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Distribution of
Geothermal Resources

of China and

Development and
Utlization Prospect

Author:
Wang Jiyang Pang Zhonghe Kong
Yanlong(Institute of Geology and
geophysics, Chinese Academy of
Science)

1 Introduction

As a kind of extremely competitive clean
and renewable energy source, the geothermal
resource can substitute fossil fuel and be used
for indoor heating and power generation, thus
promoting regional economic development.
The large-scale exploitation and utilization
is to deal with global climate change and
the demand of energy saving and emission
reduction, and the huge resource reserve
decides that the geothermal energy will
become one of important substitute new
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energy sources of human beings in the future
(Wang Jiyang, et al., 2012). The geothermal
resource can be divided into shallow layer,
medium-deep layer and ultra-deep layer
geothermal resources based on depth. The
shallow geothermal energy can be exploited
and utilized via borehole heat exchangers
(BHE), with the depth scope of 200m or
shallower generally, including soil layer and
shallow aquifer. The medium-deep geothermal
resource is within 200m-3,000m generally, and
it also can be further divided into convection
heat exchange system (distributing exploration
well and injection well in aquifer) according
to exploitation system and conduction heat
exchange system (borehole heat exchangers
- BHE). The ultra-deep geothermal resource
exceeds 3,000m in buried depth generally, and
it can be hot dry rock or hydro-thermal system.

In China, the exploitation of geothermal
resource started from the 1970s, mainly
referring to hydro-thermal type exploitation;
and the geothermal resource was used for
heating and bathing. Driven by petroleum
crisis, a large number of geothermal fields
were exploited, and geothermal resources
all over the country were also evaluated.
Through several decades of years, the
thermal background and geothermal resource
distribution in mainland of China also become
clear (Wang Jiyang, et al., 2012).

With the large-scale exploitation of
geothermal resources in China, the research
on geothermics, including theory and
application of geothermal resource, has huge



progress in China, such as geothermics
evidence of research on geodynamics (He,
2015), research on genesis and evaluation
of large-sized karst geothermal reservoir
(Pang Zhonghe, et al., 2012), evaluation of
economy of mining and filling well distance
in geothermal reservoir engineering (Kong et
al., 2017) and evaluation of heat exchange
efficiency of deep well (Kong Yanlong, et
al., 2017). Pang Zhonghe, et al., (2014)
summarized the theoretical progress of
geothermics in recent years, and pointed
out that in the past 20 years, the geothermal
research in China experienced the
development course from the shallower to the
deeper and from the present to ancient times,
making great contribution to the national
energy and security construction. Wang
Jiyang, et al., (2015) published the book
named Geothermics and Its Applications,
and the book comprehensively summarized
theories and applications of geothermics of
recent years.

In recent years, multiple national policies
have been issued to support geothermal
development. For example, on January
10, 2013, the G.N.X.N. [2013] No. 48
Guidance on the Promotion of Geothermal
Energy Development and Utilization by
the Ministry of National Energy Bureau,
Finance, Land Resources, Housing and
Urban and Rural Construction was issued,;
on June 25, 2014, the N.Z.X.N. [2014] No.
497 Notification on Organizing Preparation
of Plan of Geothermal Energy Development
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and Utilization of Comprehensive Division
of National New Energy and Office Hall of
Ministry of Land and Resources was issued,
on January 23, 2017, “Thirteenth Five-Tear
Plan” of Geothermal Energy Development
and Utilization was printed and issued, and
the plan pointed out that during the “Thirteenth
Five-Year Plan” period, the newly added
heating (cooling) area of geothermal energy
was 1.1 hillion m?% in which, the newly added
heating (cooling) area of shallow geothermal
energy was 700 million m?; and the newly
added heating area of hydro-thermal type
geothermal energy was 400 million m?>. The
newly added installed capacity of geothermal
energy power generation was 500MW. Till
2020, the accumulated heating (cooling) area
of geothermal energy will reach 1.6 billion
m?, and the installed capacity of geothermal
energy power generation will be about
530MW. In 2020, the annual utilization amount
of geothermal energy will be equivalent to 70
million tons of standard coal, and the annual
utilization amount of geothermal energy for
heating will be equivalent to 40 million tons of
standard coal. The annual utilization amount
of geothermal energy in Beijing, Tianjin and
Hebei will be equivalent to about 20 million
tons of standard coal.

However, with the booming of geothermal
energy exploitation in China, a series of
problems also occur, especially that the
exploitation thought is not clear. For example,
we don’t know we should pay attention to
geothermal heating or geothermal power
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generation, we should exploit
hydro-thermal system or
exploit hot dry rock. In this
article, we will mainly discuss
the exploitation thought
of geothermal resources
in China based on stating
distribution characteristics
of geothermal resources in
China, and the discussion
result can be used as
reference of management
department and geothermal
industry.

2 Advantages of Geothermal
Energy

The geothermal energy
has obvious advantages
(Table 1), mainly including:

(1)The resource amount
is huge. According to
evaluation result of Ministry
of Land and Resources, the
exploitable amount of hydro-
thermal type geothermal
resources each year is
equivalent to 1.865 billion
tons of standard coal, i.e.
50% of coal consumption
in 2015 in China; the
exploitable amount of
shallow geothermal
resources of 336 cities
above prefecture level each
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year is equivalent to 700 millons of standard coal, i.e. 19% of
coal consumption in 2015 in China (Wang Guiling, et al., 2017).
Wang Jiyang, et al. (2012) pointed out that the total resource
amount obtained from calculation of hot dry rock in mainland
of China was 2.09x10%J, equivalent to 7.15x10° billion tons
of standard coal. In case of calculating as per 2% exploitable
resource amount, it was equivalent to 4,400 times as much as
total energy consumption amount in 2010 in China.

(2)The energy utilization efficiency is high. In the family
of new energy sources and renewable energy sources, the
energy utilization efficiency of geothermal energy power
generation is the highest (73% averagely), and may reach 90%
above in some countries or districts. The average utilization
efficiency of geothermal power generation reaches 73%, which
is 5.2 times as high as that of photovoltaic power generation
and 3.5 times as high as that of wind power generation. In
addition, the reliability is high, and it can be used as basic load
and peak regulation load.

(3)The cost is competitive. Compared with solar energy, wind
energy, biomass energy and other renewable energy sources,
the cost of geothermal power generation is relatively low
(GoldembergandJohansson, 2004).

Table 1 Comparison of Advantages among Different Renewable Energy Sources

ey | 76% |2-10centskwh| Large | Stable
Solar energy 25-160 cents/
(photovoltaic) 4% kwh Huge Unstable
=Wind energy 1% 4-8 cents/kwh Huge Unstable
Biomass o B Quasi-
energy 2% 3-12 cents/kwh Large stable




(4)The CO, emission
reduction is obvious.
Compared with traditional
boiler heating, in case of
adopting heat pump for
heating, the emission amount
of CO, will be reduced by
50% at least. If the power
required by heat pump
comes from renewable
energy sources (such as
hydroelectric generation), the
emission amount of CO, may
be reduced by 100%.

3 Distribution Characteristics
of Geothermal Resources in
China

China is located in two
global geothermal belts. The
Himalaya geothermal belt
in southwestern region is a
section of Mediterranean -
Himalaya geothermal belt,
while the Taiwan geothermal
belt in eastern region
belongs to a part of circum-
Pacific geothermal belt.
Under the tectonic structure
background and regional
geothermal background, a
high-temperature convection
type geothermal system on
the Himalaya geothermal belt
forms in southwestern region,
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and a high-temperature convection type geothermal system
on Taiwan high-temperature geothermal belt forms in eastern
region. These two geothermal belts belong to plate margin
geothermal belts. In addition, a great number of medium and
low-temperature geothermal systems are widely distributed in
other regions all over the country, including medium and low-
temperature conduction type geothermal system in large-sized
sedimentary basin and medium and low-temperature convection
type geothermal system in uplift mountainous region. These
belong to geothermal belts inside the plate (Figure 1).

In large-sized sedimentary basins in China, there are

4
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Figure 1 Distribution of Main Geothermal Systems
in China (Pang Zhonghe, et al., 2015)

abundant medium and low-temperature geothermal
resources. From the genesis type perspective, they mainly
refer to medium and low-temperature conduction type
geothermal system; in local belts, the conduction-convection
subclass forms due to influence of fracture activity. From
east to west, the geothermal states of main sedimentary
basins in China refer to hot basin, warm basin and cold basin
successively. Songliao Basin, Bohai Bay Basin and Northern
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Jiangsu Basin in eastern region
belong to hot basins, with abundant
geothermal resources.

In the geothermal system of
sedimentary basin, main thermal
reservoir types include sandstone
porosity type thermal reservoir and
bedrock fissure — karst type thermal
reservoir; in which, the exploitation
and utilization conditions of fissure
— karst type geothermal reservoir
are more excellent. In Figure 2,
carbonate rocks in China are
overlapped on the terrestrial heat
flow diagram (to reflect thermal
background), which shows that the
total distribution area of carbonate
rocks in China occupies 1/3 of the
terrestrial, with exposed area of
about 900,000km® and concealed
area reaching 2500,000km?. Based
on difference in karst exploitation
degree, we adopt analogy method,
take geothermal system of Xiongxian
County and geothermal system of
Northern Jiangsu for reference, and
estimate the potential of geothermal
resources of karst geothermal
reservoir of the whole country, and
the result is about 500 billion tons
of standard coal. According to this,
it can be known that the geothermal
potential is huge.

From Figure 2, it can be known
that both Xiongan New Area and

14

Beijing City are within the Bobai Bay Basin covered
by karst type geothermal reservoir. The heat flow
background in Figure 2 also shows relatively good
thermal background of Xiongan New Area. In the
future, in both Xiongan New Area and Beijing Sub-
center, the potential of geothermal energy will be huge
(Pang Zhonghe, et al., 2017).

Figure 2 Schematic Diagram of Distribution of Karst Geothermal
Reservoir in Mainland of China (Pang Zhonghe, et al., 2012)

4 Exploitation and Utilization Thought

Targeting distribution characteristics of geothermal
resources in China, and based on national demand,
we propose the following thoughts of geothermal
resource exploitation:

(1) Pay attention to “heat” and “electricity”, and
take “heat” as the principal thing, i.e. based on
distribution characteristics of geothermal resources
and heat using demand in China, both geothermal
heating (and other heat using types) and geothermal
power generation shall be implemented at the same
time, but it is necessary to take heat supply as the



principal thing.

(2) Combine deep layer with shallow layer,
and conduct exploitation from shallow layer
to deep layer, i.e. combine medium and
deep-layer geothermal energy and shallow
geothermal energy, adjust measures to local
conditions, and make full use of geothermal
resources. The advantage of medium and
deep-layer geothermal energy is small land
coverage area, while the disadvantage is that
the resource distribution is uneven. However,
the advantage of shallow geothermal energy
is that it is just slightly restricted by region, but
the covered land area is large, and there may
be problems such as cold/heat accumulation.
Combining both of them organically is in favor
of full use of geothermal resources.

(3) Take both eastern region and western
region into consideration, and adopt
electricity in western region while adopt heat
in eastern region, i.e. both eastern region
and western region can utilize geothermal
energy; while the western region, especially
the Tibet region, it is necessary to put the
geothermal energy power generation in
the first place, while in eastern region, it
is required to pay more attention to heat
utilization. As mentioned above, in the
western region in mainland of China, there
is abundant high-temperature geothermal
energy, and the cost of geothermal
energy power generation is more suitable
compared with that in eastern region, and
the geothermal energy may make great
contribution to local power using demand.

NG
CURRENT FOCUS

In eastern region, from Northern China to
the south of Nanling Mountains, there is
the demand of clean heating, and in this
region, there are abundant medium and
low-temperature geothermal resources, and
the resources can be used for heating.

(4) Both dry degree and wet degree are
suitable, and the hydro-thermal resource
shall be exploited firstly and then the hot dry
rock, i.e. pay suitable attention to hot dry
rock and hydro-thermal geothermal resource.
Utilize hydro-thermal geothermal resource
firstly and then exploit the hot dry rock. On
one hand, the hydro-thermal type geothermal
resources in China are abundant, while they
are not exploited and utilized fully, and there
is still a very large utilization space. On the
other hand, the exploitation cost of hot dry
rock is relatively high, while the commercial
exploitation at current stage is not realistic;
it is necessary to conduct scientific research
firstly, and then conduct commercial
exploitation after the technology is mature.

(5) Combine solar energy and geothermal
energy, and combine wind energy and
geothermal energy well, i.e. utilize
geothermal energy and other renewable
energy sources in a comprehensive
complementation way, thus realizing
relatively high energy using efficiency, which
is called geothermal “+”. Combine solar
energy and geothermal energy as well as
wind energy and geothermal energy, thus
accelerating the development of new energy
and renewable energy in China.
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70,000,000t Standard
Coal Only the “Small
Goal” of Annual

Utilization Volume of
Geothermal Energy

Author:
Specially Invited Reporter /Li Jing

In January 2017, the National Development
and Reform Commission, the Ministry of
Land and Resources and the National Energy
Administration jointly published the “Thirteenth
Five-year Plan” for Development and Utilization
of Geothermal Energy. The Plan at the state
level in the geothermal energy field for the
first time not only establishes the milestone of
geothermal industrial development, but also
specifies the development goal of geothermal
energy during the “Thirteenth Five-year Plan”.
Particularly, the annual utilization volume of
geothermal energy by 2020 will be 70,000,000t
standard coal.

According to the data, as of the end of the
“Twelfth Five-year Plan”, China just realized
the annual substitution of 20,000,000t standard
coal in the geothermal energy utilization.
The national shallow geothermal energy
heating and cooling area is 392,000,000m?,
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and the mid-deep geothermal heating area is
102,000,000m”. In five years, namely, as of
the end of the “Thirteenth Five-year Plan”, the
goal of annual utilization volume of geothermal
energy will directly achieve the leapfrog
development from 20,000,000t standard coal
to 70,000,000t standard coal, can this goal be
realized? How to realize this goal?

70,000,000t standard coal is still the “small goal”.

According to the analysis of annual utilizable
volume of currently proven geothermal energy
of China, the goal of annual utilization volume
of 70,000,000t standard coal is only the “small
goal”’. Based on the introduction by Liang
Zhipeng, Head of New Energy Department of
National Energy Administration, in the press
conference of the “Thirteenth Five-year Plan” for
Energy Development and the “Thirteenth Five-
year Plan” for Renewable Energy Development,
China possesses abundant geothermal energy
resources. The annual exploitable resources of
shallow geothermal energy are converted into
700,000,000t standard coal, and the exploitable
resources of mid-deep geothermal energy are
converted into 1,900,000,000t standard coal.
On that basis, 70,000,000t standard coal is
only about 1/38 of annual utilizable volume
of geothermal energy of China. During the
“Thirteenth Five-year Plan”, the exploration
of geothermal energy of China will be further
deepened, and it will be explored from 3,000m
to 5,000m. This means that the annual utilizable
volume of geothermal energy resources will
further increase.



As we know, in the statistics of total volume
of energy consumption, China universally uses
“standard coal” as the common quantization
unit, which shows the importance of coal
to some extent. In reality, in the energy
consumption structure of China, the coal
consumption is in the first place steadily all
the time. So far, the coal consumption still
accounts for more than 60%.

According to the Statistical Communiqué of
National Economic and Social Development
of 2016 released by the National Bureau of
Statistics of the People’s Republic of China,
the total volume of energy consumption of
2016 of China was4,360,000,000t standard
coal. The coal consumption decreased by 2
percentage points compared with that of 2015,
and it decreased for three years consecutively,
but it still accounted for 62% of total volume
of energy consumption. The consumption
of hydropower, wind power, nuclear power,
natural gas and other clean energy rose by 1.7
percentage points and it accounted for 19.7%
of total volume of energy consumption. The
consumption of unlisted geothermal energy
was relatively small.

Subject to relevant plan, the goal of annual
utilization volume of 70,000,000t standard
coal of geothermal energy at the end of the
“Thirteenth Five-year Plan” will occur in many
directions, such as heating (/cooling), power
generation, plantation, cultivation and bathing.
Actually, two main application directions of
geothermal energy of China presently are still
the geothermal energy power generation and
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direct utilization of geothermal energy (like
heating/cooling). Due to the power generation
efficiency, economic benefit and other
factors, only Guangdong Fengshun and Tibet
Yangbajing develop and utilize the geothermal
energy for power generation currently. As to
the direct utilization of geothermal energy,
especially in the heating field, the development
growth is relatively quick in recent years.
Since the end of 2014, the shallow geothermal
heating (ground source heat pump) accounts
for 58%, and the mid-deep geothermal heating
(direct heating) accounts for 19%, exceeding
18% of hot spring bathing for the first time.
The direct utilization of geothermal resource of
China presents the positive change situation.

The market trend has occurred in the
geothermal energy heating.

In recent years, due to the policy
environment improvement and environmental
protection pressure, a foundation is laid for
the development and utilization of geothermal
energy heating to some extent. In particular,
at the fourteenth meeting of the Central
Leading Group on Financial and Economic
Affairs in 2016, President Xi Jinping stressed
that six issues, including advancing the clean
heating in winter in the north of China, were
big matters, and they had a bearing on the life
of the masses and they were the important
people’s livelihood projects and projects of
common aspiration of the people. Besides, he
pointed out that advancing the clean heating
in winter in the north of China had a bearing
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on the warm winter of the masses in the north
of China, and on whether the hazy days can
be reduced, and was the important content of
energy production and consumption revolution
and revolution of rural lifestyle. Based on the
policy of “the enterprise is in the dominant
position, the government promotes the project,
and the resident can bear the project”, the gas
should be used if the gas is appropriate and
the electricity should be used if the electricity
is appropriate, and the clean energy should be
made use of as far as possible, so as to raise
the proportion of clean heating.

As the “coal into electricity” and “coal into
gas” are further carried forward, the clean
energy heating becomes the necessary
approach to take the green development
road. However, due to the unexpected “gas
shortage” in winter of 2017, the realistic
guestion has been raised about the prospect of
“coal into gas”. Zhang Yuging, Former Deputy
Head of National Energy Administration, said
to Shanghai Securities News that the cause for
the “gas shortage” of China in winter this year
was the backward emergency capacity building
of natural gas storage and peak regulation at
first. In the second place, the “coal into gas”
this year was far beyond the expectation inside
and outside the industry

As a matter of fact, the “coal into gas” is
not the only way to the clean energy heating.
Moreover, according to the comprehensive
consideration of natural gas reserve and
consumption, energy grade and other aspects
of China, it seems that the costs of solving the
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problem of heating in winter by natural gas are
too high. This current situation leaves a greater
development space for the geothermal energy
heating. Pursuant to the “Thirteenth Five-
year Plan” for Development and Utilization of
Geothermal Energy, during the “Thirteenth Five-
year Plan”, the newly increased geothermal
energy heating (cooling) area of China will be
1,100,000,000m.

The technical reserve, market condition and
even investment environmental impact are
several indispensable elements of geothermal
energy heating development. Particularly, the
geothermal energy heating has the promotion
model in China, namely, the “smoke-free city” of
geothermal heating in place of coal-fired boiler
completed in Xiongxian County, Hebei Province,
and it is also praised as the “Xiongxian County
Model”. According to Wang Jiyang, Academician
of the Chinese Academy of Science, in the
region and province and municipality with
similar resource conditions in the north of China,
“Xiongxian County Model” should be robustly
promoted and the heating problem should be
solved by the geothermal energy.

“The deploymentof Xiongan New Area is
relatively early, the demonstration effect has
appeared, and Xiongan New Area has become
the model of taking a lead in the domestic and
international geothermal energy utilization”.
According to Pang Zhonghe, Director of
Geothermal Resource Research Center of
Geological and Geophysical Research Institute
of the Chinese Academy of Sciences, “like
the model unit, if it can be seen, someone will



follow it, and it will be certainly better”.

In addition to the heating, the geothermal
energy can also solve the cooling problem.
According to the data published by China
Geological Survey in 2014, the available
heating area in winter of shallow geothermal
energy of 31 provincial capitals nationwide is
1.13x10"m’ and the available cooling area in
summer is 9.09x10°m?.

For the vast areas in the Yangtze River Delta,
the heating in winter and cooling in summer
are a big problem which nags the energy circle
all the time. Since no relevant policies or laws
or regulations are launched, the residents in
these areas often independently solve the
heating/cooling problem, leading to the air
pollution and the waste of relevant energy. In
fact, the abundant geothermal resources in this
region may become the breakthrough point to
solve the problem. In 2013 and 2014, Jiangsu
Geological Survey exploited 92°C and 93°C
geothermal water in Xiaoyangkou, Rudong
County, Nantong and Baoying, Yangzhou. If
such resource is used for the establishment of
small and decentralized independent energy
system, the heating/cooling problem in the
Yangtze River Delta is expected to be solved.

Even if the current geothermal energy
heating/cooling has/have been provided
with the large-area promotion condition
initially, some restrictive factors should not be
neglected. For example, the local government
has insufficient understanding and is not
at ease enough for the geothermal energy
heating (/cooling). Moreover, some places
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have limited policy support and guidance
for the geothermal development enterprise.
Meanwhile, there is a lack of uniform industrial
technical standards. All these are unfavorable
for the large-scope promotion and application
of geothermal energy heating.

However, according to Pang Zhonghe, the
development of any industry has a process of
start from zero and gradual development. At
present, the policy environment of geothermal
energy heating tends to be good gradually and
the development prospect should be optimistic.

It is urgent to actively carry forward the
geothermal energy power generation.

Different from the geothermal energy heating,
the geothermal energy power generation of
China has not achieved great development in
the past several decades. Relevant ranking of
geothermal energy in the world also verifies
this current situation. Currently, the geothermal
energy heating of China is No. 1 in the world.
However, among 24 countries which generate
the power by geothermal energy in the world,
China only ranks No. 18. As of the end of 2014,
the total installed capacity of geothermal power
generation of China was 27.28MW, which was
far behind the USA whose installed capacity
of geothermal power generation exceeded
3,000MW, and the Philippines whose installed
capacity was close to 2,000MW.

Subject to the Thirteenth Five-year Plan for
Development and Utilization of Geothermal
Energy, by 2020, the installed capacity of
geothermal power generation of China will
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be about 530MW. The increase from about
20MW to 530MW should still be described
as “leapfrog”. For this, Pang Zhonghe says
that the goal of geothermal energy power
generation during the Thirteenth Five-year Plan
is indeed tougher.

Reviewing the history of geothermal
energy power generation of China, during
the development process of more than 30
years, we find that only Tibet Yangbaijing is the
geothermal energy power generation project
which may be “brought to the table”. According
to the open data, Yangbajing Geothermal
Field is the first geothermal power station
constructed by China. Since the completion,
test and power generation in September 1977,
the installed capacity has reached 25.15MW,
accounting for 41.5% of total installed capacity
of power grid of Lhasa. In the dry season
in winter, the geothermal power generation
capacity accounts for 60.0% of power grid of
Lhasa, becoming one of its main power grids.

The benefits of Yangbajing are obvious, but
why is the overall development of geothermal
energy power generation not driven? Partially,
the geothermal energy power generation has
a high temperature requirement. Generally, the
water temperature should be more than 150°C.
However, the geothermal resources of China
are low and medium temperature primarily.
Meanwhile, the thermal efficiency realized
by the current technical level of China is still
relatively low. Different steam turbines should
be adopted for different geothermal types, but
the thermal efficiency is 6.4-18.6% generally.
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As a matter of fact, there may be many basic
technical problems in the geothermal energy
power generation of China. The heat source
exploration technology, drilling and exploration
technology, well completion technology and
other basic technologies are to be further
developed, and the costs of geothermal energy
power generation should be further reduced
as well. At present, the cost per kilowatt hour
of power generation of Yangbajing Geothermal
Power Plant is about RMB 1. The cost per
kilowatt hour of geothermal energy power
generation of the USA is only 2.4 cents (about
RMB 0.15 after conversion), and the degree of
automation is high.

To achieve the goal of 530MW of geothermal
energy power generation at the end of the
“Thirteenth Five-year Plan”, relevant policies
have started accelerating guidance and
promotion presently. In particular, in the “deep
earth exploration, deep sea exploration, deep
air-to-ground observation and land technical
innovation” strategy of land resources, the goal
of deep earth exploration strategy is raised: by
2020, 2,000m mineral resource exploitation and
3,000m mineral resource exploration complete
technical capacity will be formed, and a batch
of more than 5,000m resource prospection
cutting-edge technologies will be reserved, and
great efforts will beexerted to make China the
“frontrunner” in the world by 2030.

The features of geothermal energy are “the
deeper the depth, the higher the temperature”
and “the geothermal resources will increase
as the exploration degree increases and the



growth of geothermal energy power generation
will be driven”. Besides, Pang Zhonghe predicts
that “when the exploration of geothermal energy
increases from 3,000m to 5,000m, a second
space and a new development direction will be
increased”.

The geothermal energy may continue the
cascade utilization pattern.

For the development and utilization of
geothermal energy, the concrete goal has
been specified in the “Thirteenth Five-year
Plan”. Further promoted and guided by the
policy environment, the geothermal energy
consumption is expected to gradually
steady rise curve for its proportion in the energy
consumption of China.

form a

According to Cao Yaofeng, Academician of
the Chinese Academy of Engineering, Director
of Steering Committee of National Geothermal
Energy Center, and Former Deputy General
Manager of Sinopec, after the estimation
per total volume of energy consumption of
4,800,000,000t standard coalof 2020, the
geothermal proportion will reach 1.5% at the
scheduled time, up by a percentage point
compared with 0.5% currently. In other words,
in the growth of three percentage points of
non-fossil energy in the next five years, the
geothermal energy will occupy a large share.

In the development and utilization of
geothermal energy, who will be in the front
rank? During this rise process, the geothermal
energy heating is likely to be the direction of
faster development. The development and
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utilization of geothermal energy have the
uniqueness. The geothermal energy is not the
one-off energy and its purpose is hot one-off
either. The geothermal resources of different
temperatures may be fit for different utilization
directions. Therefore, the cascade utilization
will bring the greater advantages of geothermal
energy into play.

According to Pang Zhonghe, the prospect
of development and utilization of geothermal
energy in the future will be optimistic. “After
going deeper, the grade of geothermal energy
will be further increased, and the temperature
also rises. The high grade geothermal energy
may be used for the geothermal energy power
generation at first. As the water temperature
decreases, it may also be used for the heating,
bathing and agricultural cultivation and the like.
It still presents a kind of cascade-like utilization
pattern”.

However, in this pattern, Pang Zhonghe says
that the faster development in a direction also
depends on the policy, technology, market,
investment and other factors. Generally

speaking, the geothermal energy heating will
still be a main battlefield.
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Overview of Work of Efhcient Replacement of Coal
by Electricity m Rural Areas in the North of China

Author: Kou Xiaohu

I. Brief Introduction to Efficient Coal-to-
Electricity in Rural Area of Northern China

In August 2013, the People’s Government of
Beijing Municipality issued 2013-2017 Working
Scheme on Accelerating of Reducing Fire Coal
and Clean Energy Construction of Beijing City.
According to the 2017 Working Scheme on
Clean Heating in Winter in Villages of Rural
Area of Beijing City, it is required to complete
the task of “coal to clean energy” of 700
households in villages of rural area, implement
“coal to clean energy” work of 1,400 public
activity sites of village committees and villagers
and 790,000m2 seed agriculture facilities;

and make sure that there is almost no coal in
households of villages in flat areas of 6 districts,
i.e. Chaoyang District, Haidian District, Fengtai
District, Fangshan District, Tongzhou District
and Daxing District.

Il. Introduction to Various Technologies of
Coal-to-Electricity

1. Heat Accumulation Electric Heater
Technology

The heat accumulation electric heater (as
shown in Figure 1) utilizes low-price electric
energy within the low-ebb time period of
power grid at night to complete conversion

Figure 1 Appearance of Heat Accumulation Electric Heater
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Figure 2 Appearance of Air-source Heat Pump

and storage of electric and thermal energy,
and release the stored heat via radiation and
convection within the peak time period of power
grid, thus realizing indoor heating. The heat
accumulation electric heater directly utilizes
electricity for heating at the price of low-ebb
electricity. However, the power consumption is
relatively high, so there is no obvious reduction
in overall running cost.

2. Air-source Heat Pump Technology

The air-source heat pump unit (as shown
in Figure 2) is a kind of integrated central air
conditioning equipment with air as cold and
heat source, with water as cooling and heating
medium. The unit can be directly placed on
the roof, podium building platform or horizontal
ground. The air-source heat pump utilizes low-
grade air energy, with comprehensive energy

60

efficiency coefficient of about 2.5 in case of
heating in winter. However, when the outdoor
temperature is extremely low, the energy
efficiency coefficient will be reduced greatly
and even the startup cannot be realized, with
low reliability; and the heating effect cannot be
guaranteed in case of low-temperature weather
for continuous several days.

3. Heat Pump Technology of Shallow
Geothermal Energy

Traditional geothermal energy is a kind of
high-grade thermal energy, and is the national
mineral resource. The shallow geothermal
energy is a kind of renewable low-grade
thermal energy (below 25°C). The shallow
geothermal energy heat pump combines
shallow geothermal energy and heat pump
system. The shallow geothermal energy can be
substitute energy of heating to realize heating
in winter, cooling in summer and supply of
domestic hot water throughout the year. As
the heat source of heating of heat pump, the
shallow geothermal energy refers to “taking”
out the heat in the ground source, increasing
the temperature and then transmitting the heat
to rooms. In case of utilizing 1 share of cleanest
electric energy to haul more than 3 shares of
above renewable shallow geothermal energy,
there will be heat energy directly transformed
by more than 3 shares of electric energy, thus
realizing efficient utilization of electricity.

The geothermal energy heat pump has
two types of Efficient Coal-to-Electricity, i.e.
centralized type and household type.

(1) The centralized type (as shown in Figure
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Figure 3 Effect Diagram of Centralized Engine Module

3) adopts routine centralized type heat pump
engine system, and it is used in regions where
farmhouses in villages have no enough space,
the reconstruction of power system is high and
the power reconstruction of each household
cannot be realized. The reconstruction is to
be conducted by adopting ground source
collection well + centralized heat pump

Figure 4 Effect Diagram of Indoor Unit

room + heating radiator system. The power
reconstruction is only required to be conducted
to the ground source heat pump room; when
the heating of “coal to power” is completed, the
construction difficulty and investment of power
reconstruction are also reduced. The machine
room adopts modular type; the pipeline is
paved in underground pipe corridor; on the
ground, only the standard module container
can be seen. The centralized heating reduces
using cost via intelligent control.

(2) The household type (as shown in Figure
4) adopts geothermal energy device to
supply heat to buildings in winter via shallow
geothermal energy whose hauling temperature
of electric energy is relatively constant. It also
can conduct cooling in summer, and can
provide domestic hot water. It is a kind of self-
heating system of Efficient Coal-to-Electricity
supplying heat to buildings intelligently via
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Table 1 Contrastive Analysis on Various Heating Modes

. Heat Accumulation Electric . .
Contrastive ltem Geothermal Energy Heat Pump System - Air Energy Heat Pump Bulk Coal Combustion
ing

Main consumed Renewable low-grade shallow

energy sources

ground source energy

Primary mineral

High—-grade electric

Low-grade air energy substance fossil

energy coal

The electric energy is

1 share of paid electric energy can

directly converted into

Working haul more than 3 shares of free

1 share of paid electric energy

thermal energy, with

principle of shallow geothermal energy, with

can haul 2-3 shares of outdoor air Bulk coal combustion

the highest efficiency

system functions of heating, cooling and

energy.

of 100%, only used for

supplying domestic hot water.

heating.

The geothermal energy collection

It is only applicable

Current temperature is constant, not

The air energy collection
temperature refers to outdoor

environmental temperature. For

to individual regions  the same equipment, the efficiency  To be substituted

applicable influenced by outdoor temperature. It

with abundant power

situations can guarantee heating and is of high

resources.

efficiency.

geothermal energy without combustion. Each
room refers to a set of independent system,
operated with remote control unit; and the
system is of fully automatic control. The room
will not be cold even if the system is not started
up, thus realizing cost saving. The system is of
simple operation, and is in favor of differential
using in case of behavioral energy saving,
thus meeting the demand of customers to the
greatest extent, especially individual demand of
all households in the vast rural areas.

lll. Contrastive Analysis and Summary

The analysis on above several types of
Coal-to-Electricity is conducted from main
consumed energy sources, working principle
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is relatively low in case that the gradually

environmental temperature is =10C
below, with the heating output not

guaranteed.

and effect, and the contrastive result is as
shown in Table 1.

In 2016, the “coal to power” in Beijing
experienced inspection of the first heating
season. As the third statistical institution,
Beijing Jingchengxing Information Co., Ltd.
(hereinafter referred to as “JCX") conducted
random sampling, monitoring and running data
statistic targeting a part of users of geothermal
energy heat pump (as shown in Table 2) and
air-source heat pump (as shown in Figure 3)
among users of “coal to power” village heating
engineering.

From investigation, statistic, analysis and
sorting of above running data, it can be
known that:
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Table 2 Running Data of Geothermal Energy Heat Pump Users

Peak Low-ebb Number of
Region Name of Village Room Area Tail Pattern
Temperature EIectrlcny Electricity | Electricity | Running Days

250.80 Hot air = 18T 9295 4673 4622 123
002 208.84 Hot air = 18T 7086 4131 2955 123
003 230.58 Hot air = 18T 8937 4109 4828 123
004 222.44 Hot air = 18T 6762 3683 3079 123
005 267.00 Hot air = 18T 6738 4340 2398 123
Xizha Village
006 267.00 Hot air = 18T 9958 5928 4030 123
007 248.34 Hot air = 18T 6053 3453 2600 123
Haidian 008 195.15 Hot air = 18T 6659 3290 3369 123
District 009 241.76 Hot air = 18T 7698 4672 3026 123
010 267.00 Hot air = 18T 7661 3998 3663 123
Heating .
011 217.44 ) = 18T 10597 6565 4032 123
radiator
Floor
012 239.51 ) = 18T 9865 6166 3699 123
) heating
Lijiafen Village
013 185.67 Hot air = 18T 3600 2811 789 123
014 267.00 Hot air = 18T 2095 1468 627 123
015 267.00 Hot air = 18T 5447 3863 1584 123
016 150.00 Hot air = 18T 4472 2437 2035 123
Daxin
D'stricgtJ Liuminying Village 017 150.00 Hot air = 18T 4085 2513 1572 123
i
018 150.00 Hot air = 18T 2777 1786 991 123
Yanging 019 109.00 Hot air = 18T 3220 1745 1475 123
o Jiuxian County
District 020 80.00 Hot air = 18T 4686 2406 2280 123
021 240.00 Hot air = 18T 4442 2372 2070 123
Mentougou . .
District Longquanwu Village 022 120.00 Hot air = 18T 3939 2329 1610 123
istri
023 90.00 Hot air = 18T 2730 1031 1699 123

Table 3 Running Data of Air Energy Users

Total Peak Low-ebb | Number of
Region Name of Village RoomArea | Tail Pattern
Temperature | Electricity | Electricity | Electricity JRunning Days|
= 18T

Chaoyang
Lvjiaying Village 99.24 Cooling fin 5542 3416 2126
District
Changping : ) . o
District Western Xincheng Village 025 125.00 Cooling fin = 18T 5196 1613 3583 123
istric
Pinggu ; o A
District Qiantai Village 026 123.00 Cooling fin = 18T 5763 3416 2347 123
istri
Tongzhou ) )
District Dapang Village 027 165.00 Cooling fin = 18T 7928 4757 3171 123
istric
Fangshan . , o A .
District Xiaoshisanli Village 028 124.00 Cooling fin = 18T 5537 3329 2208 123
istri
Huairou o ) )
District Xitaishang Village 029 139.00 Cooling fin = 18T 6001 3625 2376 123
istric
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(1) In the heating season of 2016, both air
energy product and geothermal energy heat
pump product can make room temperature
reach above 18 C .

(2) For geothermal energy heat pump
product, the average power consumption of
heating households each year is 29.76kwh/
m?; for air energy product, the average power
consumption of heating households each year
is 46.40kwh/m®. The power consumption of
each square meter of geothermal energy heat
pump product is averagely 35.86% less that of
air energy product in the whole heating season

(3) After being converted into standard
coal, the average coal consumption of heating
households each year of geothermal energy
heat pup product is 12.02kg/m* and that of
air energy product is 18.75kg/m” (0.404kg
standard coal/kwh as per thermal power
generation); the coal consumption of coal-fired
boiler is 29.3076MJ as per each kilogram of
standard coal; in case that the building load
is 85W/m?, after being converted into original
coal consumption of coal-fired furnace, the
average coal consumption of households each
year is about 30kg/m’. Take the 1,000,000m’
building for example, the calculation is as
shown in Table 4.

Promoting clean heating in winter of Northern
China relates to warm winter of the broad
masses of Northern China, and relates to
whether the number of hazy days can be
reduced. It is an important content of reform of
energy production and consumption and life
style of rural area.

Although the electric energy accumulation
heating product, air energy product and
geothermal energy heat pump product
can guarantee heating demand of users,
compared with geothermal energy heat pump
technology, the heating with electric energy
accumulation technology cannot achieve
energy saving and environmental protection.
The air energy heat pump technology cannot
guarantee stability and reliability of heating in
case of extreme weather.

In case of taking the renewable shallow
geothermal energy as substitute energy for
heating in Northern China, it can be guaranteed
that more than 60% of energy consumed for
heating buildings in Northern China refers to
renewable shallow geothermal energy which
is supplied stably. The geothermal energy heat
pump technology is the most energy saving
and the most reliable technology with the
highest efficiency.

Table 4 Table of Energy Saving Calculation

_ Heating Mode Energy Consumption Converted into Standard Coal Energy Saving

Coal-fired boiler 30,000t standard coal 30,000t standard coal
2 Air energy heat pump 46.40 milion kwh 18,800t standard coal 11,200t standard coal
3 Geothermal energy heat pump 29.76 milion kwh 12,000t standard coal 18,000t standard coal

Note: The power consumption of electric boiler is too high, and the energy saving amount will not be calculated.
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