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Ever Source Science and Technology Development Group Co. Ltd. (HYY Group) is the Beijing Head Office for science and
technology development owned by the China Ground Source Energy Industry Group Ltd. (HKEx: 08128, China Ground Energy)

which is subordinate to the China Energy Conservation and Environment Protection Group.
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With integrated administrative framework of Beijing and Hong Kong offices, the HYY Group is fully engaged in the R&D and market
promotion of using shallow ground source (heat) energy as the substitute energy source of heating for buildings; in industrialized
development of its original technology; to the upgrading of traditional heating industry into a new industry of integrated combustion-

free heating and cooling with ground source energy; and in pioneering ways to improve ecological construction and curb haze in China.
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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
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Our Pursue: Harmonious Coexistence of Human and Nature
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—Our Dedication: Improve comfort level of the people’s livelihood
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Our Vision: Work for greater industrialized development of the original technology for ground source energy r
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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GROUND SOURCE HEAT PUMPS
SHALL ACCOUNT FOR A GREATER
PROPORTION IN THE CLEAN
HEATING IN RURAL AREAS

——-Taking Rural Areas in Beijing Suburbs
for Example
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Ground Source
Heat Pumps Shall
Account for a
Greater Proportion
in the Clean Heating

in Rural Areas

-Taking Rural Areas
in Beijing Suburbs for
Fxrample

Author:

Su Ditang, Zhuge
Xuguang(Beijing Rural
Construction Office)

Ma Junzhe, Yan Yiping
(Professors of Beijing Vocational
College of Agriculture)

Abstract: Adopting clean heating
is in favor of reduction of haze and
improves the lifestyle in rural areas.
Due to conditions of China, the heat
pump has become main equipment for
clean heating in rural areas in the north
at present. The current heat pump for
heating mainly refers to ground source
heat pump and air source heat pump;



in which, the air source heat pump accounts
for a relatively large proportion. From
theoretical analysis and field investigation in
rural areas, it can be known that the ground
source heat pump can be installed in rural
areas of China more conveniently, and is able
to realize clean heating of a larger area on
the premise that the electric power in China is
relatively insufficient. In addition, the ground
source heat pump is characterized by lower
user running cost, higher heating guarantee
degree, more outstanding in environmental
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benefit in rural areas and better energy saving
effect. After comprehensive comparison, the
result shows that the ground source heat
pump has relatively good effect in rural areas
in the north of China, and it is required to
increase its application proportion.

Key words:

Ground source heat pump;
Clean heating; Beijing suburbs;
Comprehensive comparison

With regard to severe haze which frequently occurs in China after entering the 21st century, the
General Secretary of the Communist Party of China Central Committee Xi Jinping emphasized in 2016
that “The promotion of clean heating in winter in the north is related to warm winter of broad masses
in the north, and is related to whether the hazy days can be reduced, and it is an important content of

revolution of production and consumption of energy source and revolution of rural lifestyle” and “It is

required to use gas or electricity as appropriate based on the policies of enterprise first, governmental
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promotion and resident affordability, and utilize
clean energy source to the greatest extent,
thus accelerating the increasing of proportion of
clean heating”.

The heating in winter in the north can be
divided into urban heating and rural heating
based on region. At present, most cities mainly
refer to central heating, and the clean heating
can be realized relatively easily. However, it
is rare to adopt central heating in rural areas
for people there are relatively scattered, and
most farmers adopt self-heating with residential
coal in winter, while the scattered coal burnt for
self-heating will greatly impact the air quality.
Meanwhile, the heating via combustion of
residential coal is not safe, clean or environment-
friendly, and is troublesome but not economic.
Most farmers hope that they can adopt new
clean heating mode. In the 21st century, relevant
departments and farmers have conducted a
large number of attempts, and it can be known
from the summarized investigation result that
up to 2017, new clean heating modes in rural
areas in the north of China mainly includedirect
electric heating, energy storage electric heating,
air source heat pump heating, ground source
heat pump heating and natural gas boiler
heating.From further investigation, it can be
known that current main clean heating modes
in rural areas in China are natural gas heating
and electric heating. Due to little reserve of
natural gas in China, newly added natural gas
for heating in recent years is mainly imported.
In addition, the investment for infrastructure
construction is huge in case of introducing
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natural gas into rural areas, the construction
is difficult and the fuel price is relatively high.
Therefore, electric heating has become a main
part of clean energy heat supply in rural areas in
China in recent years.According to preliminary
estimation of relevant experts in 2016, the
electric heating had accounted for about 90%
of existing clean heating. At present, electric
heating mainly includes direct electric heating,
energy storage electric heating and heat pump
heating. Through experiments over years, the
heat pump heating has obtained recognition of
most farmers and relevant experts and become
the main mode promoted in rural areas in the
north.Heat pumps applied in current heating
mainly refer to air source heat pump and ground
source heat pump, and the air source heat
pump is dominant, while the ground source heat
pump accounts for a relatively small proportion.
Through a great deal of investigation and
theoretical analysis, we believe that the ground
source heat pump shall account for a greater
proportion in the switching from coal heating to
electric heating in rural areas in the north, and
main reasons are shown as below:

|. More Suitable Installation in Rural Areas

Ground source heat pump is a kind of

efficient, energy saving and environment
friendly equipment system which utilizes shallow
geothermal resources under the ground and can
conduct both heating and cooling. Generally, the
user can obtain the heat or cool of about 4kWh if
the ground source heat pump consumes electric



quantity of 1kwh. The ground source heat pump
appeared a century ago. It is adopted in dozens
of countries all over the world in batch at present,
a very mature technology. It can utilize various
water resources such as underground water,
river and lake water, sea water, urban reclaimed
water, industrial tail water and pit water as well as
soil source as its cool and heat source.

The geothermal collection technology
of single well circulating heat exchange is
a kind of original and advanced shallow
geothermal energy collection technology
applicable to multiple geological conditions
in China. It collects the shallow underground
heat energy with temperature lower than 25C
with circulating water as medium, and can
realize full recharging of local same layer of
underground water. It will not consume or
pollute underground water, and is safe for
underground water. Since the geothermal
energy collection technology of single well
circulating heat exchange was launched in
2000, it has been promoted and applied in all
autonomous regions and municipalities directly
under the central government in China, which
has conducted heating for buildings for more
than 8,000,000m?. In addition, the technology
can take the place of traditional standard coal
of about 72,000t with shallow geothermal
energy each year. Now, the technology has
been put into operation in demonstration
projects in foreign countries such as America.

Among existing various electric heating
modes, the ground source heat pump is a
kind of heating mode with the best energy
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saving effect and the highest energy source
efficiency. It can bring good energy saving and
emission reduction benefits in case of being
used in a large scale. Due to high efficiency
and low running cost, it is popular in extensive
consumers. However, this heating mode has
not been very applied widely at present, with
main reasons as below: it needs specific
installation conditions, there shall be a relatively
large space around the building, and there
shall be some electric power facilities. From
the application situation in various countries all
over the world, it can be known that the ground
source heat pump is applicable to both urban
and rural areas. However, the rural areas have
more advantages in spatial conditions than
urban areas no matter whether the geothermal
energy collection technology of single well
circulating heat exchange or the buried pipe
technology is adopted for buildings in rural
areas are relatively scattered. From a great deal
of investigation on rural areas, it can be known
that compared with urban areas, bungalows
and storied houses in rural areas have better
spatial conditions in installation of ground
source heat pump.

Rural residential houses in the north of
China mainly refer to independent houses with
courtyard, with long distance to each other.
During the construction, the buried pipe can be
embedded in the courtyard or the place facing
the street, and then residential houses can
take heat from the buried pipe locally, which is
convenient and efficient. Meanwhile, buildings
newly but in rural areas also can be installed
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with ground source heat pump. In recent years,
many residents in China have moved into newly
built multi-storey unit building from scattered
houses; the distance among buildings and the
greening area in rural areas are larger than
urban areas, with low floor-area ratio of building
land and favorable conditions of using single
well pumping-recharging well position.

Il. More Adaptation Current Situation

of Power System in China

China is a developing country, and its
power system has not been developed for a
long time, and is mainly used in cities at the
beginning. After the 1980s, the electric power
was gradually popularized in rural areas.
However, due to poor foundation of electric
power development, the power supply in
China was still very tension at the beginning of
the 21st century, and even most super-large
cities might be power off frequently in winter
and summer, and the power failure was more
frequent in medium and small-sized cities and
rural areas. In addition, up to 2016, the power
supply in most rural areas in China was still
insufficient, and it was still difficult in using
electric appliances with high power such as air
conditioner. For example, the electricity meters
were only 2A in most farmer households in
Beijing suburbs (including rural areas close
to suburbs) respectively, which was just
impossible to heat houses. The electric power
in rural areas in surrounding Tianjin City and
Hebei Province was not only low in power, but
was poor in guarantee degree. The insufficient
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power supply has become one of main barriers
of introducing heat pump heating into rural
areas, and the first step for development of
clean electric heating is to solve the power
supply problem.

Although in recent 10 years, the overall
situation of power supply in China has been
changed fundamentally and the power failure in
large-sized cities has been solved basically, the
overall situation of power supply capacity was
surplus all over the country and excessive in part
of regions in 2016, the power supply in many
regions is still relatively tight in peak periods of
heating in winter and cooling in summer. In North
China, the regional power supply and demand is
balanced but relatively tight in part of regions. As
a whole, the increasing of power consumption
in the future in China shows the transfer from
high energy consumption industries to emerging
industries, services and power consumption for
living of residents, and the power supply and
demand trend will become relatively loose from
original relatively tight situation. However, in a
relatively long period, the power will not be very
sufficient, and in this case, it is required to select
electric heating equipment with good effect of
electricity saving.

With regard to the North China, Beijing has
added ultra-high voltage power transmission
lines in recent years, but according to the
prediction of Power Department in 2015, the
maximum load of the whole Beijing will reach
27,500,000KW in 2020, with the average
annual growth rate of 8% during the “13thFive-
Year Plan” period. According to power balance



analysis, it is predicated that the power
shortage of the city will reach 1,000,000KW and
5,000,000KW in 2018 and 2020 respectively,
and the conflict of power supply and demand
at that time in Beijing will be very acute. If
the electric heating in rural areas of Beijing
also refers to urban electric heating mode
and the energy storage electricity heating is
popularized, the power load will be increased
by 2,000,000KW at least even if only additional
200,000 households adopt energy storage
electricity heating mode, which is a very high
pressure for power demand in Beijing in the
heating period in winter.

Expanding the proportion of electric heating
when the power capacity in China is relatively
limited and using ground source heat pump
is one of solutions. The ground source heat
pump can guarantee the heating of farmer
household with relatively large area of house
area under the same power supply conditions.
For example, if the power load of each farmer
household in Beijing is 9KW, the heating area
with direct electric heating is about 90m?, that
with energy storage electricity is about 80m?,
and that with air source heat pump is about
180m*; however, the heating area can be about
270m? in case of adopting shallow geothermal
energy. After simple calculation, it can be
known that for 1,000KW power supply capacity,
10,000m? farmer households can be heated in
case of adopting electric heating, 20,000m’ in
case of adopting air source heat pump, while
30,000m” in case of adopting ground source
heat pump. Therefore, using ground source
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heat pump can promote the switching from coal
to clean energy in a wider range under existing
power supply conditions in China.

At present, the power capacity in rural
areas in China is insufficient; and the power
capacity increasing is not very easy. Besides
a great deal of input in power transmission
lines, the installation quantity and difficulty
of transformers are also high. From our
field investigation, it can be known that the
homestead area of each farmer household in
rural areas in China is small due to reasons in
various aspects, but the population is large with
centralized residence, and each village covers
a large land area. Therefore, it is necessary to
increase many power transmission facilities
in case of adopting electric heating. In part of
rural areas, due to little open space, it is highly
difficult to install newly added transformers. In
our investigation, we have found that there are
even collected waste objects below the newly
installed transformers in rural areas, which will
bring safety hazards. In some rural areas, the
work quantity of coordination for transformer
installation is heavy, which also impacts the
progress of heat supply reconstruction to some
extent and increases input of governmental
and power departments. Compared with other
heating modes, the quantity of transformers to
be newly added for ground source heat pump
is less, and the work quantity of power system
reconstruction is less, too.

lll. In Favor of Creating Better Rural

Environment
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From our clean heating investigation in rural
areas in recent three years, the clean heat supply
system creates better rural environment, it also
becomes a facility popular among farmers,
mainly reflected in the following three aspects:

The first one is that pollution is reduced, and
the atmospheric environment is purified. For
example, as shown in statistical data, in the
1990s, the coal accounted for nearly 90% in the
energy consumption structure in most regions
in North China, and that time was also a period
when the atmospheric pollution was relatively
serious. To eliminate air pollution, Beijing has
made great efforts to reduce combustion of coal
constantly and to promote clean energy since
the beginning of the 21stcentury.Up to 2016,
the work of “coal reduction and replacement”
in rural areas had been conducted for 90%,
covering most rural areas in Beijing suburbs.
Due to reduction of coal amount and promotion
of excellent coal, the sulfur dioxide content
in air in Beijing was reduced obviously, and
the monitoring result from Beijing Municipal
Environmental Monitoring Center showed that
the average annual concentration of sulfur
dioxide in the City in 2000 was about 70ug/m?®,
and then the concentration was declined with
the achievement of coal reduction. Especially
since 2007, the decline was more obvious,
and the average annual concentration in 2008
was smaller than 40ug/m® for the first time.
In 2015, the average annual concentration of
sulfur dioxide in Beijing broke through a new
low record: 13.5ug/m®, reduced by 38.1% than
2014, and the concentration of sulfur dioxide
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was equivalent to coastal cities in the south
where there was no heating. Meanwhile, the
average PM2.5 concentration in the whole
city in 2015 was 80.6ug/m®, reduced by 6.2%
year on year. In 2016, the concentration of
main pollutants in the atmosphere of Beijing
showed overall decline trend. Compared with
2015, various pollutants were reduced year on
year, and the average annual concentrations of
SO,, NO,, PM10 and PM2.5 were reduced by
28.6%, 4.0%, 9.8% and 9.9% respectively year
on year. Due to increasing of promotion force
of clean heating, in the Spring Festival in 2017,
the air quality in Beijing was the best in recent
three years.

For the force of switching coal to clean
energy in Beijing was obviously larger than that
in other cities, according to air quality situations
of transfer channel of atmospheric pollution
“2+26 cities” in Beijing-Tianjin-Hebei region in
March and the first quarter of 2017 announced
by the Ministry of Environmental Protection, the
environmental air quality of Beijing was No. 1 in
the comprehensive index ranking.

Second, the rural environment is improved,
and the livable degree is enhanced. The coal
combustion will pollute the atmosphere, and
the region where the polluting energy is to
beimpacted firstly. There will be stable weather
in winter in the north of China frequently; the
atmospheric pressure will be low in several
days, cloudy, no wind, with very low air flowing.
Under this kind of climatic conditions, the flue
gas of low-altitude emission will gather around
the chimney, and at this time, the air in the



community where each household is burning
coal stove and small boiler will be very poor. In
case of severity, people cannot stay outside,
and cannot even stay at home where the coal is
burning. Walking in the village, one will smell the
pungentburning coal.

During the investigation in rural areas in the
north at the beginning of the 21st century, the
author saw that in regions where residential
houses adopted coal stove and small boiler
in a dense way, the pollution was very severe
ifthey adopted bituminous coal. People there
could not see the sun even at 9:00 A.M. if there
was no wind. Walking out of the residential
houses, it was found that there was a layer
of flue gas in the position at the height of a
person, and people would cough under this
kind of conditions usually, and the respiratory
disease was very frequently seen there. From
the place farther away from the residential
houses, it was found there was so much flue
gas around and above residential houses
that the village appearance could not be seen
clearly. Although there were not many still
days, the air quality as well as quality of life and
physical health of people in the residential area
were greatly impacted. After 2013, most rural
areas in the north of China basically adopted
gas and electricity for cooking, promoted clean
coal and anthracite for heating, and then the air
quality was improved to some extent, but was
not changed fundamentally. Especially at dusk,
each farmer household needed adding coal
into small heating boiler to bank up fire, the air
in the village was still full of flue gas obviously

NG}
CURRENT FOCUS

though the coal was top grade.

Adopting clean energy, especially
canceling coal-fired heating, makes the
residential environment in rural areas change
fundamentally. People have a healthy and
clean living environment, and smoke in the
village is also eliminated basically. For it is
not necessary to store coal or firewood, the
hygienic conditions in rural areas are also
improved to some extent. The environment in
the house becomes clean, and the respiratory
disease patients are reduced accordingly. In
addition, the waste quantity is reduced.

Third, the rural life style is changed, and
the quality of life of farmers is improved. The
environment in the village and in the room was
poor when coal was adopted. The household
in which the boiler was adopted was better,
but it was necessary to transport coal, pour
coal, make a fire, clear away stove ash and
pour stove ash in winter, all of which would
generate flying dust. Therefore, many families
prepared working clothes for coal adding
and ash removal, for they needed changing
clothes to add coal for several times each day,
and it was difficult for them to wear clean and
tidy clothes. For it was dirty and troublesome,
anyone in the family would not like to conduct
coal combustion. The environment would be
worse when the coal stove was adopted for
heating. Besides preventing carbon monoxide
poisoning, it was necessary to clear away dust
in the room frequently. For the aged suffering
from respiratory disease, it was hard in winter.
In addition, in a winter, the coal consumption
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of one family was 2-5t generally, and it was not
difficult for young adults to sort and transport the
coal, but for the aged above 70 years old, it was
a heavy job. At present, most young adults are
working in the city, and the people left in rural
areas mainly refer to the aged and women, so
the work guantity of coal combustion is a serious
matter for most families in rural areas.

Rural families summarize five problems of
heating via coal combustion. The first one is
that there is severe safety hazard in heating
with coal, and there may be occurrence of gas
poisoning; the second is that it is difficult for
the aged to make a fire for heating. In case
of heating with coal, it is required to bank up
fire at night, and then the room temperature
will be relatively low and cannot meet the
demand of defending against the cold; the
third is that heating via coal combustion will
generate a great deal of stove ash and rubbish,
thus causing disorder stacking and placing
of rubbish; in addition, streets in villages are
narrow, so it will be very difficult to clear away
the rubbish; sometimes, the rubbish may be
ignited, thus aggravating the air pollution.
The fourth is that the coal combustion causes
much smoke in village, which is obvious in still
days, thus causing respiratory disease easily.
Moreover, the heating via coal combustion and
making a fire needs going up the mountains to
cut firewood, thus causing severe damage to
vegetation and forest on the mountains.

From our investigation, it can be known that
most farmers welcomed the work of switching
coal to clean energy, and they believed that
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this is one of important measures to improve
their quality of life. Many investigated people
reflected that they would like to use clean
energy for heating even if the annual running
cost of household heating is higher than that of
coal combustion by more than RMB 1,000 due
to less worry, and some families had changed
their heating modes several years ago.

Although the heating of switching coal to
electricity can make the rural environment
change fundamentally, compared with other
modes, the ground source heat pump has
smaller impact on rural environment. With
regard to the direct electric heating, it is
necessary to add more transformers due to its
high energy consumption; in addition, there are
some hazards, and the heating area is relatively
insufficient. The air source heat pump can
reduce the installation of transformer to some
extent, but numerous outdoor units release hot
air in summer and cold air in winter, and some
enterprisesdirectlyinstalltheir outdoor units on
both sides of rural streets, thus making farmers
feel inconvenient. In our investigation, some
farmers also reflected the problem. However,
the impact of ground source heat pump on
environmental temperature is under the ground,
and people will not feel it basically; meanwhile,
the quantity of newly added transformers is
less, so its impact on rural environment is
smaller compared with other modes.

IV. More in Favor of Reduction of

Heating Cost

Since the reform and opening up, especially



the implementation of construction of new
socialist countryside, the income of farmers in
China has been growing increasingly, with their
quality of life enhanced constantly. However,
China is a developing country, and the level of
income per capita is much lower than that of
developed countries, and the expenditure on
necessities is also obviously higher than that
of developed countries.Even if in regions in
Beijing suburbs where the income per capita
of farmers is relatively high, the proportion of
heating cost is relatively high. From the data,
it can be known that the heating expenditure
in developed countries accounts for less than
2% to their income generally at present. For
example, in 2010, the proportion of heating cost
in winter of middle-income families in America
to their family incomes was as below: 1.3% in
case of adopting natural gas for heating and
1.7% in case of adopting electric power for
heating.However, according to our investigation,
the proportion of heating expenditure in winter
of a farmer family in Beijing suburbs to the
annual income was about 3-6%, and the
proportion was higher in low-income families.
Therefore, the heating cost is a high pressure
for farmers. In addition, from the investigation,
we also can know that the largest barrier for
farmers to adopt clean energy for heating is
the using cost. However, it is possible to not to
increase economic burden to farmers in case
of promoting ground source heat pump in rural
areas as long as both design and construction
are meticulous.

From the perspective of installation cost of
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equipment, since the reform and opening up, the
equipment installation cost for residential houses
of farmers in Beijing suburbs shows a constant
increasing trend. The main reason is that most
farmer residential houses have been provided
with functions of heating, cooling and supply of
domestic hot water with the enhancement of
income and quality of life of farmers in Beijing
suburbs. In 2014, the quantity of air conditioners
purchased every 100 farmer families exceeded
127; with regard to water heater, the quantity
exceeded 97. In the future, the residential
houses of farmers in Beijing suburbs will be the
same as those in urban regions, and each of
them will be provided with air conditioner and
water heater besides heating appliance. The
equipment input of ground source heat pump is
equivalent to the sum of three items of input of
general buildings, i.e. traditional heating, cooling
and domestic hot water. For new buildings, the
input of farmer households for buildings will not
be increased as a whole.

More than 60% of consumed energy refers
to renewable energy source when the ground
source heat pump is heating. In case of
calculating the electricity price as per the price
for civil use as ruled by National Development
and Reform Commission, compared with coal
combustion, the running cost of heating with
ground source heat pump will be equivalent to
the small boiler using the coal of RMB 650/1.
In case of calculating as per RMB 2.28/m°, the
existing natural gas price in Beijing, the running
cost of adopting ground source heat pump for
heating will be lower by about 50% than that
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of natural gas combustion; it will be 33% of
running cost of directly electric heating and will
be lower than 30% above than that of adopting
air source heat pump. The ground source heat
pump is low in heating cost; its cooling cost is
also about 20% lower by that of air conditioner
for it adopts shallow geothermal energy for
cooling. The cost of supply of domestic hot
water is 35% of direct heating type electric
water heater. Farmers can reduce energy
expenditure for their life to some extent in case
of using ground source heat pump.

Besides lower using cost, the guarantee
degree of heating with ground source heat
pump is higher. The main reason is that the
environmental air temperature during the
utilization of air source heat pump is changed
greatly, and the equipment efficiency will
decline with the reduction of temperature. In
cloudy days, par to air source heat pumps
need frequent defrosting, thus reducing the
heat supply capacity in the freezing period.
For example, the heating capacity of a general
3HP air source heat pump may be reduced
by 21.7% and 47.0% respectively at the
outdoor temperatures of -7 C and -20 C , while
this problem does not exist in case of using
ground source heat pump.Some farmers also
ever reflected the problem. For example, in
2015, several days in winter in Beijing were
at extremely low temperature due to cold
wave, and individual farmer households
among several villages investigated by us
reflected that the energy consumption of air
source heat pump in those days were very
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high, the heating effect was poor and indoor
temperature was reduced. For heat source of
ground source heat pump comes from shallow
underground and is very stable, there will be
not great change in temperature of heat pump
source no matter in cold winter or hot summer.
The ground source heat pump is relatively
stable in heating efficiency, and then the
indoor temperature; in addition, its cooling is
more energy savingl. From the perspective of
characteristics of equipment itself, the ground
source heat pump is more suitable for users
who need stable heating.

V. More in Favor of Emission

Reduction of Greenhouse Gases

Greenhouse gases refer to some gases in
the atmosphere which may absorb the solar
radiation reflected by the ground and re-emit
radiation, such as water vapor, carbon dioxide
and most refrigerants. Their function is to make
the earth surface warmer, similar to greenhouse
intercepting solar radiation to heat air in the
greenhouse. The influence of the greenhouse
gases making the earth warmer is called
“greenhouse effect”. The water vapor (H,0),
carbon dioxide (CO,), Nitrous Oxide (N,O),
Freon and methane are main greenhouse
gases in the atmosphere on the earth.

In recent 20 years, due to the using of a great
deal of mineral fuel and increasing of greenhouse
gases, the temperature on the earth is rising
constantly and meteorological disasters are also
increased greatly, thus being emphasized by all
countries all over the world. Chinese Government



has paid much attention to this and adopted
measures to deal with the climate change. In
2007, Chinese Government issued the National
Program on Coping with Climate Change,
the first national level program for coping with
climate change. In 2015, Xi Jinping emphasized
at the Climate Conference in Paris that China
was always an active participant of the cause of
coping with global climate change. As the Capital
of China, Beijing should take the lead to reduce
emission of greenhouse gases in China, and
should contribute to reduction of greenhouse
gases and relieving global climate change in
China and all over the world, and rural areas in
Beijing suburbs also should make every effort to
realize the goal.

Promoting ground source heat pump can
obviously reduce emission of greenhouse
gases. Through calculation, it can be known
that the coal-fired boiler may utilize about 60%
of coal heat. A house of 100m* needs using
3t coal in a heating season. However, for the
same heat supply amount, the air source heat
pump needs electricity of 5,320kWh (calculated
as per COP value of 2), and it is required to
burn nearly 2t coal to generate the electricity
(calculated as per 360g standard coal per
kwh). The ground source heat pump only
needs 3,488kWh electric power (calculated as
per COP value of 3), and it is required to burn
1.4t coal to generate the electricity. In other
words, under the same room temperature in
winter, greenhouse gases emitted by ground
source heat pump is only 50% of that emitted
by coal-fired boiler; compared with air source
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heat pump, it also can reduce about 30% of
emission of greenhouse gases. According to
United States Environmental Protection Agency
(EPA), it is estimated that installing a set of
90KW air conditioner of ground source heat
pump is equivalent to reducing emission of
greenhouse gases of 12 vehicles and planting
6,000m* trees. The power of ground source
heat pump installed in a farmer household of
100m? in Beijing is about 10kw, equivalent to
reducing emission of greenhouse gases of 1.5
vehicles and planting trees of 1mu. If 100,000
farmer households install ground source heat
pump, the effect of emission of greenhouse
gases will be considerable.

At present, the rural areas in Beijing suburbs
are under the switching from coal to clean
energy, including part of ground source heat
pumps. Beijing Municipal Government gives
preferential policies to promotion of ground
source heat pump, and has passed Beijing
local standard of single well pumping and
recharging technology. We believe that through
a great deal of practice of using in a whole
village, expanding propaganda and experience
of model households, more and more villages
and farmer households will realize advantages
of ground source heat pump, recognize and
install ground source heat pump, thus changing
the appearance of rural areas during the
energy saving, emission reduction and heating
expenditure reduction, making qualityof life
of farmers enhanced, reducing emission of
greenhouse gases, and improving the overall
environmental quality of China.
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METHOD FOR HAZE CONTROL
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Hydro-geological Expert and Senior
Counselor of the State Council
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Introduction to Clean Heating Engineering

Cases of Ever Source Science & Technology
Development Group Co., Ltd.

Ever Source Science & Technology
Development Group Co., Ltd. (here in after
referred to as HYY) always adheres to the
industrial development with original “single-
well heat exchange technology”, makes the
design ability and scope of application of
using renewable shallow ground source
energy as alternative energy source for
building heating in a clean and smart way in
the north stronger and wider, and matches
with various suitable heat pump products
according to different regions divided in the
climate zoning map of buildings in China
and the grade of shallow ground source
energy. If the temperature is suitable, the
Group will guarantee the temperature ruled in
national heating standard under the severest
climatic conditions. At present, the new mode
integrating dispersed ground source station
for cooling/heating, ground energy heat pump
environment system, ground source heating
devices system and renewable the heating
devices system combining air energy and
geothermal energy has butted traditional energy
heating mode, thus achieving the purpose that
buildings with total energy consumption above
60% shall utilize renewable energy.

I. HYY dispersed ground source station
for cooling/heating (urban thermodynamic
heating mode)

The “HYY50-900MW dispersed ground
source station for cooling/heating” equivalent
to urban thermodynamics is characterized
by fully embodying the concept that distributed
and ecological type energy resources are
utilized by leveling as per grade. It is necessary
to put the regional heating energy plan in
the first place, and construct corresponding
geothermal energy collection stations and
heat pump stations according to plan
and the building construction progress,
thus supplying heat to buildings without
combustion and in a smart way.

The “HYY900MW dispersed ground source
station for cooling/heating” at Xiaoyao Bay
International Business District in Jinpu New Area
of Dalian City consists of 216 collection and
heat exchange stations of renewable shallow
ground source energy and 216 heat pump
stations, and the cooling and heating source
stations are constructed matched with the
construction progress of buildings as planned,
thus guaranteeing clean and smart heating to
buildings.
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Engineering Cases of HYY Dispersed Ground Source Station For Cooling/Heating

900MW Dispersed Ground Source Station For Cooling/Heating
at Xiaoyao Bay International Business District in Jinzhou New District of Dalian City

Project Overview

Name ot V”lage

900MW Dispersed Ground Source Station For Cooling/Heating at Xiaoyao Bay Intemational Business

1 Name o L ' '
District in Jinzhou New District of Dalian City
2 Address Xiaoyao Bay Intemational Business District, Jinzhou New District, Dalian City
3 Planning area 20.6km?
4 Construction land 13km’
5 Total building scale 15 milion m?
Residential and . ) ) .
6 ) Residential population: 145000; employed population: 300,000
employed population

Construction cycle Reaching standard output in 5-10 years

8 Operation mode Franchising of geothermal energy heating

II. HYY ground energy heat pump environment
system (central heating mode)

The “HYY ground energy heat pump
environment system” equivalent to the traditional
central heating saving energy during the using is a
kind of central heating system uitilizing renewable
shallow ground source energy to heat buildings in
a clean and smart way without combustion. As the
alternative energy source for building heating, the

68

shallow ground source energy has no combustion
or emission in its using region, and then heating
energy sources can be used by leveling as per
grade and temperature can be matched suitably,
the most reasonable utilization in the new era.

The central heating is characterized by
reducing using cost via smart control based on
the system operation guarantee and energy
consumption.
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System Schematic Diagram
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Office Building of All China Federation of Industry and
Commerce: 50,000m*

Hong Kong & Macau Center of China National School of
Administration: 43,365m’
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Building area of Shanxi Academy of Agricultural
Sciences: 143,105m”
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Building Area of Beijing Haidian Foreign Language
Experiment School: 92,632m?

69



SLRZEA
PROJECT SHOWCASE

Pool Water Area of National Center for the Performing
Arts: 35,000m’

1. HYY geothermal heat
treasure system (self-heating
mode)

“Heating devices”: a special
kind of ground energy heat
pump equipment providing
heating and cooling energy with
domestic hot water optional.

The “ground source heating
devices” system takes shallow
ground source energy as
alternative energy for heating.
The system design conforms
to and inherits Chinese tradition
of frugality i.e. “saving energy
during the using”, with each
room provided with heat
treasure equipment and energy
metered respectively. It is a kind
of efficient self-heating system
by taking electricity to replace
coal.

Ground source heating
devices system is characterized
by small equipment power,

70

Building of College of Environmental Sciences and
Engineering

being provided in each room, key guarantee, independent metering,
no freezing even if it is not in the working status, and saving energy
and money for the user. The system can be copied simply, with
convenient operation, in favor of differential using under behavior
energy saving, meeting individual demands of customers, especially
extensive rural households to the greatest extent.

According to collection technological modes, ground source heating
devices system can be divided into: buried pipeline geothermal energy
heat treasure system (collecting shallow ground source energy in a
distributed way) and ground source heating devices system of single-
well heat exchange (collecting shallow ground source energy in a
centralized, safe, efficient and saving way).

1. Schematic Diagram of HYY (Buried Pipeline) Ground Source
Heating Devices System

- mE- | mA= | Em || ©D%@
AR ;_ [ i :__Lékﬁm‘ ::
& s ) B
o i "—ﬁ | JMM i
\g
5w§ $h B 4 2 73 8D 5 R 45
LI

.

Two-room (Buried Pipeline) System of ground source heating devices
(Supplying Cold Water, Hot Warm Water and Domestic Hot Water)
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Engineering Cases

Xizha Village, Shangzhuang Town, Beijing: in the whole Lijiafen Village, Shangzhuang Town, Beijing: in the whole
village, the efficient electricity was adopted to replace village, the efficient electricity was adopted to replace
coal, with the heating devices used in each room and coal, with the heating devices used in each room and

metered based on household. metered based on household.

2. Ground Source Heating Devices System of Single-well Heat Exchange Technology

Schematic diagram of Ground Source
Heating Devices System of Single-well
Heat Exchange
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Engineering Cases

Longquanwu Village, Longquan Town, Beijing: 1,476 Yihebao Village, Cunrui Town, Huailai County,
households of the whole village were reconstructed, with the Zhangijiakou City, Hebei Province: 265 households of
heating devices used in each room and metered based on the whole village were reconstructed, with the heating
household. devices used in each room and metered based on
household.

3. HYY heating devices system combining renewable air energy and geothermal energy (self-
heating mode)

The heating devices system combining renewable air energy and geothermal energy is a kind of heating
system applicable to villagers in mountainous area, which mainly takes shallow ground source energy as
the alternative energy source for heating and takes air energy as supplementary energy for heating (heating
devices system combining renewable air energy and geothermal energy); the geothermal energy may
guarantee the basic temperature when key rooms are under the severest climatic conditions, and the air
energy will make sure that the vacant room can be used at any time.

The system possesses the following characteristics: reduction of investment and using cost, convenient
and applicable using, continuous renewable air energy, equivalent grade and suitable temperature of shall
geothermal energy utilization, and efficient utilization.
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Five-room System of Heating Devices Combining Renewable Air Energy and Geothermal Energy
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4. HYY system of ground source heating devices boiler (butting traditional self-heating mode)

The ground source heating devices boiler inherits core science and technology of heat pump, taking
the consumption of a small part of electric energy as compensation, extracts energy from shallow ground
source energy via heat thermodynamic cycle, and transmits the energy to condenser via compressor,
releases the energy to the radiant floor heating or heating radiator at the terminal. Not restricted by
environmental temperature, and able to supply heat efficiently under cold and chilly climatic conditions, it is
a new type of efficient, energy saving, environment-friendly and comfortable heat supply product.

System Schematic Diagram

woAkkE '—| SR woAoKmE
ok B

g
WHR H H EHE
B | .

e | @ HEERE

FHPEHL SREPEH, L S
i BR= |
L2 = ™. _—
. & e

A. Radiant Floor Heating B. Radiator Heating

73




BEVRRI
KNOWLEDGE SHARING

e SH KRR R

FRBUAK A Gk

APPLICATION STATUS OF KEY NEW
TECHNOLOGIES FOR SHALE GAS
DEVELOPMENT AND CHALLENGES

8 E. e, A55 (AEARAFARIES)

“+=7" #ig, ERESNREEREE
2020 S 8535 300 123275 K. J9ltt, DA
B NEFBEI R . BARLEIFH AR
EARKMENFRRERTENE, RIRTEZKT
A, EFE ZEW TN EFpHIRER
XEHKE =R HERESRKENEZEER.
RIEEMTN, KERSBERESIXRERE
£8.8 BiZirmxk, WNZMEFXERN 4.0
BEFZFRK AIRRFEN 4.5 BILT5K, &
BT ER, RESRRAFHAEIE. 3500 KLIR
BRI A KBRS E /M. AL X
RFESZEMRERERE SR XA IR
AIPORHbbL o

1 RESHEXERAR
RESHREBAREG KL EHKAY
B, KEfpaREanmeE « EEX, B
BEBES, EERESHEBRKILIRES.
BRESMEERZERRE, AREERK, £F
KiSIEPRELUSIT R BRHHEEENA
ERFIETEE. ERESERT R EMIVK
HRPIFSFEEL, KEHRATEREAZE

74

BRI

1.1 “BHI)” BAR

111 FARNA

RESFEEDTEHF. KEH. 93ZFH.
MKH. “HIT” ARNRERE. B, =8
HEWES. a5k, IEXRER5HER,
EEREARNHBFASSIRE ‘1]
AR, EEAMERAREE “HIT 7 BARE
BATF Fayettevile REaS & . EILEBXNE
SHELRNEREBXHARER, “HIT 7 #HF
RAREGRDAE . IRSHETFERIEE. #
R AFIRSMRERERBESES NS, ‘H
T $HAZHEAREER—BXEFHEKX
HABIFH, FRAERECNESSRS, U4
PR R KRG E A TEH . THE—
SR AEAET . BITEF D & SIS
1 WML BB HR A DY HER T, SRA B
A H . EFEL ORKEL  RRES  fi—E1E.
miEEs” B, BEEHtEN. MR e,
Bt M AR,

1.1.2 RZABIMA

B 2012 F£Lk, FEAR. FEAWK “H



T BARNLERSIRREE T — &Mk, T/
BRSHA 53 XREEIT - KTFREaS X
SHITT “HIT 7 SHEAREXNLREA.
2014 & ,jEEIX 12 MEFFEENET ‘HIT
HHEA, HPFE2 ME (JY30. JY28) 2Rk
TEBHEH I, GaERIEXKAREITEKRHF
SEZMXSELIRSEE, MBT L “H
T AR RS T RIFHIRIR

1.2 EREAR

RESHFENMIBEREFZOFEAR, 12
SRESBHTE, BNETAKER, LUWE
TEINMREFFSRANM A . TR, IRRME
EREFEARERERKBEANTE R, HTFRES
FRBREEXRMRIRE, RasKERERY
SRHAIEK D ERLIE, FEURIERESHE
FEFE. WBERFEARLUEKER. EEEH.
BEEHFKDEREERNE., XEARZLIE
IKHERER, RECAIFIFISIER, AKEEX,
BRRESINEREEFREREKTREEZRE
BRANME. KNEHRZE—NREATLE, FTENE
ARG, B—EREAELH
ERAENEE, ARasFediEd, AEEE
T EREARGEER.

2 FIERER b k%

HEl, RESFAAREER—RIIINEG
i, BT IESHESITEREERE, BER
EAEE ‘EFiHAKT MikinE. A, e
SHEMAREFERZEE, —2HERES
HFRIELTAIEFRELMER, BTRER
ESHREARS], RESTASEENESR
B2, ERREARFEIMIELERK. —2BE
fEEEEIERAVIE, WERENRERINR, WIEE
NEZ, MERRABERES, MAHEEZIEN,
= RBEAREAMAR “HI" HAFRER,

RERRIE
KNOWLEDGE SHARING

thiRE HSE BEARRERRTIARE, BXISE
RESERFRRITHIE IS E—ERS. Y
BEFRIEFZNBRIKDERSIENKE
RIKRIRERE, EXREHEKAS R IEEYE,
HAemrREtsrE. Bal, REERIE
RABRERI, RREH. ESIHIERKZA
LU Z BROB I MERESHAERE
FEIRAIFRE

3 Fie BRI

3.1 45ig

1) “HI]” BEAREERIEXRES LT
KRYRRIF . 2 ANEE SEiRL, o KKYE
et TEER, FRRAAFNR, N T 1
FONZA

2) BEEEEARSENER. EEFZ. @
TERMNBESZERARITULE DRI,
RTEZRARODRA, BNEETEREER, S
FEIRBTPEE.

3) FEERITACIEIERLE, B
BHr, EERSHESREES, BAKENKE
BREZ. MESHR. ABERRSzHEE. £
ECRRUSER SN S E ]

3.2 @i

1) BEERIRINER, B RaSHAN
WBXIRE, HERBXNERRES ‘F1] 7 %
REE, FEZBNIIEATIERITE, Fm—
MU SHARERSHRER, #HTliefFrx.

2) ‘“HI]7 BARFEPEHBRARNOEE
FREFRXIGEERRKESHE, BIEKE
KB RBFEUNEERSHRFOR, 195RAE
AENAIMRIHEREARRE o NE,

3) ERSEERTEL . RETREEND
A, T TEEREEER . FHEEXRNAR ST,
ER—ERNERTZ., Tida (IRoma)

75




L e ;=t=\;?;

= b&%
TO INFORM THE
READER

(PEibEE IRAPERELIRIEES , LR DREIMREHS LR )
AN AT WERSMDRIREERT, THEERAFAIT, BUENBT.
NN IR ERNBUS HIERERECRIRMSE RN, NibgeFRE IR
WEEFE ; MRItE . RREMHIRZE ; #XEEFBER, F
RN FESEA o

LR TN SHNESEFEME, N 2017 Fie, (HERibseE)
BesnZ=T), UeHfERasRMESAISEER .. BIISHRERTIE
EHUHE, AOBNDEET]. 2X8En, MHsS. TR, RS
FRIAMETERPEAREII—MERNRE, HIHAE (PEHEE) X
ANV INRIERTIREIS NI S X —XER A B Z FD o

YEKE, ERIE, mRADEFH, £EEPRE. BEITILEE,
HIT—BEBE TURERFEN RIZERINESIT, EIELFIINE
DR . ARBIFERBAIRNENR, AFKRISIFEINIAIENS . LRI
FHHE, EN—FEHEITIE (FEMEE) AIEFRX.

(PEIbEE ) dmEEaD
BISKRIEBREREAN 5

A& - 010-62599774
MR : journal@cgsenergy.com.cn

76

¥ & e §%

CHINA GROUND SOURCE ENERGY



BeiETh - HbRE

P m

(3R (lg) et i =

KJ_E;%I:
SRS ﬂ!z,i

b EERDE W
BHIMRETA AT
AN ElE e ]
EHERAT (SBET )
= 8128, BHRFEHEE ) 19
2EFNE - BEERL (j:
% ) BIRATHEERS , B9
WA SAAGE . \TEEF@
EESSEARATEREE, L
R SNSRI E S, LIRS
SoWERS  FEREBIRENES.
mﬁﬁ PGS ST B IRE T .

ltbdik: Ki& - REEHILESEKEEREK
MBi&: 0411-8512 9000
f€5: 0400-8512 8377-101

P EEMEIRE

19 2.34 HETTK, FFRIZE 4127T.

FAPERFRIFAFR. PERRSARSEHE

BIRATLAIAREAIIMRRTKUEIRLT , LUK

MWESREZRATMAAE , LUtk (GER ) 2K,

7K. BOK=MuKRYESN RN, BIERERE. SRk

EERKIHREIIIEE RGN R FHIEEREIR
BRSR L.

> EERERIEESBIR(66E ) BEERE 2378/ E, KNRWE 44 ,SPAS
8], ATLURESIN. BNRESR ; BEAAZY LEIRKIRNE , ZAikit. ZEINER
LR RIS , mEE P ERINAEREK.

H=]




i&/@ém'i RABARASK, RFR, BEA/

PHETHBEERS — AT AR, BRIRMNARERERATSIIKII=EERATDERMIL T &
RIEERAERABRAT . AEUEBHATHAS0, T TR EEmiIFFRMSMEZ A=
RENr-mER, I MRERMR S U ABERME B, HEANTERENEENEF R,

AR ¢ (RS
ORI, (S

REIEGR,
EkA IR S AR EE

J .

1. fbgeA (19 ) IRIAIN 6. ithaEik (1) B

2. fhgeiA (19) MEM 7. thREARPUKER (EERK )
3.1tEeA (1) A 8. ihREHRIEA

4.t (19) BB 9. MhREARSER

5. ithgEA (i) BMIL

ZwiGltsERAERARABIRAE

otk PO ERAM S SR M M 20 S

BXZEIE : 010-62592341 400-666-6168 < i B i
€5 : 010-62593653 Gl 7 - » AR — 4

A RRCHUBLIE B
SHEEETN

EBHB - dnrb@hyy.com.cn SREVE £ it AERNIR





