i
;:75717{? l-;fl‘] e 4%

=il CHINA GROUND SOURCE ENERGY

“ERE(HRE BERF I AR BEESTT
RYSCEE SR AR EE SR LR “igeea” hniE

AREDN: ZREERIAIRA R bl FHHTAOH TEIICRE 11-13 58 B AR¥K 1070 #2050



FEIE

& FHE 81 28.*




et R g2 g

Perpetual Heat from Shallow Ground Energy

REF Bl

MR
Unfailing Warmth with Cyclic Utilization




BRI REREDSIRAE

7 EVER SOURCE SCIENCE &TECHNOLOGY DEVELOPMENT GROUP CO.LTD.

R BRHBELELEARREE] (H%EBRARLED ), AYD S RAGRLALAATOY DR/ 24
G S ﬂ(%%iﬁ%SM&HK NP @n) Ad o8& LA EH,

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

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

free heating and cooling with ground source energy; and in pioneering ways to improve ecological construction and curb haze in China.
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—Our Mission: Pragmatism and Innovation
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Our Pursue: Harmonious Coexistence of Human and Nature
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Our Dedication: Improve comfort level of the people’s livelihood
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Our Vision: Work for greater industrialized development of the original technology for ground source energy
collection, while promoting the use of shallow ground energy as the substitute energy of heating for buildings;
furthering scientific utilization of energies by grades; propelling combustion-free intelligent heating (cooling) for
buildings with ground source energy; and forcefully boosting the new industry of integrated heating and cooling with
ground source energy.
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Practices and
Understandings of

"Smart Heating'

Author: Xu Shengheng(EVER
SOURCE SCINECE & TECHNOLOGY
DEVELOPMENT GROUP CO., LTD.)

Eleven ministries of China have approved
and issued: the document (F. G. G. H. [2015]
No. 2665), putting forward Smart Heating
tasks of “promoting single-well heat exchange
circulation for ground source energy collection
technology to realize combustion-free Smart
Heating for buildings, vigorously developing
the emerging industries of integrated heating
and cooling system with ground source
energy, effectively increasing the proportion of
renewable energy sources, solving pollution
problem caused by combustion for heating,
and improving living quality of urban and rural
residents.”

I'd like to briefly talk about my
understandings of “Smart Heating” based on
my practices in it.

The Smart Heating refers to: By
combining China’s original HYY Single-
Well Heat Exchange Circulation for Ground
Source Energy Collection Technology with
international environment-friendly ground
source energy collection technologies, shallow
ground source energy collection which is safe,
efficiently and economical and saves space
can be realized under different geological
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conditions. The collected shallow
ground source energy with low-grade
heat below 25°C can be enhanced to
the required temperature for buildings
heating (nationally regulated regions)
with zero combustion and zero
emission through mature heat pump
system.

The Smart Heating is a kind of
ecological heating with renewable
energy sources and belongs to
technological innovation of system
application in the new era.

|. Features of Smart Heating

1. The Smart Heating system
can be designed easily and has
wide applicability. It is favorable
for realizing Smart Heating for
buildings with zero combustion and
zero emission through large-scale
utilization of shallow ground source
energy.

2. The Smart Heating can realize
multiple stabilization functions in
the same system. It has heating,
cooling, and optional domestic
hot water functions, which belong
to characteristics of the Smart
Heating (cooling) system. Under the
precondition of not increasing extra
building cost, the nation’s requirement
(national regulation) for the most
basic temperature indoors under the
harshest climate in heating areas is

10

satisfied and ecological environment outdoors is also
protected well; people’s quality of life gets improved,;
all these will promote the upgrading of traditional
combustion for heating industry and accelerate the
development of the emerging industrial of integrated
heating and cooling system with ground source energy
in the new era.

As the shallow ground source energy collection and
energy grade enhancement technology have taken
the lead in the world, multiple adaptabilities can be
provided for buildings heating/cooling (and hot water),
and the costs are low for development and utilization,
which can meet people’s demands for heating (cooling)
and effectively protect ecological environment with
easy operation and good effects. Therefore the
Smart Heating belongs to technological innovation for
buildings heating in the new era.

Il. Advantages of Smart Heating

1. The Smart Heating enables shallow ground
source energy to become a renewable energy
source as an alternative energy source for heating

Grading and scientific utilization of energy sources
based on grade have been further perfected in the
Smart Heating. By using the mature heat pump
for transporting low-grade heat below 25°C , room
temperature adjustment at 16-26 °C can be ensured
(renewable energy consumption accounts for over
60% of total energy consumption for heating). It is
totally possible to abandon traditional heating methods
of combustion coal, oil and gas at high temperature.

2. The Smart Heating greatly enhances utilization
ratio of electricity energy

The utilization ratio of electricity energy based
on the Smart Heating can reach over 300%. One



portion of the paid electricity energy is equivalent to
the shallow ground source energy of three portions
without payment. Heating for buildings is equivalent to
over three portions that can be directly converted from
electrical energy. Efficiency of power generation by
primary energy combustion can be indirectly increased
to 111%. Heating efficiency is over 15% higher than that
of using coal-fired boiler. Therefore it has huge potential
for contributing into the proportion of renewable energy
utilization in the nation’s total energy consumption.

3. Reasonable production site selection and
reasonable energy utilization method will guarantee
development and utilization of the shallow ground
source energy with low costs, and also obtain the most
effective environmental protection effects.

Power generation near the place of energy production
needs the lowest environmental governance cost.
Power transmission via electric wires to the place of
electricity consumption is the most mature way. By
using an electric-driven heat pump on which money
has been spent on to transport free shallow ground
source energy, heat energy whose value is worth over
three portions that can be directly converted from
electrical energy. The low cost, zero combustion and
zero emission will radically solve the double-high (high
energy consumption and high pollution) problems
caused by traditional energy combustion for heating
methods.

4. The Smart Heating is the third change of building
heating energy

Following the building heating methods which
mainly relied on primary energy combustion for heating
and mainly relied on secondary energy utilization for
electric heating, it enters an epoch-making ecological
heating stage in the new era, namely, high-efficient

RHAER
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coal replacement with electricity for
heating usage of renewable energy
source (shallow ground source
energy) as heating methods which
rely more on renewable energy than
electric energy.

lll. Indexes of Enterprises and Social
Benefits due to Smart Heating

1. System Input and Operation
Cost

They are equivalent to initial input
and operation cost of traditional
heating & cooling methods.

2. Index of Renewable Energy
Utilization

Over 60% of energy operation
consumption of heating system in
the shallow ground source energy
belongs to renewable energy.

3. Index of Environmental
Protection

There is zero combustion and zero
emission during the heating period.

IV. Practices and Experiences on
HYY’s Promotion of Shallow Ground
Source Energy for Smart Heating
EVER SOURCE SCINECE &
TECHNOLOGY DEVELOPMENT
GROUP CO., LTD. (hereinafter
referred to as “HYY”) has been
committed to scientific research,
development and utilization of
shallow ground source energy as

11
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an alternative energy source for heating
for 16 years. Under the support of “Beijing
Standards”, HYY Single-Well Heat Exchange
Circulation for Ground Source Energy
Collection technology has got developed
fast, low-grade heat has been matched with
various heat pumps, and differentiated ground
energy heat pumps (applicable to regions
where it is hot in summer and cold in winter)
and ground source heating devices (applicable
to cold regions and severe cold regions) with
climatic regions as the orientation have been
gradually improved. The heating products
have been developed and manufactured in
a large scale. The Smart Heating system is
supported by ground source energy collection
technology, is guaranteed by innovative
products, and manufactures the best complete
sets of equipment to meet heating demand.
By relying on four sections, namely, intelligent
manufacturing, Smart Heating projects
(environmental system of ground energy
heat pumps), operation & maintenance
guarantee of the Smart Heating system, and
comprehensive development of key regions.
The Smart Heating system is promoted across
China, taking high-efficient coal replacement
with electricity-using ground source energy for
heating villages and haze elimination projects
in Beijing-Tianjin-Hebei Region as key points.
At present, the Smart Heating for buildings
over 13,000,000m* has been promoted
nationwide except for Hainan Province, Hong
Kong, Macau and Taiwan; the renewable
shallow ground source energy replaces

12

650MW of traditional energy and realizes full
matching with three traditional heating methods
of fossil fuel combustion.

1. Realize “self-heating” matching between
ground source heating device system
and traditional heating method of peasant
households. This way carries forward China’s
good tradition of thrift. It is high-efficient
coal replacement with electricity self-heating
system which uses combustion-free ground
source heating technology for smart building
heating. Its features are by using the ground
source heating device system with special-
purpose heat pump which combines heating,
cooling and optional domestic hot water
functions and adopts convenient and energy-
saving room-based control design, operation
is easy and expense is saved and heating
can be opened and closed in each room
separately; personalized needs of rural users
are met to the maximum extent under the
precondition of ensuring total amount of heat
supply and operation cost is lowered (when
coal price was RMB800/ton, coal combustion
cost was 30%-100% of operation cost of
natural heating system in the same area;
the key of low expense is energy saving of
behavior).

2. Realize “centralized heating” matching
between ground energy heat pump
environment system and traditional heating
methods, equivalent to traditional boiler
rooms for centralized heating and central air
conditioners. The feature is an energy-saving
operation mode based on system operation



guarantee and basic operation energy
consumption.

3. Realize “urban heat” matching between
50-900MW dispersed ground source station for
cooling/heating and traditional heating method.
Its features are fully showing the concept
of grading and utilization of distributed and
ecological energy based on grade, conducting
regional heating energy planning first, and
building combustion-free ground source energy
collection and heat pump stations for Smart
Heating based on construction progress of
buildings. Heating system mainly consists of
five parts, namely, “source”, “station”, “network”,
“control” and “end”.

“Source” refers to shallow ground source
energy collection, which mainly uses China’s
original single-well heat exchange technology.

“Station” refers to heat pump station, which
mainly converts shallow ground source energy
into cold or heat needed for buildings and is
equivalent to traditional boiler room and cooling
station.

“Network” refers to micro ground source
energy network, which connects adjacent
stations or “stations” featuring differentiated
heat supply to back up each other and
supplement each other with independent
closed circulation system.

“Control” refers to Internet+, which is the
control system for combustion-free ground
source energy heating and realizes control,
management and expense calculation of
heating system.

“End” refers to end system which serves

RHAER
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users.
V. Issues Needing Attention in Using Shallow
Ground Source Energy as an Alternative
Energy Source for Building Heating

1. Shallow ground source energy features
big amount and wide coverage, is natural and
renewable, and can be found anywhere. But
different from traditional energy combustion
for heating method which adopts extensive
operation, it must be utilized under the
precondition of reasonable design and high
system construction quality. Its low cost, high
energy efficiency and energy saving are based
on fine management of system operation.

2. The concept of combining heating,
cooling, and optional domestic hot water
functions to enhance life quality shall be
always carried out.

Heating guarantee is the core part of the
Smart Heating. Room temperature needs to
be increased by 40 degrees if it is guaranteed
above 20 degrees indoors when the outdoor
temperature is below 20 degrees. People
must exert their wisdom to realize low-cost
operation and combustion-free heating, and
sole dependence upon mechanical equipment
is not enough.

It will be 100% of failure if 1% of heating
projects becomes unsuccessful.

EVER SOURCE SCINECE &
TECHNOLOGY DEVELOPMENT GROUP
CO., LTD. strives to create Smart Heating
system brand “HYY” and create Smart
Heating product brand “Hongyuan” to be both
recognized by markets. Hongyuan heat pumps

13




AHIER
CURRENT FOCUS

shall be promoted in regions where it is hot
in summer and cold in winter and Hongyuan
heating devices (combining heating, cooling,
and optional domestic hot water functions)
shall be promoted in cold regions and severe
cold regions to match regionally differentiated
heat grade with regionally suitable products
and guarantee heating.

VI. Smart Building Heating with Combustion-
free Shallow Ground Source Heating System
Has Broad Market Prospect, Uses Mature
Technology and is at the Beginning Stage of
Great Development

Ecological environment optimization and
energy revolution are two key points of the
“13th Five-Year Plan”. “Parade Blue” (top air
guality) can be regarded as an experimental
result of regional combustion restriction
conducted by Beijing; “No Coal” is the goal
of building heating. Reducing combustion is
the key to eliminating haze and the key to the
development, adjustment and transformation
of the building heating industry.

Ecological civilization construction is the
guarantee for promoting the upgrading of
traditional industries. Innovation work of

governments at all levels in the new era will
further accelerate the development of the
emerging industrial of integrated heating and
cooling system with ground source energy.

Smart Heating will definitely realize a
new path of emission reduction of regional
combustion for heating, renewable energy
replacement and utilization, ecological heating,
and haze elimination in China.

Note: Shallow Ground Source Energy
Shallow ground source energy (shallow
geothermal energy for short) refers to low-
grade heat whose temperature is below 25°C
contained in soil-rock mass and underground
water at relative constant zone of subsurface
temperature below the earth’s surface.
Combined action of solar heat and heat of
the earth’s core is the constant source of
low-grade heat, and it can keep balance in
natural release and reserves with relatively
stable temperature (empirical value of the

shallow ground source energy temperature
in 15 meters underground is equivalent to the
average annual temperature of the region +1-2
temperatures, and correct within this scope).
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Reason Analysis of
Choosing Clean Energy
for Heating in Rural
China

Author: Yan Yiping (Professor of
Department of Economic Management,
Beijing Vocational College of Agriculture)

Heating is a necessity for living in northern
China. People need heating in winter
regardless of their income level and housing
condition. Rural areas of China feature
multiple villages and large area and adopt
diversified heating methods. Traditional
heating methods are mainly wood burning
and coal burning. These methods feature low
investment, easy operation and low expense,
but cause severe pollution and large space
occupation, consume a lot of time and have
such risks as carbon monoxide poisoning. To
solve these problems, clean energy sources
which use various new technologies have
been used for heating in rural China in recent
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ten years. But this method needs high
investment and operation expense. So it is
still difficult to realize large-scale promotion
of using clean energy for heating in rural
China because farmers’ income is relatively
low. But in recent years, an increasing
number of rural areas have used clean
energy.

1. Protect Beautiful Ecological Environment

In China, the place which was the earliest
to realize using clean energy for heating
within township is the famous home of sea
cucumber- Zhangzidao Town. Zhangzidao
is a famous “marine ranch” in China, a town
famous for fishing, a tourism town, a listed
company, and the first island which uses
seawater heat pump for heating in China.

Since 2008, Zhangzidao Town Government
has invested into the establishment of
seawater source heat pump heating (cooling)
system. Heat pump technology is used to
extract the heat in seawater for residents,
schools and the government. Coal-fired
boilers on the island have been gradually
removed. Now 1,300 residents living in
buildings among 6,000 residents on the
island and most of public buildings use
seawater heat pumps for heating. Covered
area reaches 300,000m?.

Before using heat pump technology for
heating, Zhangzidao mainly relied on coal
burning (transported coal from outside
the island) which caused severe pollution.
Based on calculation, if 20,000 tons of coal



were burned every year, over 2 million tons
of coal would have been burned a hundred
years later. The entire island would be buried
in coal. There would be no space for living.
So the town made a decision to change the
heating method.

In 2008, Zhangzidao started large-scale
application of heat pump technology and
has invested RMB15 million into boiler
improvement in the 50,000m” Mingzhu
Residential Community. Then in 2009,
it invested RMB40 million into boiler
improvement in the 200,000m?* Xinghua
Residential Community. According to
calculation, this could help Xinghua
Residential Community reduce the use of
7,420 tons of standard coal and reduce the
emission of 18,800 tons of carbon dioxide,
176.7 tons of sulfur dioxide and 320 tons of
smoke and dust particles in each heating
period. Zhao Jiyang, the Deputy Town
Chief of Zhangzidao said that investment
into ground source heat pump installation
would be very high if there were no relevant
subsidy policy. He said, “If a coal-fired
boiler cost RMB1, a ground source heat
pump would cost RMB3.” Ground source
heat pump heating (cooling) system mainly
requires electric energy consumption. So
in terms of operation expense, operation
enterprises would sustain losses if there
were no preferential electricity price policy.
But the town still used heat pump technology
and offered subsidies on operation expense
for years in order to protect its beautiful
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environment. In 2013, Liaoning Provincial
Price Bureau issued the [2013] No.77
document Supplementary Notice on Price
of Electricity for Using Underground Water
Source Heat Pumps for Cooling and
Heating. The notice included the application
of heat pump technologies which need
seawater source, soil source and sewage
source except for underground water source
in the preferential electricity price policy-
namely adopting industrial tariff (RMBO0.68/
KWh) and expanded the scope of the
preferential policy from heating to cooling.
After the policy took effect on December 1,
2013, operation expense of heat pump has
been lower than that of coal burning.

One of the reasons why the town can use
clean energy for heating is that it has the
determination to protect the environment
and has certain financial resources. Another
important reason is that guarantee level
of the electric power system has been
enhanced. Electric power is an important
guarantee for heat pump heating (cooling)
system. If the electric power system fails,
heating will be stopped. The power supply
company in Changhai County has opened a
green power supply service channel which
provides 24h tracking service to guarantee
heating. And Zhangzidao power supply
station has provided “lifelong” electric power
guarantee service whenever it is needed for
heat pump heating enterprises which helps
heating enterprises in Zhangzidao realize
energy saving and emission reduction.
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In 2016, submarine cables connected into
Zhangzidao are easily damaged by outer
forces due to aging and suffer from seawater
corrosion so security risks exist in residential
electricity consumption. This problem needs
to be timely solved by the party concerned.
This town “wishes the nation can issue
better policies on ground energy heat pump
technology especially on investment subsidy
and operation subsidy and can issue a more
preferential electricity price policy”. In 2016,
the National Development and Reform
Commission announced that electricity price
of residential heating shall adopt residential
electricity price. After this policy is adopted,
operation expense of using heat pump will
be the same as that of burning RMB650/
ton coal in Zhangzidao, and more farmers in
the town will use heat pumps and it will be
helpful for promoting using clean energy for
heating in rural areas.

Farmers in this town can consciously
protect the beautiful environment to protect
their home from being polluted after they
become rich. They have spent certain
financial and human resources, have
provided a good demonstration effect
and have brought a good beginning of
popularizing clean energy in rural areas. A
lot of rural areas in northern China have a
long history, have beautiful environment and
take tourism development as the economic
growth point. Most of such rural areas attach
importance to environmental construction
and more easily accept using clean energy
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for heating. Popularization of clean energy
also needs the relevant departments to
implement preferential policies and needs
the electric power department to guarantee
electricity supply.

2. Adapt to Better Living Conditions

Since reform and opening-up, housing
conditions in rural areas have got improved,
many farmers have moved into buildings
and heating conditions have changed. Take
the Bashimudi Village in Fangshan District
of Beijing for example. The village has 318
households, totally 890 people. There are two
types of houses- one is three-storey buildings
and another is bungalows. Buildings were
built during “old village renovation” in 2005.
Only some houses were renovated due to
policy restriction. Renovation of the entire
village was not realized.

In the village, there are obviously two
methods of heating in winter. All households
in buildings use electricity for heating and
no one uses coal for heating. All households
in bungalows use coal for heating and no
one uses electricity for heating. The village
adopts two different heating methods mainly
for the following reasons. New buildings
have a limited building area and have no
space for storing coal. The ground has been
hardened and trees have been planted
around buildings, so coal burning would
damage the environment. Buildings have
good heat preservation performance and
income of peasant households living in



buildings is relatively high. So all households
in buildings use electricity for heating. But
all households in bungalows continue to use
original coal-fired heating facilities.

The example of this village shows how
rural families living in buildings choose clean
heating technologies and heating forms
in the existing market under the condition
of no government subsidy. Main heating
methods adopted by peasant households
here are electric boiler, electrothermal film,
electric heater and air source heat pump.
As they mainly rely on electricity for heating
and receive no subsidy, heating expense
is relatively high. For a 140m? building,
electricity charge for using electric boiler in
a heating season is up to about RMB5,000.
But users are basically satisfied because
good heating effect is achieved, degree of
cleanliness is high and full automation is
realized which can save them much time
and trouble. As to air source heat pump, it
has been introduced in recent two years
and no government subsidy is offered.
Equipment expense is over RMB20,000. As
operation expense of air source heat pump
in a heating season is about RMB3,000 (no
government subsidy is offered on electricity
charge too), peasant households also
accept it. But introducing new equipment
requires the transformation of original
heating facilities in rooms. Although some
households are interested in this energy-
saving heating method, few purchase air
source heat pumps.
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The example of Bashimudi Village aims
to describe how farmers living in buildings
select heating methods under the condition
of no government subsidy. This shows that
farmers who become rich have a certain
ability to purchase heating methods which
are clean and convenient and have high
automation degree and to afford operation
expense. They are willing to change
traditional heating conditions. This also
shows the competitiveness of different
clean heating methods in the market under
the condition of no government subsidy.
According to surveys conducted over the last
few years, a lot of farmers whose income
had increased and housing condition had
improved already adopted diversified heating
methods with clean energy including electric
heating, air source heat pump and ground
source heat pump before the government
issued subsidy policy. This shows that
farmers who become rich wish to improve
heating condition apart from improving
housing condition and will gradually use
clean energy for heating.

3. Match Entire Village Renovation Projects
After entering the 21st century, a lot of
entire village renovation projects in rural
areas have used clean energy for heating as
the nation has put forward new requirements
for energy saving and environmental
protection. Such rural areas include rural
areas in the suburbs of Beijing and rural
areas in other regions. For example,
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Niwantou Village in Qingdao realized using
clean energy for heating in 2015. People in
the village are reservoir immigrants. After
relocation, the village was merged into the
new Longquanhu Community. Based on plan,
6,212 people of 1,979 immigrant households
from 9 villages of Hetoudian Town will be
relocated in Longquanhu Community. As to
the Phase-| Project, all villagers of Niwantou
Village were relocated; total investment was
RMB36,128,000; 5 buildings were built for
immigrants, building area is 22,580m?, storey
height is 5 and house types include 120m?,
90m?* and 60m?, and there are over 190
apartments. The Phase-Il Project is under
construction and it is planned to use ground
source heat pumps. The Phase-lll Project
is being designed and clean energy will be
used. After completion of all projects, this
community will be a centralized display area
of using clean energy for heating in rural
areas of Shandong Province where over
6,000 farmers from 9 villages are relocated.
In the Phase-l Project, Niwantou
Village used air source heat pumps for
centralized heating. Floor heating form
is adopted. Heating water temperature
is about 40°C. This method can ensure
that indoor temperature is not lower than
18°C. Considering farmers’ affordability,
heating charge standard for this community
is RMB20/m?/heating season which is
acceptable to farmers. As solar water
heaters were installed during community
construction, heating water function of
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air source heat pump was not utilized. As
farmers’ income level was still low, cooling
function of air source heat pump was not
utilized. The task of guarding and operating
air source heat pumps was entrusted to local
villagers. Because of very high automation
degree of equipment, operation and
management work involved was minimal.

Although this is household heating,
Qingdao currently adopts the electricity
charge standard RMBO0.8/KWh because
centralized heating form is adopted. The
charge standard RMB20/m*/heating season
can maintain operation but equipment
depreciation expense cannot be obtained.
If electricity charge is based on residential
electricity consumption according to the
document of NDRC, equipment update
expense can be obtained and operation
charge standard can be further lowered.

It is worth mentioning that as this
investment is investment by policy, the village
committee did not introduce centralized
heating but still used air-conditioner for
heating even though it was built at the same
time with residential buildings.

Like Niwantou Village, among several
hundred entire village renovation projects
in the suburbs of Beijing in recent 10 years,
dozens of projects used clean energy for
heating. And solar heating covered nearly
600,000m”. All these were experimental
and most were unsuccessful, so it cannot
be promoted in rural areas in the suburbs
of Beijing yet. Through experiment, electric



heating technology also cannot be promoted
in rural areas in the suburbs of Beijing
due to high energy consumption and high
operation expense. Main clean energy for
heating technologies which are currently
promoted in rural areas in the suburbs
of Beijing are ground energy heat pump
technology, air source heat pump technology
and heat-storage electric heating technology.
Among technologies mentioned above,
ground source heat pump technology can
satisfy heating demand in a bigger housing
area because of high efficiency under the
condition of the same electricity, heat-storage
electric heating technology can be applied
only in a housing area of less than 50m?
due to high electricity consumption, and air
source heat pump technology can be applied
in a medium area.

In 2010, Longmentai Village in Fangshan
District applied air source heat pump
technology. It was totally invested by the
government. Farmers only need to pay
electricity charge for operation. It has
been applied for 5 winters. This village
features high altitude and low environment
temperature as it is located in a mountainous
region. According to villagers, operation
expense of this heating method is lower than
that of coal burning because subsidy has
been offered on electricity charge.

As to entire village renovation in rural areas
in the suburbs of Beijing, most of funds were
invested by the government. Overall design
of housing, in terms of both heat preservation
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and heating, can meet energy-saving heating
demand. For example, low temperature
floor radiation heating form is adopted in
air source heat pump technology which
effectively shows the capability of existing
technology and achieves very good energy
saving effect. This is worthy of being used as
reference for entire village renovation in the
future.

Based on assumptions about various
regions and Beijing, a lot of rural areas
will need relocation and a considerable
number of rural areas will need entire village
renovation, and many of them will use clean
energy for heating.

4. Improve Current Air Environment

In recent years, haze has seriously
influenced Beijing people’s life and social
development and the improvement of
ecological environment. According to experts,
scattered coal burning in rural areas in the
suburbs of Beijing is one of main causes of
haze and scattered coal burning must be
reduced greatly to eliminate haze. According
to calculation, coal consumption in rural
areas of Beijing was about 4 million tons in
2015. Although coal consumption was not
high and most of coal was high-quality coal,
the amount of pollution caused by it was
not low because low altitude direct emission
method was adopted. Some data have
shown that the amount of pollutants caused
by 1t coal burning in rural areas is higher
than the amount of pollutants caused by 50t
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clean coal burning of big power plants.
Beijing has formulated a plan in order to
eliminate haze. Rural areas in the suburbs
of Beijing should promote clean energy
as soon as possible to replace coal which
causes pollution. To solve pollution problem
which is caused by coal burning in rural
areas, Guo Jinlong, the Secretary of Beijing
Municipal Committee put forward “Five
One-batch” (namely making one batch of
people live in buildings through urbanization
transformation, dismantling one batch of
illegal buildings, realizing gasification for
cooking for one batch, realizing radiation
of one batch of urban pipeline networks,
realizing one batch of high-quality coal
replacement) in August 2013, and Beijing
launched rural high-quality coal replacement
project first. The “Coal Reduction and Coal
Replacement for Clean Air” action is an
important measure taken by the municipal
committee and the municipal government
to implement the decisions of the Party
Central Committee and the State Council
about prevention and control of air pollution
in Beijing. As of May 2016, among 1.46
million households in rural areas of Beijing,
250,000 households realized centralized
heating in buildings through urbanization
transformation, 160,000 households realized
“changing from coal burning to electric
heating and changing from coal burning to
gas burning” household heating, 920,000
households realized “high-quality coal”
replacement and about 30,000 households
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realized relocation in winter. Coverage
exceeded 90%. Expected tasks in 2013 have
been over-fulfilled. But in 2016, nearly 1
million peasant households still use coal for
heating which obviously has negative impact
on air environment of Beijing.

Thus, Beijing has promoted changing
from coal to clean energy in two aspects in
2016. First, power supply capacity of rural
power grids has been enhanced to promote
replacing coal with electricity project and
great efforts have been made to promote the
“natural gas goes into village households”
project; second, a series of incentives
have been offered while promoting clean
energy. As to promoting replacing coal with
electricity, it put forward that installation
expense of high-efficiency energy-saving
electric heating equipment shall be borne
jointly by the municipal finance department,
the district and county finance department
and rural households. Apart from the RMB0.3
“valley electricity” price policy “from 9:00pm
to 6:00am” which peasant households enjoy,
the municipal finance department and the
district finance department have offered a
subsidy of RMBO.1 on electricity price per
kilowatt-hour and peasant households only
need to pay RMBO.1 electricity charge per
kilowatt-hour. While power capacity increase
was implemented during “replacing coal
with electricity” for heating in rural areas,
transformation expenses relevant with indoor
electric meters of peasant households
(including transformation expense of electric



meters) are borne jointly by fixed asset
investment of the municipal development and
reform commission and electric power supply
enterprises, expenses from electric meter to
equipment side are borne by district, county
and township, and farmers only need to pay
a little to use convenient and clean energy
which have greatly aroused their enthusiasm
about replacing coal with electricity.

Based on current progress, it is predicted
that about 260,000 households in 463
villages in rural areas in the suburbs of
Beijing will realize changing from coal to
clean energy in 2016, most of rural areas
within the sixth ring road will realize changing
from coal to clean energy, and Beijing’s air
quality, especially air quality in heating period
will get improved to some extent in the
future.

Based on Beijing’s plan, changing from
coal to clean energy will be realized in over
900 rural areas in 2017, the southern plains
in the suburbs of Beijing will basically realize
changing from coal to clean energy, and
changing from coal to clean energy will be
realized in all rural areas in the suburbs of
Beijing including rural areas in mountainous
regions by 2020.

Relevant surveys show that changing
from coal to clean energy in rural areas
in the suburbs of Beijing mainly involves
transformation of existing heating
equipment in peasant households, only
heating facilities are transformed and
mostly original heating systems are

RHAER
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used under the condition of basically not
changing living condition. This way reduces
farmers’ workload, reduces farmers’
expenditure and is favorable for rapid
popularization of clean heating.

Moreover, some rural areas in Tianjin,
Hebei Province, Shandong Province
and Shanxi Province have started pilot
implementation of changing from coal to
clean energy in the entire villages in order to
eliminate haze, launched preferential policies
in various regions and achieved a certain
effect. More rural areas will use clean energy
for heating in the future.

From what has been mentioned above,
an increasing number of rural areas in
China are changing traditional heating
methods and changing from coal burning
to using clean energy for heating with the
rural economic growth, increase of farmers’
income, improvement of living condition,
enhancement of environmental awareness
and the nation’s financial capability growth
and policy guidance in the 21st century.
It can be predicted that heat pumps (air
source and ground source) will have a larger
share of the market in rural China and will
gradually become the main heating method
for Chinese farmers with the development
of rural tourism, construction of beautiful
environment, increase of farmers’ income,
increase of farmers living in buildings,
implementation of entire village relocation
and launch of measures for eliminating haze
in various regions.
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Research on
Development Status
and Trend of Ground
Source Heat Pumps n
Henan Province

Author: Liu Yang Wang Qun Zhang
Ruiqgin (College of Chemistry and
Molecular Engineering, Zhengzhou
University )

This paper describes development and
utilization status of shallow ground source
energy in Henan Province, studies and
analyzes existing problems in the ground
source heat pump market of Henan,
analyzes and summarizes the causes
of problems, and predicts development
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trend of ground source heat pump in
Henan based on development status.
Environmental pollution is serious in
Henan and environmental capacity of
some cities is nearly saturated, so it is
urgent to improve energy structure and
increase the application proportion of
renewable energy sources. This paper
indicates that ground source heat pumps
have broad application prospects in Henan
and have great significance for building
energy saving and that the government
and enterprises shall jointly maintain the
market order, create high-quality projects
and promote reasonable development and
sustainable utilization of shallow ground
source energy in Henan.

Keywords: shallow ground source
energy; ground source heat pump;
energy saving and environment
protection; status and trend research
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Introduction

Henan is at the stage of rapid economic
development. At the end of the “12th
Five-Year Plan” period, its gross national
product reached RMB3.701 trillion and
average annual growth rate was 9.6%!'".
Rapid urbanization brought rapid growth
of construction scale. Area of buildings
completed was over 198,000,000m” in
2014 and average growth rate in recent
five years exceeded 10%. Building energy
consumption has shown the trend of rigid
growth with the continuous increase of total
number of buildings and the improvement of
living comfort. Building energy consumption
in Henan accounts for about 28.6% of the
society’s total®
has accounted for a large proportion together
with industrial energy consumption and
transportation energy consumption.

According to the Carbon Reduction
Work Arrangements of Henan Province for
Energy Saving and Emission Reduction
in 2016, it is required that the province’s
total coal consumption shall be basically
controlled to the level in 2015, and that its
GDP in the first half of 2016 shall increase
by 8% if calculated based on comparable
values, its industrial added value above a

. Building energy consumption

designated scale shall increase by 8% and
total electricity consumption shall grow by
nearly 4% year on year. To achieve control,
tasks are extremely arduous. Only by actively
promoting replacing tradition energy sources
with renewable energy sources, can existing
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energy environment problems be solved.

Based on national energy plan, total
production of domestic primary energy
sources shall reach 4.2 billion tons of standard
coal by 2020, China’s per capita building
operation energy consumption accounts for
1/7 of that of USA and 1/4 for that of OECD
(Organisation for Economic Co-operation and
Development) countries now. Assuming that
China’s urban population reaches 1 billion
and per capita building energy consumption
reaches the level of OECD countries in 2020,
building energy consumption will reach 3.5-4.0
billion tons which means all available energy
sources nationwide will be used up and will be
unimaginable™. Building energy consumption
is mainly heating energy consumption and
air conditioning energy consumption which
account for about 50-70% of building energy
consumption. Application of renewable energy
sources is the key to controlling the growth of
building energy consumption. By using ground
source heat pumps to extract shallow ground
source energy and applying it in HVAC,
energy consumption and pollutant emission
can be reduced greatly. Thus, development
and utilization of shallow ground source
energy has great significance for improving
traditional energy structure and promoting the
achievement of energy saving and emission
reduction goal.

1. Development Status of Ground Source
Heat Pumps in Henan
Ground source heat pumps have developed
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fast in Henan since the 1990s. Especially
after 2006, the nation has issued a series
of policies and measures to promote the
development of the energy saving and
environmental protection industry. From
2006 to 2008, Henan applied for 22 ground
source heat pump renewable energy building
demonstration projects, demonstration area
was 2,174,300m?, and RMB98.99 million
subsidy was offered by the central finance. As
governments at all levels vigorously promote
and encourage the application of renewable
energy sources, the high efficiency and
energy saving features of ground source
heat pumps have been gradually recognized
by consumers and ground source heat
pumps have been widely applied by property
developers, the development of ground
source heat pumps in Henan has reached a
record high.

The 18 prefecture-level cities in Henan
have completed ground source heat pump
projects. Mainly underground water source
heat pump systems are adopted. Proportion
of buried pipeline heat pump systems is
small. Application projects are mainly large
public buildings, such as hospitals, schools,
hotels, government office buildings and
residential quarters. In December 2012,
“Planning Type CDM (Clean Development
Mechanism) Project on Ground Source
Heat Pump Application in the Building
Field of Henan Province” was successfully
registered at CDM Executive Board of the
United Nations. With 40,000,000m* Ground
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Source Heat Pump Application Project in
Henan as the subject of implementation, this
project is the world’s first planning type CDM
demonstration project on renewable energy
application in building field which has been
successfully registered. Although trading of
this project failed due to too low carbon price
in Europe, the project application unit has
signed 51 project contracts in 12 prefecture-
level cities of Henan under the guidance of
Henan Provincial Department of Housing and
Urban-Rural Development and the project
application area reaches 6,560,000m’. This
shows that the local government attaches
much importance to shallow ground source
energy development and utilization and
Henan has huge market potential.

According to a market report®, ground
source heat pump units accounted for 11.2%
of central air-conditioning units in Henan in
2015 which dropped slightly year on year and
the sales in real estate market accounted
for the largest proportion. It is worth thinking
about the reason why market share of ground
source heat pumps is still not high and
even has dropped under the background of
mature technology and policy support despite
development for over a decade. Through
investigation, a lot of problems in ground
source heat pump market of Henan need to
be solved urgently.

1.1 Recharging Problem of
Underground Water Source Heat Pump

Pumping and recharging of underground
water source heat pump has been considered
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as the bottleneck of its development and
this is no exception in Henan. Most are
underground water source heat pumps in
Henan. Although heat pumps only extract
and utilize the temperature of underground
water and do not consume water resources,
recharging of underground water is difficult
because well completion process does not
meet recharging requirements, there is lack
of demonstration of the recharging feasibility
of water-bearing stratum and quantity of
recharge wells is insufficient. So the unit's
operation effect is greatly affected, “false
recharging” phenomenon occurs in individual
projects and a huge waste of underground
water resources is caused.

The per capita water availability in Henan is
less than 400m* which only accounts for 1/5
of the national average. Henan is a severe
water-shortage area based on internationally
recognized standards. According to data
released by the Water Resources Department
of Henan Province, its total over-development
area of underground water is 44,393km’ which
accounts for about 1/4 of its total land area.

At the end of 2013, Henan started to
implement the strictest water resources
management system which clearly requires
that shaft sinking and water withdrawal
management on underground water source
heat pump system shall be strengthened,
water-intaking permit shall be handled for
construction projects according to law,
recharged water shall not affect the quality
of underground water and shall not be
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discharged directly, and recharging-production
ratio of underground water source heat pump
system shall not be lower than 95%. The
management system further standardizes
market behaviors and provides a system
guarantee for underground water resources
protection. But recharging problem is still
the first one to be solved urgently by project
construction units.

1.2 Well Completion Quality Problem of
Ground Source Heat Pump

Well completion quality of ground source
heat pump directly determines the system’s
operation efficiency, operation expense
and service life. Currently Henan has
no competent authority responsible for
engineering management of ground source
heat pump projects. To lower cost, many
construction units entrusted individual
drilling teams, lacked engineering design
and professional drilling technologies and
used low-cost low-quality tubular products
which led to corrosion and fouling of tubular
products and caused serious impact on heat
exchange efficiency of heat pump system.
For some water source heat pump projects,
a lot of sediment occurred after a year, water
produced was turbid, and even collapse and
scrap problems occurred which caused great
negative impact on the industry.

1.3 Geological Exploration Problem of
Shallow Ground Source Energy

The Department of Land and Resources
of Henan Province has finished shallow
ground-source energy exploration and



regional suitability evaluation in 18 prefecture-
level cities of the province which provides a
reference for the implementation of ground
source heat pump projects. But shallow ground
source energy exploration at the site is still
necessary during engineering practice. It was
found during investigation that shallow ground
source energy exploration at the site was not
conducted according to specifications in some
projects and that some projects were designed
and developed blindly based on experience
which caused such problems as difficulty in
underground water recharging and mismatch
of load between heat exchange system
and building and even caused geological
environment pollution, serious impact on the
system’s operation effect and increase of
project operation and maintenance cost.

1.4 Operation and Management Problem
of Ground Source Heat Pump

Energy utilization condition of ground source
heat pump is an important basis for judging
whether the ground source heat pump system
saves energy and whether its operation
effect reaches the design demand. Through
investigation, many projects lacked a scientific
and systematic management system at later
stage, system energy efficiency evaluation
was not conducted, it was unclear whether
energy saving was realized and how was
the energy saving effect, and some project
control systems had low automation degree
and needed human control, and managers
lacked systematic knowledge training on
ground source heat pumps, could not conduct
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scientific operation of equipment and lacked
statistical analysis of operation data so the
system could not meet the need of load or
energy consumption was caused.

2 Development Trend of Ground Source
Heat Pumps in Henan

2.1 Ground Source Heat Pump
Engineering Management and
Supervision

Shallow ground source energy exploration
at the site provides a basis for feasibility
study and design of ground source heat
pump engineering projects, and is an
important means for guaranteeing normal
operation of ground source heat pump
systems and reducing project development
risks. Thus, during the development of
ground source heat pumps, attention shall
be paid to hydrogeological exploration and
evaluation at the earlier stage of engineering,
the industry’s exploration specifications!
shall be strictly observed and shallow
ground source energy evaluation system
shall be improved to ensure sustainable
development and utilization of shallow
ground source energy. Development and
utilization of shallow ground source energy
involves many departments such as land and
resources department, water conservancy
department, urban construction department,
environmental protection department,
and quality and technology supervision
department. All departments shall have a
clear division of work, strengthen whole-
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course supervision and management on
ground source heat pump engineering,
gradually adopt market admission system
and engineering supervision system, and
ensure technical level and engineering
guality of construction teams.

2.2 Application of Single-Well Heat
Exchange Circulation for Ground Source
Energy Collection Technology

Underground water source heat pumps in
Henan mainly adopt the forms of one-well
water pumping and one-well recharging,
and one-well water pumping and multiple-
well recharging. Studies of engineering
cases have shown that such underground
water source heat pump projects have many
problems like large space occupation, site
restriction, thermal transfixion, high initial
investment and inconvenient operation and
management. As to some projects, such
problems as difficulty in recharging due to
engineering quality, geological environment
pollution and even system breakdown have
seriously affected the reputation of
ground source heat pumps in the
industry.

Single-well heat exchange
circulation for ground source
energy collection
technology uses
e well and
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device in the well and semi-closed or closed
circulation loop to realize energy collection
through heat exchange between water
and shallow layer soil and sandstone with
underground water as medium. In the whole
process, no water resource is consumed
and water quality is not affected. It has such
characteristics as small space occupation,
flexible arrangement, long service life, stable
operation, and low usage and maintenance
expenses. Technical advantages are obvious.
It has been selected into the Catalogue of
National Key Energy-Saving Low-Carbon
Technologies for Promotion (2015 version).
Thus, promotion and application of single-well
heat exchange circulation for ground source
energy collection technology is helpful for
improving different operation effects of water
source heat pumps in Henan, enhancing
overall level of the ground source heat pump
industry, thereby changing slow growth
of the ground source heat pump market

2 and realizing wide and reasonable

application of shallow ground
o source energy.
, 2.3 Active Application
3 in Urban Centralized
* Heating
As a northern
province,
Henan has




realized centralized heating in most of
cities. Its centralized heating area exceeds
129,000,000m*. Heat source supply method
is mainly cogeneration and supplemented by
peak-load regulation of boiler room. During
heating period in winter, a large amount
of fossil energy needs to be burned which
causes serious pollution. Heat source supply
gap has increased year by year with the
acceleration of urban construction. Take
Zhengzhou for example. In 2014, centralized
heating network access area was about
78,100,000m? but heating area in winter
was only about 53,300,000m?, so about
24,800,000m” users who owned heating
condition could not enjoy heating due to
heat source problem. Centralized heating
is a key people’s livelihood project. Henan
attaches much importance to the control of
total energy consumption and implements
strict control of new energy projects of power
plant type which have further increased the
contradiction between heat source supply and
demand. Thus, applying renewable energy
sources in centralized heating becomes a
trend. Application of ground source heat pump
projects in urban centralized heating can
effectively alleviate urban heating pressure,
greatly reduce the emission of pollutants,
guarantee heating for residents and realize
environmental benefit. Especially in recent
two years, Henan Provincial Government
has fought against air pollution. Many units
have carried out heating reform based on
requirements, removed boilers and adopted
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ground source heat pump system for heating
in winter. These provide new opportunities for
the promotion of ground source heat pumps.

2.4 Developing Rural Ground Source
Heat Pump Application Demonstration
Projects

Henan is a major agricultural province.
Its rural population is over 58 million.
Building energy consumption in rural areas
is increasing rapidly and traditional heating
methods which are mainly using biomass
energy are being gradually replaced with
using such commercial energy as coal
and electricity with the acceleration of
urbanization and the improvement of people’s
standard of living. Energy consumption in
rural residents’ life becomes a new control
point of total energy consumption. As rural
buildings generally have such problems as
big difference in building structure and poor
heat preservation and construction cost of
ground source heat pump project is high,
there are few ground source heat pump
application projects in rural market of Henan.
In the Program on Accelerating Promoting
the Application of Renewable Energy
Sources in Buildings in Rural Areas which
was jointly issued by the Ministry of Finance
and the Ministry of Housing and Urban-
Rural Development, it is clearly required that
promotion demonstration of application of
renewable energy sources in buildings shall
be implemented in rural areas with county as
the unit to guide the application of clean and
renewable energy sources in rural residences
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and such public buildings as rural primary
and secondary schools and the central
finance shall offer appropriate subsidies for
rural ground source heat pump application
demonstration projects. With the acceleration
of new rural construction and under the policy
support of finance departments at all levels,
such buildings as primary and secondary
schools, health centers and hotels in rural
areas become key fields of ground source
heat pump application and promotion. Market
space is huge.

2.5 Strengthening Ground Source Heat
Pump Information Construction

Common problems in the industry are
that there is lack of tracking and analysis of
operation data of ground source heat pump
system and that energy consumption and
operation efficiency of the system cannot be
grasped accurately. Apart from relying on
automatic operation of the system, operation
and management personnel need to master
necessary energy-saving control skills,
explore energy saving potential through
data analysis during daily operation and
management, and ensure stable and efficient
operation of equipment. Thus, it is necessary
to improve the operation and management
system for the ground source heat pump
system. Operations shall be conducted
to maintain stable operation and ensure
safety of the system. And measures shall
be taken in such aspects as ground source
heat pump unit, heat exchanger, circulating
pump and end equipment to fully enhance
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operation efficiency of the system and to
show the advantage of high efficiency and
energy saving of ground source heat pump to
the maximum extent. Through investigation,
some enterprises in the province have started
to establish operation and management
monitoring platforms which can monitor
real-time operation conditions including
environment temperature, hydrological
data, energy consumption data, unit energy
efficiency and system energy efficiency of
ground source heat pump projects completed.
Monitoring platforms can help enterprises
learn about the system’s operation condition
in real time, realize remote management
and reduce management and maintenance
cost, and can provide a reference for the
government to establish uniform management
system at the next step.

2.6 Encouraging Energy Performance
Contracting

Energy performance contracting (“EPC”)
refers that an energy saving service
company and an energy consumption unit
sign a contract to achieve the energy saving
goal, and the energy saving service company
provides necessary service and the energy
consumption unit which achieves energy
saving benefit pays the cost and reasonable
profit to the energy saving service company.
EPC is a kind of new market-oriented energy
saving mechanism and has broad prospect
for application in ground source heat pump
projects. Through visit and investigation, an
energy saving service company in Henan



is specialized in investment, construction,
operation and management of ground
source heat pump central air-conditioning.
All ground source heat pump projects
invested by this company adopt energy-
saving benefit-sharing EPC mode and
have achieved very good market returns. It
achieved annual production value of RMB40
million in 2013 and achieved RMB150 million
in 2015. The scale of ground source heat
pump investment projects within three years
exceeded 20,000,000m”. This shows that
EPC provides a new direction and mode for
application and promotion of ground source
heat pumps, and can reduce clients’ initial
investment and operation expense, solve the
difficulty of operation and management at
later stage and realize energy saving benefit
sharing, and has been recognized by the
market. Enterprises need to invest a lot of
funds into EPC and charging basis for energy
consumption still needs to be considered.
So the government needs to offer subsidies,
reduce tax, and help enterprises broaden
financing channels, establish enterprise
integrity platform and improve supporting
system to reduce operating risks.

3 Conclusion

Energy and resource endowment and
serious environmental pollution situation of
Henan determine that application proportion of
renewable energy sources must be increased
to guarantee the society’s sustainable
development. Development and utilization
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of shallow ground source energy plays an
important role in building energy saving,
and it is urgent to establish and improve
management mechanism. Some cities in the
province have issued relevant management
measures and adopted filing system and
market kick-out system for exploration,
design, construction and supervision units
engaged in ground source heat pump system
construction and heat pump equipment
supply units which have achieved good
effect of market standardization. With the
development of technology and accumulation
of engineering practice experience, ground
source heat pump will definitely give into
full play its advantage of energy saving
and environmental protection, promote
energy structure improvement and promote
ecological civilization construction.
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