable pump rates for geothermal
extraction because of their great efficiency
in heat exchange. The thermally spent water
can then be injected into mine workings at
higher elevations (Younger 2014).

Like any other GCHPs, the subsurface
temperatures in small-scale single-
well circulation systems are more easily
maintained. With the increase in the larger-
scale applications of GCHPs in which each
system may consist of several thousands
of boreholes or hundreds of pumping wells,
maintaining thermal balance in the subsurface
between periods of heating and cooling may
become a challenge. Further hydrogeological
and thermogeological studies are needed
to understand the long-terms impacts of the
large-scale GCHPs on groundwater systems.
Another significant problem in maintaining
thermal balance is that geothermal systems
are not always built into areas where total
annual heating equals total annual cooling.
Systems which are cooling-dominated will
increase the ground temperature, while those
that are heating-dominated will decrease the
ground temperature (Pertzborn et al. 2011).
This annual difference will accumulate over
time decreasing system efficiency requiring
additional sources of heating or chilling that
may negate the positive impacts of these green
energy initiatives (Dunn 2013). Nevertheless,
in comparison with other configurations of
GCHPs, the single-well circulation system has
distinct advantages including the following:

* Because of its efficiency in heat



exchange, the singlewell circulation system
reduces the number of wells to be drilled
significantly, approximately one tenth of the
number of wells for a closed-loop system to
produce the same amount of heat energy.

* Long-term monitoring in Germany and
China has shown negligible effects on
groundwater level and groundwater quality
from operating single-well circulation
systems (Ni et al. 2006).

* Because there is no actual water
consumption and the water is circulated only
in the vicinity of the heat exchange wells
for purpose of assimilating and dissipating
heat, geohazards, such as land subsidence
that are often associated with groundwater
abstraction can be controlled and avoided
with proper placement and design of the
heat exchanger wells.

Case study: application of single-well
circulation system to St. Joseph’s Villa,
Nebraska

St. Joseph’s Villa of David City, Nebraska,
has been home for the elderly since 1939. A
renovation that took place in 2012 included a
new heating, ventilation and air-conditioning
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(HVAC) system. After a review of the existing
system, the patented Aqui-Flo Geothermal
Energy Transfer system was selected with
use of the variable refrigerant flow (VRF)
heat pumps. The design cooling capacity
was 80 tons.

An exploratory borehole, completed in
October 2012, provided the information
required to complete the design of the
geothermal well. Additionally, the test borehole
provided sufficient detail of the aquifer to affirm
that the well would be capable of providing the
heat transfer necessary for the building.

The final design work of the HVAC system
was completed in December 2012. The
new HVAC system consisted of eight 10-
ton compressors connected with refrigerant
piping to remote evaporators, energy recovery
ventilators that provide fresh air to the north
half of the building, and a dedicated outdoor
air unit that provides fresh air to the south
half of the building. The project construction
was completed in October 2014, and the Villa
was fully transferred to the new system. Table
2 presents the design parameters of the
geothermal well.

The new Aqui-Flo Geothermal Energy

Table 1 Design parameters of geothermal wells for single-well circulation systems source http://www.hyy.com.cn

Well Well  Well casing/  Water flow
Parameters i (e
depth  diameter diameter rate (m3/h)
(m) (m) (m)
Values 88-128 0.61 0.3 46 - 69

Avf/qautlgerr Intake Injection Intake/ Screen
temperature  screen ?g;%ﬁ? injection type
(¢ length (m m separation
() gth (m) (m) (m)
Stainless
13-16 6-21 9-27 6-30 steel

wire
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Transfer System has been running efficiently
and effectively with the VRF heat-pump
system. Based on personal communication
with Mr. Shengheng Xu of Ever Source
Science & Technology Development Co., Ltd.
of China, the Aqui-Flow Geothermal Energy
Transfer system has brought the following
benefits to St. Joseph’s Villa.

Cost effectiveness

The new HVAC system utilizes the
patented Aqui-Flo Geothermal Energy
Transfer system as the heating and cooling
source for the groundwater heat pumps.
There is a direct connection to the ground
through the energy transfer system which
increases the overall efficiency of the system
and provides consistent water temperatures
throughout the entire year. Instead of using
the traditional closed-loop ground heat
exchanger with many boreholes, a single
well is used to provide the entire heat
rejection for both heating and cooling. The
water from the single well goes through a
heat exchanger in an open-loop configuration
which heats/cools the building water loop
which is connected to the heat pumps. The
water source heat pumps use the variable
refrigerant flow technology. The groundwater
source heat pumps are located in a central
mechanical room, and less costly refrigerant
piping is installed from the heat pumps to
distribution boxes and then to individual
evaporators located in each room. The water
source heat pumps boast a seasonal energy
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efficiency ratio of 23 and a coefficient of
performance of 6.3 when connected to the
ambient-temperature groundwater.

The single-well technology was cost-
effective since it requires only one well
and is capable of producing water from the
aquifer and re-injecting the water back to the
aquifer. The single well required very limited
real estate, and it was installed in a fraction
of time that would have been required for
a traditional closed-loop system. In fact,
without the single-well technology, it would
have been very difficult to use geothermal
for the heating and cooling system. The site
was very tight, and there was not enough
land for the standard geothermal boreholes.
An estimated 96 boreholes were required
for a traditional borehole system. The area
for the boreholes would need to be located
across the street on land owned by the Villa.
Installing the standard boreholes would
mean additional costs for piping and crossing
the street and would also restrict the future
development of the land where the boreholes
were located. Utilizing the single-well
technology saved an estimated $200,000 in
costs and also left the property across the
street open for future development.

Energy efficiency

One of the project goals was to have
an efficient heating and cooling system.
Table 3 shows the results of the new HVAC
system and the energy saved after one-
year operation.
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Table 2 Design parameters of geothermal well for St. Joseph’ s Villa HVAC system

Well Well Well casing/  Water flow
Parameters i screen
depth  diameter dETnetEr rate (m3/h)
(m) (m) (m)
Values 128 0.61 0.3 69

Table 3 Energy consumption of St. Joseph’ s Villa HVAC system

Time frame Electricity

Year Kwh/year

Old system 2010 -2013 520,545
New system 2015 786,993

The existing ventilation system removed air
from the resident toilet rooms. Fresh air was
brought in through vents along the exterior
wall and through a central makeup air unit.
There was no energy recovery from the air
being exhausted from the building. The new
design utilized energy recovery ventilators
and a dedicated outdoor air system to provide
tempered air to each room. The fresh air
was ducted through the corridors and was
discharged to each room. The installation
of the new HVAC system has resulted in
an overall energy savings of 26% when
compared to the previous boiler, chiller and
cooling tower system.

Indoor air quality

The existing two-pipe heating and cooling
presented many problems for the operation
of the existing system. During the spring

Aquifer o
water Intake Injection Intake/ Screen
screen L
temperature  screen length injection type
G separation
C length (m m
(C) gh(m) (M) o
Stainless
13 12 27 6 steel
wire
Natural gas Total energy Energy density
Therms/year KBtu KBtu/sq.ft.
20,479 3,824,520 104.15
1434 2,829,407 77.5

and fall seasons, the system needed to be
changed over from heating to cooling or
vice versa. The building manager needed to
guess the weather patterns and determine
the best time to switch the system. In the
spring, the start-up of the chiller was delayed
until daytime temperatures were in the 21°C .
This meant that during warm spring days,
there was no air conditioning, making it very
uncomfortable for the residents and staff.
After the chiller was started for the season,
there was no longer any heating available.
Likewise, in the fall, the boiler and heating
water system start-up was delayed until the
nighttime temperatures were in the low 10 C.
Heating was available for the colder days
and nights, but air conditioning for the warm
fall days was not available. The new HVAC
system has individual VRF heating and
cooling units in each space. The residents
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as well as the staff can adjust the space
temperature to maintain an exact set-point at
all times during the year.

Operation and maintenance

When open-loop systems are used for
water source heat pumps, there is a concern
that the water from the well could foul heat
exchangers causing a real maintenance
problem. Knowing the chemistry of the water
coming from the well is important so that
it can be properly managed. The biggest
concern is scaling since ground water is
typically on the hard side, which means
it contains a lot of dissolved solids. The
challenge then is to keep the dissolved solids
in solution so they do not plate out on the
heat exchangers. There are two key factors
that contribute to precipitation of dissolved
solids on heat exchangers; the presence of
oxygen or atmosphere and abrupt changes
in temperature. The first issue is handled by
making sure the well system is pressurized
so that no air comes in contact with the well
water. The second issue is managed by using
a building heat exchanger where the initial
temperature difference between the well
loop and the building loop does not exceed
ten degrees. The building heat exchanger is
maintainable so that it can be cleaned during
scheduled maintenance

With the single-well technology,
maintenance of the HVAC system has been
simplified since there is no longer the need to
operate and maintain a cooling tower. There
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is no need for expensive water treatment for
the cooling water nor the seasonal cleaning.
Also, not using a cooling tower eliminates
the possibility of legionella forming in the
system. With the VRF system, there is no
water circulation through the building. This
has eliminated the necessary maintenance
of pumps, piping, valves and controls. The
VRF system capable of heating or cooling at
any time and has lessened the effort of the
maintenance staff by no longer needing to
switch the system from heating to cooling and
back to heating during the spring and fall.

Environmental impact

The single-well system uses significantly
less natural gas. The consumption has been
reduced from 20,479 Therms to 1434 Therms
(Table 3). This represents a reduction of 95
metric tons of CO2 greenhouse gas being
emitted at the local level. No natural gas is
used for space heating and is only used for
cooking and domestic hot water.

Conclusions

A single-well circulation type of GCHP
system that combines two wells coaxially
in a single borehole improves thermal
efficiency of the energy transfer and provides
improved environmental sustainability due
to the recycling of water back to the source
aquifer. The groundwater is taken at the
lower screen section of the geothermal
well and is fed through the inner pipe of the
coaxial system to the heat pumps. After the



heat energy is extracted, the groundwater
is again fed through the outer pipe into the
upper screen section of the geothermal well.
St. Joseph’s Villa’s renovation has proven
the adaptability of the Aqui-Flo Geothermal
Energy Transfer system. The cost-effective
nature and versatility of the open-loop Aqui-
Flo system provided an alternative method
of implementing environmentally friendly
geothermal HVAC systems. In smallscale
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applications of the single-well circulation
system, the groundwater circulation supplies
enough thermal energy underground that the
temperature of the circulating water remains
stable through the years. For district-scale
applications, however, further studies are
needed to fully understand their sustainability
and the impacts on groundwater quality from
operating GCHPs.

S

39




2R
POLICY ADVICES

ALRIDEN KIS FME
TFHiEARREZRA
pe IS iaiH R

THE RESEARCH OF ENERGY
EFFICIENCY ENHANCEMENT
TECHNIQUE OF SOIL SOURCE
HEAT PUMP SYSTEM THROUGH
GROUNDWATER ARTIFICIAL
FLOW FIELD IN STATIC WATER
ENVIRONMENT

18&: @55 #Mk IR (BRGESEHSHRRIRERAT )
Ftn BE (REXF)

WE  REMEBWXKI KIS, WTKRMEE, IHEVKING, EXRANESEmENE, T
HACHIMIEE O T ETREACE / AERLITEREEEEL, EMSE / AESTEMEEMNIMFEUER, &
WIRRRARFEEIPER . W TKA LRI A B it FRESIEE EEHEIRA S EFHER NI
BRI MMREXIE T E, EEEESERNERTOFE, BRRNEE, BeMIEEHIRIER,
MR SRR R FRIRERL -

XiER « ATiRtS ; LIERRER ; EE ; thiRts ; RARREN

40



RETRSHXAOM KIS, KRS
MRE, KSR UEKIAE, HWEXIAR
REERBENBR, E— M EREHNIEERS
B E R AV B ARSI EEEL, &
pli< B/REEMIEENNTAFFEERR, (R
REGREPEMR, LR B2 HENR/FIIS AT K
[1~3]. B FKA TR A R BHKIME T R
PREFREWRAER, BSXEMREER B
R, H—TRSHWRARMARIERME4~7]. &K
SRR RBEA T s S IE @ AT T 5
iR

1 R KR

1.1 RIEEIR

I RIS AP REE S EIER
Sohly, BRERS174.88m?, RAMIERERR
HS / fHR, ARVAFIHEL50kKW, FSE
530kW; HIBEHE1054R, RE120m, FH
WUBMBIBRE , Z LR g Rig s mlifl .

1.2 KKIOEFR A

RIEX M EREIRAR, ~EX100miL%
ISR (E1)

FE—IHEKERRERSL.3M, EEFERA
THEAMTF L, BERH—HR2.67 x 10 °'m/d.,

E—BKEERRIBRE19.8MAEL, SMHE
BN, BERIH—MR3.46m/d. A TEIK
BIKE,

FBSFKERRIERT21.5m, &4EER
TR+, BERH—HR2.60 x 10 m/d.

FETEKBERIER27 AMES, aEFE
B, BERH—MI.53m/d. R TFEIKE
KE

FE=58FKEERIEIR29.2m, aHEFER
WHht, BERH—MRK2.70x 107°m/d.

F=EKERRIERLI0.TMAES, aFE

ZEMER
POLICY ADVICES

Ny, XIFTEE, SERE—MKI.67m/
d. A TFEIKEKE.
EYBEKERRIER60.5m, 24EE
NUFL, KT TFMER, SERH—R
6.70x10m/d.
FBNEKEERRIERCS.TMEG, EHFE
HEY, BERH—MI.76m/d. IHTREIKS
KE
BABFIKERRIEBR79.2m, aEEERS
WEEt, BBERH—MK4.30x 10'm/d.
FRHEKEERIERI7.OmERL, aEEE
N, XIFLEE, SERH—MK3.67m/
d. FMTRHIKEKE,
FBARBEKERFIER100mM, S4EES
THEt, BIBEREH—RK3.10x10°m/d,
AIFAEKERITEE30.0~35.0m,

W

kﬂ"/“\‘-
LI " -
e L o 8
24 = ‘%‘I_ e —
-4
N o |
==} E -
& oy -
. - M
- LU
100 g
MmN ran WALY LY
il woR | i
1 kSO I

BERERM T KEZERS KEBEKFIME
Kigilwrhs, FEEAH, SEKELBEERNM
KA

AXMANEBER, 2RBEMEXIBEK
I BOEK, RBXIFERDHT, BIKERIER
60~70m., F—EBKEEZEENEKEINIBT
BIKEXKE, KUFEREZHCI—NaBl, Cl—
Na - MgBFCI - SO4—Na - Mg®Y, ARt

41




2R
POLICY ADVICES

Bl K F 59/l .
FREKERMTRKEKE, KHFEE
FHHCO3—NaZaHCO3 - Cl—NaZ!, A&f#t
BER—R/NTF20/L.
SLIRE, HFEREIKMBEAR, EEEMT
IKFFH o

2 {iERIRRRBIR

2.1 i

RIIRANBERR, BRI HmERER
RIMUETDE . REMR2OFR. #AH (FF
[EE74m ) RAADEEDE, KEKHRSD
BN BRHAFFRISH100m ., EFREIRFE
IKHEEEITEBEE, FIxsEEE, U
SEUKHRERIE . EBLLR1: 1 (E2) .

=S
I .
M2 RETRAEE

42

2.2 REH MR

SHKHFR100m, HE250mm, Bkl
KE10m¥h. ERERHRENMEELERZE,
B3R (RIRIEE215m) LU hES,
FESNRAFTERIEK; 21.5mZE100m3iEk
&, KSR (E3) .

HE AR
1]
&5t
ke
B0+
54 |
]
iEH EKE
3 F4EHafE

3 iERRRRIELT

BT R E R RR RGNS TR S
#, N ERR ARSI TR EUKTE
(F1) .
£ 1URARRGLNRE
ms | wnem | s |BER| wum | SVTE
: ERESER it —

o | e [mEEmE
e | NEE

e EEH 01T
. B R EE
KEE
1
I2ER| s
4 REESER it —

HERR | mpe i
5 |t | cge
R BE| 01T
APEEE
KBE




3.1 BRARRRBITHE
HRARRRIZITF2016—201 7 FHBESE
thitiT, BIANR2:

R 2MRARRGETHAR

- FHERT | g |50 | THORE/ | HRRE
1 11-10( 14:05 | 23:05 9:00 7.7
2 [1-10] 23:47 |'’xH 4:48| 5:01 8.2
3 [1-11] 4:54 8:38 3:44 5.2
4 11-14(14:02 | 17:02 3:00 8.1
A
ESEE =N
_ . : ) ARER
5 [1-16] 11:33 | 13:33 2:00 7.04 S
BRI
S
6 [2-11] 16:00 | 20:00 4:00 8.5
7 [3-16] 15:00 | 19:00 4:00 8.13
8 [3-18]| 17:00 | 21:00 4:00 8.43
9 [3-22]13:00 | 21:00 8:00 8.43
10 |3-29( 10:00 | 22:00 |12:00 8.41
11 | 4-1110:00 | 14:00 4:00 10.95
TEks
ESSRIEIN
12 | 4-3113:00 | 17:00 4:00 11.08 ENEDT
EXN
2221

13 | 46 | 9:30 | 21:30 | 12:00 10.89

14 | 4-9 | 13:00 |2&H 1:00| 12:00 10.79

ZEMER
POLICY ADVICES

AT R C] 78 Nk R C) EAERH KR C] HRMERREE(C]

50 il]l_]ljl]li'_]_i|J]]I||JJ|_JJai|_|>n.‘-lJ[|-_I|||E

O R TA RTR T R R AR AT AR RTNATMATATRTATRIATRIATR IR RTRAIA RIRIAIRY

B 10 16 13

Bdia] [h]

4 HEEFREIAE{ TR AR A ¥R

3.2 KkFiBITHR

32AZXALRIBRETIET

TREEEFRRETRET, EHIIFOR
ZiziTiER, WE4., ZIRERRETEMAT
RESEITIEN . £4t1it, FHWOF/NNIEiT—
Ko 1ZTRREEZ=NWERNEXEERS, BT
WETEIA18~19T, B ZIEHLS=REE
Be, BENMUSEQM T TEAFN S ASET
BB THIRNSRE, N HEFEY
REFRF EF

HFRZANEET, BRSREIEHARATH
TR R R EIARIFEE T, AT BT
ERIRAZFAOHEEENR, BUBRMEEKEEXR
FACIERMFIIMRR2AEANERE, U oihE
—Bz T AN RSB TR .

322 ATHBRETIBIT

AT Z7 e LR B & pod 7, 151
REFEATERINIEERAENSEHER, ESbiEE
S5tiEEngiias, #miesitiEEa0EMfi%
PR . LI B10BBNEITEIBEBS T A, NME
AT iR AR R RN DT 75 7%

E8RY A FFoA LIIAT, HFAeEamEign,
MR EFRERYSSERRXHIEN, HIRMEXKE
EXE T, mzMERT, ATHRIEZEIIE
AE, WREARVBBEEWRNLEXKEE. £
14:05 FraaiKE T AT N KRAIE T, AJLA

43




2R
POLICY ADVICES

14:05 23:05
FFiR K Eo iiiv 4

[\
[a]
(9]

215 p

MR MIE] KR/ °C

0 2 4 6 8 10 12 14 16 18 20 22 24

ASEl/h

5 1 A 10 BERIEKRE L

E iR EFREHEIT, SRR
ERENSEERE—EREE LSRIER (
5).

4 HEEH SR

B EASRRAETER, B TET
Too TSRS TR SRS | 5
SIHTE A T F i B S g R
. ST ERAFEFLOWERE, GIEFRA
(a) AL RS TRA LA RIS TEIlE
—f,

EEHE/FA TR, BHIETE
R E— 2 R hERE K TR E S 5 E.,
ik, EEEATRAEmR, mFHEy
(ERBEIIRE, IR BRI bR
SEE, ERHERELEE; TIMAATRS
BB, mFSHNEE, WesEENSE
ML S e [ e,

l7(a) REIFATRIHZIAT, 105

(a) HATH IRIIBE R (B2, 2k, B
68 /| EATIHIGERSEREWEKEREEE EPERMERWTE, 5. TALRZEW T




R
POLICY ADVICES

FATHE ~ —BATHS IR B 2T TSR, EXTFBA
¥ : RIBHER, BF AR TR
- I FreER, MIBEHRRIRERIBMNL . EET
- R M, MEMDEN, ATRBHReRRE
gzl SEIIN, HIETES BINMTENER TA
o1 Ulbiﬁaljgi'f’t)(i%tﬂﬁLo ﬁ'ﬁi?f}zﬁﬁ AI
gltlzaqsﬁ?agmnuummmnmmm FHRRISR BT T IR (B7 (b) ) .
F
(a) Mt OBETR EITERN AL RZERMAE T E— RIS
10% BROMAEIESIE, WES. SERENKH
- AN RS RR R NER . &it
g & EETEERA, 105 MBS T H
8 E£RET8.53%, HRReiFrs
%4% RIS (RERANKFIIBE ) T
%‘* 2% HORERS 711.50%.
°123456789;;“”““””””” 5 &g
(b) HhEREE (1) EEESET, ATHTNKRD
E78/ TALRAMEERTH# B ORETURATRG T AT e R LR RS ReR R ER
B R R T ST, ESIIEESRNENENER, FH2

12%

10%

8%

EE#l

y—1
=

6%

4%

IR

2%

0%
17 2%y 350 4%) 55 64 75 8% 95 105 11%1 1251

8 ZIRMIB BB LB

45



2R
POLICY ADVICES

SHRFRRARFHIREIUKTE o

(2) Erz TR SREMEIERL, AT
MIPHIRUHNRE —ERENRE, TEE
TZp B ERBRLIEE, HARKRINE
£, BEMRE, ALRMEAEZEEFRTIL
HE I, BTIHSEREMRE, TR
ITHERFAMMARIT . SN ZRINEAR

#iTimRit, JLlE—F2RSATRDAE
(LBIE

(3) KA RIAAR T KRR
R, BEUBEHAKE (NF10mh) , 5L
BRRIRABE S, BRI TR XEMREERES
NS, RSMIRFIRASENNIER, EE
AEFMESRIRKE A .

(] A, &, TRk, F, RBARERFLHEE ). ®TK, 2016, 382):1-8. [ XU S H,
PENGT, WANG B C, et al, The new development of ground source heat pump research[J]. Ground Water,
2016, 38(2):1—8.(in Chinese) ]

R AE, KEE, AL, F. ALAGYH THRIEEESHBAGENAL ] REXFFR (AR
FF 5 TAMAKMR ), 2016, 49(8): 835—840.[ZHAO J, ZHANG Z Y, LIUJL, etal. Simulation study on heat
transfer of buried pipe banks under theinfluence of artificial flow field[J]. Journal of Tianjin University(Science and
Technology) , 2016, 49(8): 835—840.(in Chinese)|

3] ¥ ¥k, MR, M mBER R A KT KRR R e T T IR ). KR
I A& M R ,2017,44(1):36—40. [LIU H Z, TIAN Y, YANG P. A discussion of the construction technology
of pumping and injection wells in the fine particle sediment distribution area[J].Hydrogeology & Engineering
Geology,2017,44(1):36—40. (in Chinese)]

[4] Em3, H4F, BARRK, §F . RETXERGEGFE G BOERPI MR 7 R[] wAAS
585, 2017, 40(1): 76—80.[YUE L Y, MENG L J, ZHAO S M, et al. Tianjin heat accumulation problems
of shallow geothermal energy and solving method[J].Geological Survey and Research, 2017, 40(1): 76—80 .(in
Chinese)|

5] B#, 4k REEBIBIBARER ZAZHAA AREAB R L 7L [R]. K&, 2017.[PENG T,
SUN T. Research and demonstration of efficient utilization of ground source heat pump in Tianjin Eco—city [R].
Tianjin,2017.(in Chinese)]

CIVAZ®E, AEF, 28,5 WEAR AR T RAZTES NS RAFR [J]. KR T4
W B ,2011,38(5):128—134.[ZHOU Y Z, ZHOU Z F,WU R, et al. Simulation study of the stage—characteristics
of groundwater thermal transport in aquifer medium for GWHP System[J].Hydrogeology & Engineering
Geology,2011,38(5): 128—134.(in chinese)|

7 EHE, e ANE S LARETLAARERM TR HEAR ). KL F 0
Ji,2017,44(2):178—183.[YANG L M, E ], et al. Characteristics of the ground temperature of the typical Ground—
Source Heat Pumps system in Nanjing[J]. Hydrogeology & Engineering Geology, 2017,44(2):178—183. (in chinese)]

46




ESER
POLICY ADVICES

HFABEIEIoRE] KBHREKNE TPz

EHIRREZ SRR

S ERES MBS T

CLEAN HEATING SOURCES PRESENT

DIVERSIFICATION

EQ, CENERTREF LT EE, F
E. BEERGAKAEME)ITHREDXERER
RTBEMIESEEEMU LR, T ECBEAT
PR HIBEBZERN DT TE, SEThE, B
AP REEHAGIRRI BB RGIHITIE .

EFX, BxRsSEEWEEMHE, BXK
N, AMETMNRREMISTAIRMIER,
Tl EBUNERER, KEBGFEREENDIE

HiIaEX

EMARMESE, BERERE ISR
BRI IR R BARKRTSROERERS . HER
WHEHTBERIRBIEMHE, BT —HtXE
HIEETRE, IMREDREHARARINE
ITRFB,/Eah 7 —Hbibin. XeetiEEmE. " E
KeclRBHEERSRI AR RZTIEE “2018 FfF
BRERREEHASEICIR” LR,

NEBHERE7FREEMHTIR, BF
g, WA, IEHSHWEERARTRZSNXE
MIEIME, 27 7K. BMEI .. KBk

MEEEI S RZSZE, 2EXBHATER
RIHAS00 B ¥ 5K,

EVERBER NPT IR EER, BIRE

BESRNEREE. SF1 B, BEENTE2E

TENEIRT EYRMEB R BENE S MR
SBIE, 136 M LREREEERKILEI9000
FFETTHK

MR HEE SR RKNEZEMEE, T81&
HRIAER . KRR [IFAR, HERHX
EANERHESERNR, tREBIORTHE
AEREH =SRR.

RIB10 MEKE TR (tHXEZE
EadEMRL (2017—2021 F) ) , REE
EHEREE2019FAFI50%, 2021F1AF)
70%, HPaJBLEREREERNBERZMR1012
AR EMR2UZFTT K. KFHBEES000T5F
3K

ExRANEZERARXAERREER, &
ERBFERREHR “8XET, mHEX
2017 HREN BERRHEANABENT748475
AR, EHARBHEEAZEIS 7345 iR AR,

47




2R
POLICY ADVICES

WRUAE12505 MeAr /AR, EYREES005 I
IR,

iR BE R I M IBIB KAV ESD, K
BEE2014 FHipEETE, FHREEID
15%, EYREEERERBAIER, BIURK
i, SEREZEERK. " BERARNEZEFREHAR
PIEX A TEHIFICE -

RS HEHRXE

MARANREFNRSEFEDIER
BERTE R, AERRiRAEIRIBZEPHHAE50%
Ef. " REEYERERSWEKBEEEKEN
FHIFICE, 2RERESHNERMXER
BERREAMAN X SRR B SR AL BEF
A o

RERHR LRRIEESHNERZ —,
iR M A EFELTER, 2013 F
e, PRAMENFRESEHATEHRTTE
NElE, BERIESTRNSIENE, #H5
EHEARE.

‘63 % AIFF = ER BRI I (R RBE FF 3R
BRUK, Y960%HIBNRBERBET ., X
RMABERFRGENSIMENRELE, 2=
2050 FEBMIIAMEHRRAIRE . " FFE8E
BSEFIZFELars Chr.lilleholt A9, &~
BHADTENEESTER, KEHRAETITFS
i B RIFRBRDE, BEXRFEIEBIEZ T8
RAEREZ

I HAFMABEKTZER, 212
SEERMANE. B ERBE . REKAK
MNEEFR. " BERRARFUISSEEWR
HEXAING, BEBAOE14%0HBREX
BHARGH, FHESE ZIEXEMRE.

ExRTRFOHERT, RKEILS XS
ERIRERUA 12012 F 5K, HepigiEs i

48

ERA7TMEFEL R, RIEAEERIT1.8 {2MEiR
R (RN E90% ) » “IEREFHEKRE
SMHIBREFMHE, RFRKE, TREAINIE
BATEAXS. " FHAEHASVEPET X
REDEXRHTIKEES, HEMNIBLESH
RAE, BESHEHHITENE,

MTIRSEEN? “FEEXIERIE RS
%, TEHERABEERSH, BHFEK
RXFF. FrrmeRit, RARITEXR, &
BESEMRERRSE NET, EWEFERIMN
WHERNRDITE, " —NARBRESHAT
HIFICE

EMEZEHF

TINEMRBESEURESNEERRE, B
EHAREYRENRMSE, TIEREMR
REBERT, mERUEMRER . pBME . &
YRS SN RIRP I, £YRERS
F/ROMLE . " B/NFEDHT. BUE, REH
BARREBNAIA30ZEERELE, 22T
TERBEIRF) ARV R B FEFF R R ™ an I T &
). AR RFABERIEY . EFIRSEN
ERMESEMRRRERIEDRBITG4.6120E
PR .

ERF, EMRENREREE LHES.
SE—FE, 2EEYREKBHRBENOIO
hFE, RirEiAR6755FR, BEHLE
£24%; KBE178.6 CFEM, BHIEK
19.1%.,

‘ERBXEIIBEZRERHEYRE
B HETWRIRFSARE, SR —EIE &L
TREME. " PEF IV ARERESEYREER
Vo =BWBIRKKESIFICE, EWERIIA
HIGHEARER . REUL B ANE . HARERF]
BB RERM REFDR .



FXTIRER SIS RITW “BEET B9 “531
M , KABNARXE—D "R, £
REERBERENRRERE, BHIMRBBLEL
R OEYRMBIEKTHREDERRR () 5
[T, BRSGEERRS DR, @R

ZEER
POLICY ADVICES

RNE. RBABNZERNEL ., "HEEY

REEmEE MR, RRISRMA. BEKXKRM

BRERERR EBEXRFN, IEERMNEREY

FRREMIAEREBHNIFZIMMAR. " ik,
#wa (FERRIR)

49



2R
POLICY ADVICES

P E I A RE RN S5,
IEERM s KRIAREE ]

itliltﬂ’.m‘t‘,.“ﬁﬁﬂﬂﬁ

DEVELOPMENT ROUTE OF CHINA’ S
GEOTHERMAL HEATING

7. DEE SR 8% (TEIRER (PERRUNLISHBIEHR ) IBH )

2017 FSRAI B IR BAERER R (M IRER, BEIER. KR F1310E (1) .

TiEESFNTE . FIEET, WASENIRE st FREFRENEKR, KETFRE
EIEEH—ZRE, IthiXiE SRR R RSB ETHAIT GIREIA856 512 . EBzE”
AEIE S X BEERETFRINRES FEE EfREARMRN, FANBEZERN2%, A
AL TS AR IN T F‘ﬁ%%ﬁzﬂ:ﬁ?ﬁ—ﬁ[] HUETIR 17 B AZ AR o

B, T ARMAMASWHLARE GE LR RIREEEVSHEAIRN, KEMHAITAF]
REFE, EitES, BUEAESEIERES RAOEBEERFENX, WRREFNBSIEESF
SINRELMH R 2 EHEHANEEEITT . UEEKZEH. SEExR, 2014FKEBRR

WREBHNEMRRITNERER: EEHR FEENAS1AEI48435GW, EEEMMER
RRFAAREFTEIRE26/2IE, HPFR(ER NREN2EE . AR EENBERS, BT
KR IRF R FFREFTEIRE18.6512E, £& HAFNH) S AIMIRRR A AT E58%, KAE

AfpfEfedt. AL, M. TTIXFERPERM, HEBE 5 19%, IBRIFEAG18%. 20145,
BFEUXRRRSITGITE18. 28121E, SRR ii%7K?&§£i@?ﬂ1#ﬁ§I:WJE)KEJL?E%;‘%‘}%} /i3
BRREESMAEARERAX. =f. WIIFMa Bk P E VR RS R B A IEAE IR

BE. 5%)—'&—11*3?&%'Jﬁﬁ7’5ﬁ, BHE2014FKEEX

Z£E336 MR L IR E AR RE FEib B MRS ICEIUAS. 022 F 5K . MR
FROIRAXERESRETCHE, JBFERNDUELE FNARENBER11.78CWt, FFRFIABFIE
MHS . 336 Mtk LA k™ 80% LA ERY L1 KEnsTHR EEMERBKERE . HElZ
EHRGEEMNAXEMREE, PJLMERNESH EiriE. B, aittXI, 311h&E. BiaK. B
REIRB2612FT3K, Z2FMEmMRE2312F 73 EHIE R XEMNEERIIRAR RS TIEIN
K. eEEEFRXEMRENBXEEZSHE BREZE, NAXEERERFEHTHENSS

50




i RARMEAEREERBE 70001, XL
IMEZEREEICNFILIX, @RYPERETE
EhaEDRE. EE. Bk, B FRMNES
F, IEFERKIIRER DM T iR AR
AR TKFERHR A IR o

ZaE R E AR S R RIS LI HIE .
BRBBEETRERFMX, EHREESR
HRNAEFRTRERR, tiThEANKEY
JCEE R R R MAIEERT], BRIE
I X SE M PEBE EFR6002 535K, LI
WIEBETHN, FisR, BUATEUK. BRNX
MR EE R BB RN X 85 —ER0E
=i, PRUEFEEMAFRISMINZ EiTE
£ =" NEAEEEBZE20M TR . £
REZRRFAESHOMX, BJEEAXOELELD
REEF AR A .. XEWRED 2, FMOBE
TENR, AEEMFRXK, WK DA
KE—R T HRRERR, BEERNERE 7 A
HEEER . TE—SOAREMRTTRF BE
HEREEXEBEDHRE, ER2LFER—L
AV EfEEE . B TISFREMXBEET X
EhEEF R R, XESIKFTHET S EhE

ZEER
POLICY ADVICES

WX XEHBEEF A BEARIER N .

HRZWHRHEAEXERBEHEERIE
rMItES, BitREERES. BRINARRS

BEMNUAD WX ZZ=FEZME, EHROSEH
ZRIBXHEFFREHES K. HEARHELLL
*k, BHEAMEKGEXSESEDHXIE
ZFHENFEHmSK. BEIERDED
HEEFIR T REREE. tINER—E)
KL FEHAMEBREXNERRSL, KER
KiK., ARRSHZ, Fa2%EmH
RIFEATLUKRERANA . EEMAREILS XS
EENBE FHIERRIRE, thRAIHAXESR
WK, HBItRRE.

BRE BRI BN TIZAIS N
heE, XERAKLE . wHMREEESRE
2%, BREMRESEIN, BATREMNER,
EIt B BRI — L TR ERER
XFLUE, LaiERR . NEIFAES, b
PR BEIAEIGNRAREZNRES, &'
REWEK, BieiTkNEBI=TRAEAIMN
B, BAlt, REMAEDNTENBER. KAKE
. EEDEATF, SatvERRSR, AE
RERCISEENERF “TE .

51




2R
POLICY ADVICES

P E I A RE RN S5,
IEERM s KRIAREE ]

FhEI SRS @JEH&‘
) R 55

RESEARCH ON EXPLORATION

AND DEVELOPMENT ISSUES OF
GEOTHERMAL RESOURCES IN NEW
ERA

fBE: AT (CTRSl BE RN ERSl TR RRRY TRRAHRP )

= 2 (hEER SRR )
B GTRE B R R )

1 EERREREHSHERHEDT W71zt , IERIERE11.712t 7 a, TIEE4.1
WHREERFEBERBERL, RREEX. 4Zt /a; KA REIT SR ER1250012
DTz .. BEEABRRNMEEL T2 , BERRRIRSITSEE18.65(2 1,

FEEBEEMLME. BXHSE (2012) MiWang E%EjjjﬂQ%BKWO HelEER2EEEIRR
et. (2013) AETHEKRMS ~ 10k mFHa 23344k, FEMITRITE818ER.

ERELRN2.5x 107 J, H8HTF860H1Z t Ix BRRTINE: 1@ E11kg
B, 22 %N ARERETE, HETH W4 8.5kg”&E L. 7.4kgRANY . KEE
EERIRAEFESENS200EEH. ERERE FIRREEFHFEE N36.112t, BHAXXBEMIERE
(2017 ) EEXE MR FIREKREID A RiREH300055t, SIFEFBEHEERRIFRES6.4
RIFBENHIT TEFNFHEL . £E336 M1k 2te PFERIMEE . SO0 NOX SR HD BN
LL B X ENEER RS F r FEREIT G iR 4000.4 A5t 30945t 2693.6 4t

52




IR R A R R BT LUR MR = SRHERL,
TERBATFMRES . EEXQATNLRVE:
10000m * X AR Bl Aee e, B0
B COHFK350~400 t ; iBSOLHER 2 ~4
t; BOREMDHMO0.9~1.21; Bk aHE
M1.0~1.5t, REEHATEBRARREITSE
(TREFRE) . 8FURPCOHINESIA
242t Hepi R RIAREF R R R AT R/ D CO , HE 6
12t, PREKPEMFE R AR AR CO,
Hep1812 t &

FRANBAREHRARR, NMERUBERES
AR, TRERHE, EERNEILIBRE
i FRESAIREM (MR KIUBEARIMSTRF
i), IR KRR

2 bR A

Hel, ZEMAETERTEZRAMHES
%, PRBEKAEMNE IR EZ R TIIEMHR |
BRER. EFRES ., HEKAEWRRES
HBERBTRRER. MEFEMEEIK, B
FRFDPMIE532.7%, WHREBNE50.5%. &
HhF R BB AR R R 75 E P (5 B AUz (R TR SE
WRRIAEZ

B SRR HIES BB ERINL AR
(. Al RAS) #eE50, HMERLUD
RBEREBERMAC . TIRERIAE, BRI LAERE
FERIREIR R R -

B ERERMHES BB ERIINLGE
(B, Al. RAS) #HiESL, MERLUN
EREERES T EERM . TRERHE, WrI LUt
FrELAIRER AR

REMREEFANBLE, EE. ki,
Imt. BE. IIEX. RBitF] EZEME=FK
EExRAKRELE, FHYREE . THREETS
|, KS74%LL 2RI ERME,

ZEMER
POLICY ADVICES

BAOESEER85%, THHI0%L EZFE
ERBRFAMALEE

HEMWRHER SRR, FERENAR
E. SERMHEBHE RBYRERR. [
Y, WTHRERIRR G R RO REEIRE
AL (EhFL) T2, R~ ARR, B
S aliaa200mA AR E T IRIR R
NEERE . thEFHEWATRERRE.

FRBEKAEMPOKERES ST )
R, 552 UEE 2 KAk hE SR,
. miERE .. ERRREEREGES AT
A, FERAKMERES R @K
Feam . ZFHAEIKE KERAT KM=
BHRE, BARTENEeRILMWIER I
A, iERMERIRER . 2FEAPREL
FHMEFFIBFIE

WHUKREESR. RER. & 8. %KE/
RN ANAE =AY MR, BEE—ERr7H. A
STIIRERIRBIER . BRIt RS YT Aithin
IBRIFABETNIMIRNE. R 7. Bi?
FHEREF L., ERERERENYE, B
FEERRRE (i) Ne—FAE, &R
mhEFOIR (GRR ) X,

WHUREBTSE, RIEH RIS SR,
SHARRRN AL, tHRRBRIA ST A
BEM17%. 2012F 2RI ABEINESEN
11446MW, HEMXH24AMW, #ZE2015F K,
HEMRAB RIS SEM(NN27.88 MW, FE
K18, OEBRMVABERIEERI0.2%, B
SR RAEZRIBBRAZEIE. 20HL705F
40, FESRE FFIM. WERRAIT. UTRE
& IFRER. #Ekon. RSN, TIEIRkE
i Ry PRI IG M it vy, (EBRIRT ZRFlIRit
pauhdh, HEielhzis. SiRtvREE, /i
o/ \FRR BILEE—R R, EEZRAIRIEK

53




2R
POLICY ADVICES

B, ZsSRtRBub20te 7 0FCIRFA L

RFEEES .

3 %iF
WHEABARRBLAXNERRRNBE

RER, EESNARIRMADEHSEERTA

MBFHEBT, FAF BB SR XA

IR EIRIREIREET . SCINTORERHF. RIDE
TSR, MEEINESHAHESIREH
Bl FREmNWYEEFMERL . FeERRIL,
Iy ERARE AR RE . FETAARIDFF AT
RIbPESREIRENEKXR, SILEN, AR
PRZ. 512 FETANBEEEIRGE
ERADIEIEFOF AR o




itheF
Mgz n

KREILIR
DEVELOPMENT FORUM

iR AZ ¥ FFRRI

NEW ERA OF GEOTHERMAL
RESOURCE DEVELOPMENT AND
UTILIZATION SETS SAIL FROM

XIONGAN
(==

PEMERAVFARGELE B ACERIET
A, EBRRENRAANKRSTERMLENE
TR Z S . RV EEERERS RS, ﬁ
SHS K NE, EEMBEER, HSE
BAURRZS, BIFAREKF, Lyﬁm
MERZEMRGER” W . SHAREEL, i
REEEFRANH SN SMERNE, EFBY
BHRERNTHIERY, BASHINKETSK
. SABEREFNBEIRLL, HhINBER —MIELLAR
EHIRER, —F365K. BR24/NHIREFE.
MEMAFBNERS, DJLAME “HEBE"
ERSHENEESFIRFUKE R CRE . HIKAIIBASEE
S2REX, BESHRANEY, EEIILUES
BENENAA, FEXIRRREL, #1785
MR RR IR ER TR . AT R
SIFMIR, TEIFFRFTIIRIRES . X
RIFAEM T EE8 IR o

2R XERIUKRIAE, EEEER
ENIEL EIRIEERAIRE I, bk

M ( FERFFIAEIRARFOEE)

REFE, HPRESWXEAFE., “Keedt
EEREHE, RERFEFETIX’ , BEHX
RULBIRE AN ARY? BIREZK? BEMEZ K
MR EETR? B2 BER? ANOaf L
ENRTERINE?

21 BHLELLk, HESFHFET RELEER
RN SR KB ARIAR . EISEILFNIIHC
PSRRI, X2 AR =i
EFABRREERRME, WEX, WHRERR
R, PILASSHERIEFHARMEF RFA, B
HHRFEN, ATUAZEMREERRL, ZHAR
B, ERZIXESRE,

FRRIB A AR it X FF 2 7 < HARY
A . “7]A” itRIERE (1981 F£—1985
F) , FETRZEOENSF IR,
I EE IR T A RENRAVEAER R, Bl HENS
mXE, FFRMRDIIEFEN, R 7 iziX
OIS —E TR, 20 84290 &€, FET
ERHAREIREWR. “+—h" | (2006

55




KEILIR
DEVELOPMENT FORUM

F—2010 F) , FRET LI OREBER LA
Ehhaths, HEESKBRBESNEESSE
1, HRNERESHETLRNIEBSDHITR,
‘+Z#H" HE (2011 £—2015 &) , FFE
TENSE A SRS E At SR
7. HEPWERE DT ST AFMBRANR. X
BEBRRESIEC T RIEAR . I, &
B et ADB IR AR R H 207 EEAM
PHRTIAF.

EFKBOME, RNELHXIBTERE
ENEFEROMRRIR. Nt 3000 KLIX
NEFREME, MB=RKMWPRRINHAEEDT
HRB. B—EXEXEMHEE (LT TF200 K
LI ) , AISHERRRAEES, KEITHEE
A9, HRARMENREELEBTES4E,
TRRERRS2E . WEIRRIRIORA, KA
BEBATSI, FMRARE, DE. TEIRE
E o IEZHKXEIAREE N =S IEIEECHY
Bl CEURIEEFAE . FTRENERME (LT
#2000 KZE3000 KREEER ) , AJLARA
HKINENERI SRR, HRT AR, &
fORIE, REEE. AT, WERAEEE—ER
PRI, EBMRSEE —LXEHELRE, F1Y
RB30%EER, BISFRI1001Z5KAVK, R
B30 K EA R LUIRH[EGERIMET o FITAIER
7, EAFREISRKIE, WEHRER, EFE
EEGRAVER . EIt, ERIRMZIER, B
LASEfTLAEEFRIBERINLUBIE . SE=2K2 KRR
wHhEiE ([T~ 1000KZE3000KRETE
R, BEhggh, iahaRas (B ) 5551
KB, AKEERRME, FTRTHIES MR,
TEHZHX, NZohETaRSRUEAERE
g, DEEFRETK, FARFREREEECO
BREUL. ERXMRELHKEXR, BXKAILL
100%EERIET, SCIEAFIA .

56

X LA E = A ARIREMRFE
IMIFEF A BE? BEKSETHANEATR
KERANTSE TR

MWRAR R ANBRARZHTHAEE. 5B
—RANERFIEZEER. Bft. BHF, ER
TFIMRKERRE, WERFTAB. EAKARZE
KBES . AATRAK, MRKERS, EEE
S WBFROBIAME NA . £RE, XE
BERIR BRI A . RBIF BRI ES
TiemEEHER, Kot n R LUER . Kik

o, —REMEEEANLERARRSE, R
FIFEHKAIM FKERRR S, LURIPEZRAY

KRR, NTHREVENE, ELOERMG
FRITS, EEEAE AR, BIERAREE
AL . JWTFTEEFREBRAME, BELTMN
TR . PRI AT R AR AR, 7+
T T NSRS .
ISR TIEE T B SRR
BRI, BRI T AR BESMENEEE
HES K ERE SRR BANER R, 2588
FiRIs1TT8F . 2014FFY), ExpeRBEHR
M AIERSBINE B D X HET .
I ER20FE, KEMWARREENBSE




—BEATHRE-RNE, BEntttEESIELL
£ BN, —REARFHERREBHBEE L
A9, REMmmARELMRE . EREKEERALE, &
WUHFERER, T ISR R R BRI
HEBIERARRY . EEHHREEEIRT 20104,
MR EEZKROEIE R S 7 R AP RAYSH, 1B
BRI T PREEDRI T .

IEZF AT R IMA R IFE? RKEHE
127 BRI A AT R I K R2AY
MAEHEAZS, XREIEAWAIEF AR
BEdn. AL, AREEZT —ERTIFNH
ASEMBIRMHIERDE, HEEMMEEX
FRIUT, REARMFEEI400 K.

PLIE RV AR S M EASBERIHE I
A, EBRRENBAANKRSSTRENES
T Z S . R EBERERS RS, 5l
SHS KT DE, HEMBER, HEE

KREILIR
DEVELOPMENT FORUM

BWRIRS S, RBAFAENKE, EFLHMN
MEREZEMRER .

B, H—ZIaitARREE, E5ER
FEib i ER BRIt IR AR B R .
FHERIRRM L, ERHXNZILET Sk
= BinE. BKERMREIRAAFNA;, £8
RELRMAEEX, FIRAXEMREEMHIE,
WIRREREMMETRERA, it N EEENE
RIBIE T, NIZFTOMLARIA; EEPIRXKE
EXAFRERGERIE .

KIEH R, ZREE 4. —0E, MR
ARGisTHIRENS N E S W RMERIL;
B—HE, WTRERMENESBZNMETANE
FUMBENMT, FEMEESSRARF A
. B, SMRRUBREEATR, Z2ME
HEEREL SR ‘W BE=ARANHARS
RS

57




KEILIR
DEVELOPMENT FORUM

Bimillt 8 m K] B &R
lﬁﬁmﬁ-mbﬁﬁ

=) ,mﬁb IJZ%Q

IR

VISIT TO THE LARGEST RENEWABLE
ENERGY BUILDING APPLICATION
PROJECT IN HUBEI PROVINCE
——MAKE HOME WARM IN WINTER AND
COOL IN SUMMER BY GEOTHERMAL

ENERGY

APHBE. WRABEFRIBERR, RES.
FE. TioRONSK, EEREERANT MR
BT BERTHRIT, 20178, 28Ens
LREFENNABER 18002 K ¥ LK, SFIHL
BHIE16005F5K,

ABERERREXRERE? 5838, #ItH
ReFicE R LERAN BEREREZFN AN
H— DX HAEEHIR SIS —R5% 5=

12 EERus bk AIEX 3.77 BIEE
INHHR TNX S ME, SHERRA

5481357 3K, Ak, DX HHASEHERE

B20EE. w44 a, EPRERD 2RER o

58

2016-20175F M8, HIBFERES. 225, X
RR406575, HIGSEFHMEIRET M. KF7
B, FHa@E TCHEY X530 F 5 K HIENIE

MH . %, —HAIE @2IRAY1 2EE A B T
14 BERIESRAFSS o

5H3R, icERFEE/NKWPEIRLE, X
BROMIERIFERIFR, BIMRAZHE—E ‘it
PHKBRRRE  SHEREEEHTE
¥, XPMRGEETEFRAME, BRistTia
EMER . XERGMN700KRAMETEUK, HKIE
EB33C, i THKAIRERIRIVRAREREX
&, 12CEAXEEMT, ASRENHIME
SEINIEIRRSE, WKRERRIRI, BEXEE



RPBETRRS . XERGRBEAEUK, HHER
£, FEEER. ARG —LEERIAEHR
Bia, EEERNENIKRERR, BREI60CA
AEBEETFTRLF. “UBHEBFEREN
XHHE, ERERER, EREZEN. " RE
ARNRINEER . 2017 FL25F, RER
PEBERIRRY, REKKENS, MERKXK
BHORRDT, =SREZHFT .
FEREIRITRANE, —HIXSIE HIEEiR
H235.665FT3K, ERI10ZHEEFEBD A
2, xBEREBI2.25F, BFBIREI. 77
B, EHE S| MARO.43 M. | MARO0SIE. &
SH26ANE, FTEINERE, FHERES.
FALDHNEFROHEN, MHAZRERRIS

KREILIR
DEVELOPMENT FORUM

ANBEES “SErpiEE” . HBPVHAERIERIF NIMR,
BES BRI 7 “EBIIARERES, BT
. 7 BImEMAESERD RN AEBXRE
AFER. MB, "TXHENR T/NXKEARFEHE
BlE, FEtRusRERE DIXWEIERIA, 85
IhEIEER A TN, aXTRE1IREE, X
tERMERER. B ERNEERHR,
LNHAARESEE, BERAST
SIEER? B8, TTAHHEEZRER, Rt
HREWEE, EEEGEW “‘Mit—” (#
Ko HR H1HS) oBBRRTIEERSRE
F, SEEEZRFPRZIRBHE, WRHEET
BE30%Eh, ZGAEMmIBITE.
Fikh A EIRY

59




KEILIR
DEVELOPMENT FORUM

i El 1 4

REARFIARR

RazBEEB D

ANALYSIS OF CHINA’ S GEOTHERMAL
ENERGY DEVELOPMENT AND
UTILIZATION AND DEVELOPMENT

TREND

18E: FE (TEAHERFEAREIREERT )

03I

M EE RIS BE IS 2 SR b A ZE P FI RV 1B
BERNEBRIINEE, HREFE. EEBEKX. o/
[Tz, BEERelk. ER%RE. REETFET
=, SXBe. KeeFEEMHIEERBL, =ZIMRE
K/, B—MAEREDEXRNIBLERIR
fEReER . KRSRAE. ZHZTJ_I%/:.&HEE’]?C
BT, BRI —MIRESSHNHEET
4a0R, BrRiEHEEENER.

1 AR

RS

HEMAGERRFE, EETREREIR2015F
EMAVEHE, 4000 m LURKREM AR IREHT
BiNERE1250012t, FRIRBREFTEITER
H18.712t; £E336- MR LA i iXEHbHA e
RIEBFIIREFTERER N7, FRER
IR EtER 856512t o

60

EEREET RO

BEXEMWMEF KA BRLREE. T/l
F, HEFRARDEHXEREERIFARFIA,
EREMR, BRikEXRSHahEEa xR
BEFF AR ABINE, MEEEEHRERIL. EtE
#, EepllZR, b, 77, W, dER. K2
EEMIE80%. 8E2016 FK, 2EFAX
EHEEIEFMIERREIX4.78 1Zm’,

ZYZFRIE N, HEHEEEEN RS

TOEMMAG . #E20155FK, REMMNEE
FASHMEIEE20004t, G—IREERBEZERN
0.465%, HFEMERE—. HEMMEEEFNBA
ETEMMERTN, RHERIERT AN
AT ERFBNREEL, WARREMELL
TR, HERER IR RERAIRETE,

2 FFREN
1) HWAREHRENRETIERS, EICRA



BREATAELR . BIiE. EEMES HRIERE,
FOMIRBHABERNERIEE, JothiRaE R AETT
RFTTIRSCRIRRE

2) IR N R EE RN R T A
MRIFFIE, TERFASARTTE, Btk
FEAHOIRRT A, JIMINBERITTA . FIB#TIL
&, THRImE

3) AEER B EREIR, HABEMHEERNIET
AR TR ABERERAVRIFRIEIR NS, [T
RBEMIEN = 2 BUF XA AIRNE , N
R T A EREREIREY .

4) MHRER— MR BAERER, T AR
INE, EXE8)HRRA BERIREMNIVERE
K, SRR EREBMLE TG . XT T HBHAAE
HEETCHINE , ETENSRERBEMNEHR
17, ETHETER, EREENEITE.

5) WTF L EERIHREETRINE , KR
RN EEENH R A RIRRIRME, FERIFK
RIRAER, RSMENEREES, HEHMEM
WS R R .

3 tEis
FERRMERS/NAE + R E SN

KREILIR
DEVELOPMENT FORUM

£, JEFoBicEL, #HIEDKEEFE
HEE, RN AEERR, MRESES
WHBBLLE . TR IR EEBUF TIEIR&HT1E
t, 2017 FERRITFHERERD L, SEER
SHRIRAE . RIE (WP RSISRARIRE)
CKBITRESRMARIRE) &R, X
RIS RN ERR BIFRIEE, BUE
BEMRSRYAIMEE R TAREN+ILE,
MR MBRISRTE . FTFERED, FmR
BRNESREE, 2EIEAESTRIE,
RSB LRERIPBURMEE, JLFATES
F), REMAFEIIEFLSBICKT ‘ML
KX EZFEEEE" EZHEBMHMN2017 F
B TARE “RRITFEXFERME” BT
RESREET —FEEREZ.

4 &5ig

ANDEEAIBERR, (EHIEREREHN
WEE, RRERRERRENEESE. ik
BEEA—MIRESF ORI BERR, BE (i
REEFFRFIA “+=R" ML) EER dth
BCEEEE" TFRUMEE, thAGESTEIERE
IREE Bl AR S BB AR R




BRI £
POLICY PROGRAMME

ItRhAKXKESINEERK 2018

FISFhIE

RIRIREEER

400 B¥EHFXK

NEWLY INCREASE OF 4,000,000M°
HEAT PUMP HEATING AREA IN 2018
IN FIVE KEY FUNCTIONAL ARFEAS OF

BEIJING

AR % 2R by =

SELJING MUNICIPAL COMMISSION OF DEVELOPMENT AND REFORM

a e BHES [ BmREZ Fl #¥EEs (5 #wms

@ RS, BRI EmFREXT
S B
@R, dtmm 2018 K

W - BEEE - ilmiE

NERERBERR, A BEERE

ETEN& AL H 2018 RER TIEZE S B

BFEAREN, TERFER. 7 B, Shtfad.

ETMERFAE, R AERD2018FRRTHER D MEBHED, FASTIRARRIEESE.

fibEm.

I ETEE SESRETET TEASMEAAT

2018 F£4 H 25 B, JtmMHRERSEElT
AT TERSNEDREER (1R 2018 &F
RERTIEES), 18 2018 Ft i BiFautt
RAY “@EﬁZ/%EﬁEﬁ” T#2, 5eAk 450 MIEF]
502 /\ﬁ « NRAHIERHHY “XEEQ/%/D
BEIR 1'1[%, FRIURNE “BUEEeR" T

62

AR, Lm0, bR
e =2F X, INERZFH.
ZH% HEREAKREREXR
B, HEFR—REFEEESIR
TOEXEIR . HEHFMERAEFHE,
FIBPERMLIEER 400 B¥FT5K.

HRTEILRHRRF B
, E—RAARW R K . IRk
EJEP'UHBUJ NXBEXMH FIEE" HEEH)S
R4, DIBAERRILENFIAR 40% AL,
fEEEHEERTE, HEHRMRERARER
P NERRFELEDID . AEXHRESIZHHY
N, SEIENSEMEERMHERSNS, NF
2k 20 P HRERMIETSEN o

%P



BUERTTE
POLICY PROGRAMME

BRI T S a Rk
HERNAESSBERIE EREk
RESOLUTELY FIGHT AGAINST

THE POLLUTION PREVENTION

AND CONTROL, AND DRIVE

THE ECOLOGICAL CIVILIZATION
CONSTRUCTION TO A NEW STAGE

Hel, 2EESHRERIPFXRSEILREH.
thHrhREBic. BRERE. PREZEFEIEF
HERVGTAEREERHE. talE, ERREEK
HERERESNBRRGERER, THOARERH
MEFEELSENHEEEETHEDAEH
BLAaEs, FOMAKEN 40 FRIRAFYIEL
YIRES, IIRNDEHEAES IR . FRES
RO, RRITIFSAmaniRsk, HaBRESE
SMAREIRIE EHFEM

JEFEHEFRE, ETENHRRREXR
PEERIKEERRIIRA KT . FERERREE
B REB, 1B 5000 Z2FNHLENBEE
EFEETM . EEKNIAFXR, EER=NZ
Bz, RHOT/ KLk, BIDFR—FEIIRAIE.
Froltt. Iz, INREHRESREIRRRTT
MBIEARRR, IRAa@iR, B AR
NERIFEREIE, XOESSRERRE, RANLE
RS, K DIRISRBIE=KITH0H, RER

o ( hEFESE 2030 FRIFERREIGEERISE ),
SERE ElZ XS SEZZAAREN 2014 - 2020 £ )),
ERETHIRRIPRER LS. B, £2B%
T,

SRS, FITAEHESERR, ©
IIBFF LA R

—REFASEATIERE, BEFHAME.
®IFLE. BRIKENESTH, BERIFPRE—
HRIPESIE, BUIFER—ENFESIE,
ILBRESESOKIEAE, EEAUTER. &,
=SS

T REKBUMESIRIL, BHCIHET. thE.
B, . HEOREES, IMREATLIRIR
MEIPREIN==EEE . FEE. £ o, &£
ELL, GEAESE MAFERRIEMEE.

=RRFESHRREESNRERL, B
FESER. £5FR. £5AK, ERBRR
ERREERENEOR, FnHE AR

63




BUERTTE
POLICY PROGRAMME

BRI ESINE T
MERU/KHRHEBEREGEER, ERER
PR, BIKHESR. ZHEFE, 25U, 2itE. 2
EREFRAESNEEIR .
hEASTEHIERTEEaRIPESHE,
DRIRFIEBIF, SBICHIEHRIT, LEFIER NI
AR AT RERT RS EL -
ARHEERESNHEEER, RESS52K
WRRE, At RMIBHRIPHIR SR ERE
RISE, SISMSIERRMEREE.
SirFeziE, FLRRREESERIE
NEREMSTIE . BRITFEEXREHEEDZ
B, ZURSHEFELERNMEER, BMAEX
Bk, BEXNBRESRERS, SEEUEXRE
= BEANF, BRANLESRIm T,

REBRAKEZE, BREREHRIKIE, Eis
TARBKER. BYXRNER. ELEEL
TEBRMRTHITY, REELRXKE. T
S, BUTIESRERNES , BRNSENE,
ILZHREZERD. FER0. ERFEFRERT
ANEWRERITH, TIEEWSN, NEEUSE
ESEREHREXIC.

JiEFiEE, ERSWRREKTF. Exo
ERTIHUFR, TERRMEMEILE], KX
ML BFNTSRAGERE, AE
RIMERHMREBER, WEREFHTARENERE
TB DR EXIREN T, BLIERWAITS
(REERE, EMSISEIATFEE. &
EHBINERSRGIEAR, EEXERFEX
EPSR, DR ASSapiatt@r.

64



i 2

\/\\\J\‘Lﬂ
HOTSPOT INFO

It A X SENENB S 7

GEOTHERMAL ENERGY IS AN
EFFECTIVE SUPPLEMENT TO CLEAN
HEATING IN NORTHERN REGION

WHRE—IEER BAERIR, WHNEXRB U
BKABZAEEFEN—MEEERIR. WXE—
FERHORE, EEEBERAIREE, XS ST
e, TENE TR, WARER—INEIEEIR,
EUHERR, BEFARST2T @, 2T
KiRSEEL, RELFCHSRIBRETASR
EXE. SREAEEREEFIHEARARIEKR
REFEERE, IthiRBEEBERETFLEE
EENEREIFEZ—.

LK ZFEEESMO, SENAE
R AR, WHIEEE IR, BUEMRLANREBEE. X
PHEE. =SEE. =HIREE. WHMFEDHIURIE
F5I, MBERRIIREEMEEDHE RIS
PALT X ESET EBRIE ERE

BENEREEEME. B, KHE. =
SEe. TRIRMEE. EYREE. HEZME I,
WHRE—FE SR BERER, WRERBIMIKA
*B@a”*#ét._ﬂ’]—ﬂl‘ﬁ‘éifﬁ MIRE— PR
RO, RREERRINEE, XMAES TR,
FR2EE 7 it KIERRIRANER R FER
AP REMREIR. XAEIE AR
EMARIR. LEMWAGERIM T —HKLIX, #
FEEA. TERSETKERNHEE. BRIIK
R EBRIFFI K BRFEST IR RIS R, EIX

NEER, REERNSEER, BEaIHE, 1o
Gl P

KRB AR R B LA S A E R ARRIR
FILURAS/KAFHARRNSR, RIBERIEE

B REIR (>150C ). #iR (90T ~ 150C ).

I8 (<90°C )Eﬂﬂ;ﬁiﬂo m?a VR R R
ERARTEERTIHRER, EREERPRE
FERUKINZER, iE,y?_:l%kuL HIBEOAR|
HEBEKE, ERRTHMERBRZASRK, &
RAEKRSIEKENKE, Rk ALL
AR, MartEREiKENEBrINEIE
Ee-2l)== I

REMRRE+SFES, BRRRSEAH
RE97.9%, AIRESEHT 46265 {Zuwﬂ&
B, EE TR RETRAE RS, & EEaT,
HE 337 NEEHTIREAEER FFRRRET
BinERC, B TF2ERTHRESISTEE
TRIEFERY 60% AL ; ATSCHIERFYHIE SIS ER
320 1ZF 5%, HEETFIRSEmRARELLLE.

#BZE 2015 Flk, BRESHNAXZEMEHNEERT
FEFYHBEHSEIR N 3.92 (25K, HhmiE
5 8500 B HXK, 9A2EN20%, 2FKEX
Eiige R A EE e . BTEFNDHES IS
BERAHX ,

65




5

ASSYANYY

B

OTS

al®

TSRS AmiHR

aeRY “mutt S Rk

ACADEMICIAN WANG JIYANG
EXPOUNDS THE PAST, PRESENT AND
FUTURE OF GEOTHERMAL ENERGY

FOR YOU

PERIFR T REMRAR RS
EESERKIEBRTTItRRFEASSEIWIRIT
Fhe, FRTEA “H——FERA AR
FkeglR” HNFARE. IREESWAOES. FF
RUHRHRE . ERIMERFFAF BTV, ik
FARFBEE. LUNRAKREELSERSET.
B EHA T BRIt K, FEit
TEK (KRR ) BAETRUK (RER ), 18
HTERLTARRXR, #REFTAEEK, 2
BEKTBINREARE, FIRCSHIEKEIL I ZEE,
NHEHFRK S K EERETER.

1. tiRpERE

B, TR TR A 58
R, NEMEKEIRERER. BEIREARMLIER
AR EERAYETER R, AKRIBERF AL T M
FroR. AMEEER. Al RASHOTRE. e

66

= ab

B BERERSIZF MR A E L=
BIRA—HHEL. AR BERERT, KH8E.
MgE. EMREE. BIFREERBE T A, RBH
AREB T IIRAERIRE . JEH HhEK

E=aRo\ N
= BEilm,

B =

FUMI7IN,

B 46 12FRIERs, IERTENLERR, BDERE
KREF .

2. FRitHRRIRE

EFRTNETHREEERREKRN. BE.
BEERAN A RSEMR . HRTAMHE. XEEF
KRB, WRKBEMALEERFH, —8
HWHIRHMUEBRE . A RRKAEIREE T omk
FEXRL. RIEERBERLTSIT, 2R (ExREE
BRT=0fK ), EEFHMCARERAEIEM 2015
FAY12%, ©SE 2020 F89 15%. BT, £0]
BAERER 3 TED RINEET, WRAKBSIEE
EEFNARLIEE1/3, SABHEE. XegFHMea
BEEFY, ‘=X FEE—.
3. AR FIFAIAK

IK B IER R 2 BUR IR KR X 90 AR
(< 90T ). #EiE (90T -150TC ) fuziE ( >
150C ) AERIR. —RME, SIRNKAELL
BT &E, PMERKAZZNIFBEENR. M
EHCRE, SIRKAEMARREZSHTEKR



. BFES. R, kB, FEEE. BA. £H,
FETSTERRABIRK , ELDEIEK
ABUMREENE, Bk EB ST ERH.
AT £ SR .

FRIEERINE (IGA) 2015 ST
HIRER, SHEREBREN 1260W, RE
5xMAgE. REELBBRELTERA, BUTFA
S RENA BN ERMS I+ D EE.

B BRI FHRAFT LR AIEREN, 20 2
ERIAEEN AR —E SR RE—. R
ORI IR ERUE, BEHSIRIE LR,
BHTFPRRHISRSE. RESHHS SR
F#PEEE L, AR, MESERIRE, W
KAFFRMREIRIE, BB LIRS
SJUIHE .

HREKEEEABEARE, (ENER
RFX, HLFROLERRSSEN, BET
i B LB E AU E R AL BRI A0
28, —5E, TRKIBREREERE, &
BEE B—HE, RREEASERETS
FOMK . IEEMSTRORRTT, RN TIRIRARLE
ERMEOMS SRR, WEEN2ESN
FipE, EEFSWN EERPEENIEAFIRE
FFEEEEE.

4. AR AFIASE
REZERAMSHAFARBR, Higt
T HEREEF AR RNLEERY LIUREN . SRS,
EBEIA. ZEaFRE, NESRIER, IZFEF,
B—, AR A, LY BE. FK
EUUPERIARFERAENZG. ERLENT
KEFRBHENAENFE, RETHEENH
BFRAEEFB, 52, “®7. %7 &8,
X7 KRR, RBRREERUTHELT
200m RESBEIA ; PEIRKARGREXEE

PR BN
HOTSPOT INFO

200m ~ 3km, BEAKNER ; SRR
2 3km LLE, BRTK, MATFRE, XE6
DR RERBRMER. FKE Skm KRR
FEBRAFNBTE, NiZEGHREMR. R
ERBRFMELRBERELRMERHITEEN A,
B=, “FRATEM, AT B R H. B
IR IREE D ERED, FREBAPEIRAE,
FERTARSE. 20, “F'. 8" BE, K& 8

fF “F7. ek RGATRE, B
REEfh2ERY

ExRANZE. sERBRELRIRET 2017
F2REKAERM T (HeEFLFA “+=01"7
MK ), LRIt AGEMRC T AR . IRERE
LSRR FIREEREREE, KIFT
L X R INER B B R A, AR IE T
e EthRUR B IR BRI PRR AR FBIE .

ItESh, FeEZRERE A A KA ENRI—HLH
A, REH#ANFTAREE, BETREEREH
REIR, FAREBNEX, HEZERE,

5. RE

RERE, ERTRE T ARKHEERIA B
ERERAIRELE . R 7 IREIFEERAIM
KA TRERSMBREAIRKER, —EEKRD
R BEFR. BREFESKRE ‘R +" 1
e, BIRCSHhREERI A RIS ABHEE. XaE.
EYIREE. BFReES, ME) X7 (KBERE) "
(ib#ee) &—. “5h" (XBg) “B%" (ib#ee) &
&, GEFAFA. 2EEL. SRt RF
REHANTHMNER. IwTFE T BRIFMEHRT,
RBET “HIREM A9ERR, HXENE TN RUKME
EL B EFREERIERE, FHKIEERNX
FEHEHE, BHTXEDEENLUEFT I
TERSEKELIER. B, tREEE
PNARKBERHIRISRA A AEE

67




SCRZA)
PROJECT SHOWCASE

P VA5t

(ERREBIERIARETh

ROBUSTLY PROMOTE LOW
TEMPERATURE AND GREEN GRAIN
STORAGE TECHNICAL RENOVATION

)| 2R XESREMHEMNEIMSE, KOZIERE
SRR, TEREMRIMRRCHEERR, EHIESI
BHERE, BNHEETIRERE WA,

REEE, HERE

FEMIZMNB TEEARIEDR, ILEREMHENEDE
MEFK, ZARXEIRE. K. NSERBHERMEA,
AR RRSEERRAIZA, RT “REMSE. %
REM. tERE" ZEX. BOUE. S0EE. 8T
ENREREERER.

wiERD, Bk
M 2010 Fike, SERFRGEEREMER. XEERE
MERRIXAN AR S, BERINEE M) | ERESFURIRE

fERE R Rl

68

R AR . HE (& ReEE
HESE IR ), M 2014 ik, =&
50127t ( HPERVERN] 14 127T),
THRUA 6~7 FRIEZIRR B MRESEE
1734 BBE 607 Ak, 52E8BM
BB S0% LLE. Wla&. g8
BREFERERZREN “REIR’
NEZAMED, BN “EKIiE . B
g, EELBRVERE 11 127T, B
EEIRINE 144 1,

EEEY, EUNA
REFBLEXE (M) EARAN
FREERARNAHR , BIREHE
WEE. BEARDHTECRT . BEFETEL M.
ZFHeEDNE, SR IRIER
RN . MR, BIaARE.
FEMRERITRE T E TRl AT
5%, HIIME, BEXN— =5
RIRHRBEG, Y1202 “FWwiEmE”
— R er s, E TIRE
BT, B5 TREr WA RR



Y. MEFLSHERUEESEI, 2K
WE : PpIEsE, RTFHR. MECHBBEX
lBERL, BRERRBERIEPERLESR
REGFISIREBMIRERSR . BORR, R
THRIF R MRRAKIBERDREKSMF
YIBURR, RIRRES TIRERFEENERNE,
AEAIBR, FTFRE. SERERIEIN 100 7T
LIERGEWE, B8 TRECHEE IR
BHERE, AT RIFAMTRIGES.

ERRERARRAESBMERRFPRINA

BB TREHIENRAMEERR AN A
THREERES. AEHCB/L NS EREEMHE
RINEXA, BUSTEBZM

1. KT HRESH RIS —

RAEBRMANREERRFELL SIS
M (BEStmE 0.5 kW - h/t - C ) 588 60% LAL .
B{UBEFE(ND 0.20 kKW - hit - C, =fTHREE
Ais2Wr =4 . RFAIBERELIAR] T 3.05,

2. WL TREKIER, RETHRMER

ERIMBENZBABRRTSR, BELE
EHMET . BESHPRESARIERIRET,
FHBERNEHERDIREKD . BEEREIREME
REGBARIRNEN AR RIS EHITH
%o BT EHARBEIN, FRKERE .

3. BT RS

LL15 FHERERE DI, 3 FAWEIRE.

ERREHEFEAMEEREHNTBHORRRE

SHEEL]
PROJECT SHOWCASE

Robustly Promote Low-
temperature and Green

Grain Storage T'echnical
Renovation

Sichuan Province closely centers around
the structural reform in the grain supply side,
robustly implements the low-temperature and
green grain storage project, creates the low-
carbon and environmentally-friendly grain
storage system, and exerts great efforts
to improve the grain supply quality, which
strongly facilitates the transformation and
development of grain circulation industry.

Focus on the problems and pinpoint the path

Firmly build and fulfill the green
development philosophy, and, based on the
structural reform requirements in the grain
supply side, by the shallow geothermal
energy, water cooling, air cooling and other
new green grain storage technologies, boost
the application of low-temperature and
green grain storage technology on a large
scale, and form the multi-level, wide-ranging,
structurally-supported, and functionally
perfect low-temperature and green grain
storage system characterized by “people's
livelihood priority, diversified technology and
sound standard”.
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Cooling Operation in the Grain Warehouse

Accurately exert the efforts and steadily conduct the
implementation

From 2010, the pilot application of comprehensive
temperature control grain storage and shallow geothermal
energy low-temperature grain storage technologies has
been carried out successively, and the low-temperature grain
storage technical route meeting the grain storage ecological
conditions in Sichuan is gradually specified. The Program
for the Construction of Low-temperature Grain Reserve
Warehouse of Sichuan Province has been launched. From
2014, RMB 5 billion (including RMB 1.4 billion provincial
financial subsidies) will be invested, and it is planned that
173 low-temperature grain reserve warehouses will be
constructed in 5-7 years, with the total capacity of 6,070,000t,
accounting for more than 50% of effective capacity of the
whole province. The Provincial Party Committee and the
People’s Government of Sichuan regard the construction of
low-temperature and green grain warehouse as an important
part of “grain security engineering”, and bring it into the
“Provincial Governor Engineering”. At present, RMB 1.1
billion provincial financial funds have been implemented, and
144 construction projects have been started.

Pay close attention to the actual effects and enhance
the application
Organize in time relevant cities (prefectures) and enterprises to
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deeply conduct the researches
on low-temperature technical
application, and preliminarily
form the low-temperature grain
warehouse technical application
experience of Sichuan through
the grain information and data
collection, sample analysis
and comparison, online energy
consumption monitoring and
economic benefit analysis;
carry out the expansion and
extension and integrative
development; pay close
attention to the low-temperature
grain storage’s guidance,
promotion and support for the
upstream and downstream
industries in the grain industry,
and initially establish the
“production, purchase, storage,
processing and marketing”
integrated all green industrial
chain through the integration
of resources in the primary
industry, secondary industry
and tertiary industry, which
drives the transformation and
upgrade of grain industry and
improves the quality and benefit
of grain industrial development;
the low-temperature and
green grain storage benefits
gradually appear, and they
are mainly embodied in:



pollution prevention and beneficial for
environmental protection; the used
chemicals of low-temperature warehouse
are greatly reduced, and the grain and
environmental pollution due to the use
of insecticide during the grain storage
process is effectively avoided; the grain
losses are decreased and it is favorable
for maintaining the quality; the low-
temperature technology drastically
reduces the grain water and dry substance
losses, and retains the grain freshness
and nutritional value; it increases the
benefits for the enterprise and it is
favorable for the development; more than
RMB 100 comprehensive earnings may
be increased for each ton of grain, the
grain storage enterprise’s benefits and
grain supply quality are improved, and
good social benefits are achieved.

Application of Ever Source’s
geothermal energy heat pump
technology in the green grain
storage system

Ever Source’s single well cyclic heat
transfer geothermal energy heat pump
technology is successfully applied in
the green grain storage system. In the
south, there are several 10,000t green
grain storage projects adopting this
technology, and they have achieved
remarkable effects:

1. Realize the energy saving and
environmental protection unification

SHEEL]
PROJECT SHOWCASE

The low-temperature grain storage system
by Ever Source’s technology saves more than
60% energy compared with the grain cooler
(national standard 0.5 kW-h/t-°C). The unit energy
consumption is only 0.20 kW-h/t-°C, and there
is no pollutant during the operation. The energy
efficiency ratio of the system is 3.05.

2. Reduce the grain water loss and improve
the grain storage quality

In the traditional mechanical ventilation, the
natural cold air enters, and the humidity cannot
be controlled or regulated. Moreover, during
the circulation with the external air, some grain
water will be taken away inevitably. However, the
cold air in Ever Source’s low-temperature grain
storage system is refrigerated by the air recycled
in the warehouse. Since it is the closed internal
circulation, the waterretaining effect is good.

3. Remarkable economic benefits

If the equipment investment apportionment
is calculated per 15 years, investment may be
recovered in 3 years.

Ever Source’ s Single Well Cyclic Heat Transfer Geothermal
Energy Collection Well and Mobile Heat Pump Device
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AND DEVELOPMENT PROSPECTS OF
ENHANCED GEOTHERMAL SYSTEMS
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