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Perpetual Heat from Shallow Ground Energy
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Unfailing Warmth with Cyclic Utilization
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HYY 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
o IRMIRER: ASBEARFIEHLE
Our Pursue: Harmonious Coexistence of Human and Nature
® RMNMER: AU =SsmENES
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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Code of Conduct :
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With safety first, standard speaks
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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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Coal Burning Contributes

Much to Haze Weather
Which Requires

Adjustment of Energy
Structure

Prepared/Reported by: Li Jing

In the winter of 2015, several key words caught
people's eyes: "warm winter" brought by EI Nino and
"haze" in heating season.

As of press time, two red alerts have been issued
for heavy pollution weather in Beijing. After holding
consultation, meteorological department and
environmental protection department declared that this
was due to adverse weather conditions and pollutants
emission.

Black coal is the source of "red alert"

On December 19, Beijing issued a red alert for
severe air pollution officially, which is the second one
in this year.

The Ministry of Environmental Protection announced
the overall monitoring results of environmental
protection of 22 cities (districts) a few days before
issuance of "red alert". It indicated that due to
unreasonable planning and layout, "steel prevailing”
and "coal prevailing" are very common in some cities
in northern China. Data showed that except for Beijing
and Tianjin, coal accounted for nearly 90% of the
energy structure in northern China, exceeding the
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average level in the nation.

Coal has been playing an important
role in Chinese energy consumption
structure. The Contribution of Coal
Consumption to Air Pollution in
China pointed out that since 1980,
within more than 30 years, coal
has accounted for about 70% of
the production and consumption of
primary energy, which is more than
that in OECD countries (about 20%).
With rapid development of social
economy in China, coal consumption
increased dramatically from 1.4
billion tons in 2000 to 3.5 billion tons
in 2012, totaling 2.5 times for 12
years. In 2013, China's daily coal
consumption accounted for 50.3%
of the total coal consumption in the
world, which is 4.2 and 6.7 times that
of US and EU respectively.

Besides, China lacks of petroleum,
natural gas and other fossil energy
resources, and the per-capita quantity
of resource accounts for only 7.7%
and 7.1% respectively of the world
average level. New energy such as
wind energy and solar energy has a
great potential, but technical issues
need to be solved for wide application.
Therefore, coal consumption will play
a dominant role in China's energy
structure for a long time.

On the one hand, coal contributes
to rapid development of Chinese



economy, on the other hand, since it
produces much carbon and pollution,
it brings about many problems, such
as increasingly serious environmental
pollution, public health and
greenhouse gas. The statistics of
China Climate Bulletin showed that
with variation of coal consumption,
the average haze duration in China
caused by air pollution increased
significantly. Before 2003, the
average haze period was less than
9 days (perennial value) in China;
in 2013, it reached to 36 days, and
continuous haze occurred in more
than 20 provinces (cities and districts)
throughout the country. Regional
air pollution is aggravated due to
distribution, structure and technology
of coal consumption in China.

Source reduction is the fundamental
solution

After carrying out preliminary
analysis for on-line sources,
environmental protection department
identified raw coal burning and
industrial emission as major causes
resulting in severe pollution in the
whole northern China recently.

As main primary energy, coal is
closely related with many industrial
production activities. As a pollutant
source, it is also the largest category
of sources which contributes the most
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to the emission of sulfur dioxide, nitrogen oxide and
smoke and dust in China. Compared with other energy
products (such as petroleum and natural gas), coal
generates more heavy metals and air pollutants such as
sulfur dioxide, nitrogen oxide, particulate matter, mercury
and carbon dioxide.

It is notable that electricity and heating production
and supply industry consumes the largest quantity of
coal, and its coal consumption accounts for 56% of
the total coal consumption from all industries in China;
however,the air pollutants control level of this industry is
higher than other industries.

Pollutants generated during heating of scattered coal
in heating period areremarkable. HaoJiming, a professor
from Professor and Dean, Institute of Environmental
Science and Engineering,Tsinghua University, ever
estimated that pollution generated by 1 t coal during
bungalow heating is greater than that generated by
15 t coal in power plant. He believes that, due to low
emission height and insufficient control measures,
civil coal may directly bring pollution to surrounding
environment; especially for low-quality bulk coals, they
may produce more severe effect.

Low cost is the main cause of large coal consumption
in rural areas, especially for low-quality coals. Recently,
the Ministry of Environmental Protectionhas announced
the result of random detection: unqualified rate of
marketable bulk coal reached 22.2% in Beijing and
26.7% in Tianjin, and the average unqualified rate
of bulk coal reached 37.5% in Tangshan, Langfang,
Baoding and Cangzhou of Hebei Province. Besides,
the marketable bulk coal features poor quality in several
counties and districts. According to the coal samples
taken from four coal marketing places in Binhai New
Area of Tianjin, the highest content of total sulfur
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reached 2.1%, and the average
content of total sulfur reached 1.13%.
The ash content of coal marketed in
Xiangying Coal Field (Xianghe County,
Langfang) and Aisheng Coal Field
(Luan County, Tangshan) reached
over 30%.

Unqualified coal refers to the coal
containing excessive sulfur and
ash. These coals may produce a
large amount of sulfur dioxide after
combustion, which is one of the
precursors of PM2.5, and after being
discharged into air, it also causes
damage to human respiratory tract,
and forms acid rain under severe
circumstance. Obviously, coal issues
involve not only economy but also
environmental protection.

Numerous environmental experts
pointed out that continuous and large
area of haze has been an alert of
the development mode of the city
in the future. In the long run, the
improvement of air quality not only
relies on provisional suspension /
limitation on production of several
corporations, but also depends on the
adjustment of industrial and energy
structure in the root.

Adjustment of energy structure is
urgent

The Work Program for Reducing
Coal Consumption to Improve Air
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Quality was issued in Beijing in May of 2012. This
document showed that the total coal consumption shall
be further reduced to 15 million tons by 2015 from 20
million tons formerly determined in the "12th Five-Year
Plan Period", that is to say, 11.35 million tons of coal
in total was reduced in five years. By 2020, total coal
consumption of Beijing shall be further reduced by 5
million tons, and it is reduced to below 10 million tons.

According to information, gas has replaced coal for
central heating in large boiler in urban area of Beijing.
Actually, "conversion from coal to gas" in Beijing was
carried out before 2008 Olympic Games. In recent
years, energy adjustment for heating has been
accelerated obviously.

Is the only option for the "conversion from coal to
gas"?Although natural gas is a clean energy, restricted
to the insufficient air source. Therefore, Professor Zheng
Xiuhua from College of Engineering and Technology,
China University of Geosciences (Beijing), thought
that the share of non-fossil energy such as geothermal
energy shall be increased in the structure of energy
consumption under the situation of energy crisis and
serious environment challenge.

"Use of clean energy has become a hot spot due
to environmental problem. For example, geothermal
energy features zero pollution. And it can save more
energy than common air conditioner when electric
energy is required."” She said geothermal energy could
obtain a good prospect after scientific planning, design
and implementation.

By contrast to widely applied wind power and
photovoltaic energy, application of geothermal energy was
limited in China. Until 2014, shallow geothermal energy
witnessed a small peak of application. Ministry of Land
and Resources also began to strengthen exploration of



geothermal resources to positively make preparations for
application of geothermal resources in the "13th Five-Year
Plan Period" and in future.

According to the information,smokeless city - Xiong
County was the first one to adopt geothermal energy for
heating instead of combusting coal in North China in 2014.
Geothermal central heating area in Xiong County was
2.4 million m?, accounting for 90% of central heating area.
Besides, shallow geothermal energy and low-medium
temperature geothermal resources were used to build
a distributed geothermal heating and cooling system
in southern district, which provided solutions for winter
heating and summer cooling.

"Geothermal energy includes high temperature,
medium temperature and low temperature. High-
temperature geothermal energy featuring water and
temperature of above 150°C can be used for generating
electricity; medium-temperature geothermal energy
featuring temperature of 90~150 °C can also be used
for generating electricity, with low power generation
efficiency; low-temperature geothermal energy featuring
temperature of 25~90°C is mainly for cascade use like
heating, bath and cultivation (greenhouse cultivation,
agricultural cultivation and fishery breeding)."

In addition, Zheng Xiuhua told reporters that there was
another geothermal energy located "under your feet".
She explained that the temperature would not be below
zero (namely non-freezing stratum) at about 1~1.5m
under the ground; it was constant temperature zone at
15~30m under the ground and the temperature was
close to or 1-2°C higher than mean annual temperature
in the region. For example, if mean annual temperature
is 13°C in Beijing, the temperature at tens of meters under
the ground is about 15 “C . Temperature difference
between ground surface and tens of meters under the
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ground provides good cold and heat
source for winter heating or summer
cooling by geothermal energy. And the
geothermal energy are not subject to
regional restriction and can be used in
south and north.

More serious haze is generated
and the impact is beyond people's
imagination. Determined pollution
sources are forcing human to adjust
structure of energy consumption.
Ministry of Environmental Protection
made it clear that the coal proportion
would be gradually reduced, and non-
fossil energies such as hydropower,
geothermal energy, wind energy, solar
energy and biomass energy would be
developed greatly.

It was reported that, in order to
promote industrial development
and compile national energy
development planning of the "13th
Five-Year Plan Period", National
Energy Administration had entrusted
Geothermal Energy Society of
Chinese Energy Research Institute
to study development, utilization
as well as industrial development
for shallow geothermal energy.
Preliminary conclusions showed that
newly completed geothermal heating
area was 950 million m? and the area
of ground source heat pump newly
increased is 700 million m? during the
"13th Five-Year Plan Period".
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Operating Examples of “Shallow Ground Energy

Heater” in Rural Areas
Author: Liu Baohong ( Hongyuan Shallow Ground Energy Heater Technology Co., Ltd )

1. Introduction to “shallow ground energy heater”

The “shallow ground energy heater” is a kind of non-burning shallow ground energy
effective heating system with electricity substituting for coal, which can supply heating
in an intelligent manner; it can provide heating in winter and cooling in summer for
buildings by carrying the relatively constant shallow shallow ground energy.

( | ) Sketch map of “Shallow Ground energy heater” in four rooms

shallow
ground energy
conveying and
lifting module

Room 4

Energy storage
tank shallow ground
Buried-pipe energy collector
shallow ground
energy collector

For the “shallow ground energy heater”, each room is equipped with a set of independent
system, which can be operated by remote control unit and automobile mode, during its
operation, there is no combustion process, effectively lowering the pollution of carbon
dioxide, sulfur dioxide, nitric oxide and smoke particulate matters, therefore, it greatly helps

to protect environment; users can operate it easily, meeting the individualized demand of
rural users and saving usage cost.
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( Il ) Complete sets of standard configuration of “shallow ground energy heater”

Nur:fber shallow ground Heating Load and
Rooms energy heater Power Distribution

For “shallow ground energy Eé%t%rgﬁ\e/\?tmg

’ heater in one room” , heating Power- distribution
and cooling, indoor horizontal 1 AKW-
unit Power line 2.5 (220V) .
For “shallow ground energy %ézte;nygvr\}gatmg

> heater in two rooms” , heating Power distribution
and cooling, indoor horizontal or 2 DKW:
NG Ll Power line 4 m’ (220V ) .
For “shallow ground energy .
heater in one room” + “shallow %éztirg gss\t/'hg

3 ground energy heater in two [ distribhtion
rooms” , heating and cooling, 3 AKWV:
indoor horizontal or hanging waer ]ine 4nt (220V)
unit. :
For “shallow ground energy .
heater in two rooms” + “shallow Eézti?;\iﬁt'ng

4 U EIEIER NSEIEL 7 U0 Power distribution
rooms” , heating and cooling, 4. 5KW:

indoor horizontal or hanging
unit.

Power line 6 m* ( 220V )

Installation Description

1. Modular design, standardized
construction;

2. Individual shallow ground energy
collector for each user, buried under
the shallow ground, not occupying the
effective area, in rural area, the outdoor
area can satisfy location requirements.
3. Compressor can be placed outside,
special room is not necessary;

4. Indoor unit is installed similar to
family split air conditioner;

5. Power is in centralized configuration,
no sockets in the room;

6. The turn—-key product installation can
be finished within 3 days;

7. Complete sets of equipment can

be installed smoothly, the operators
and project service provider are the
sole liability subject, conforming to the
heating guarantee concept.

2. Operating Example of “Shallow Ground
Energy Heater” in Rural Areas

It will mainly introduce the shallow ground
energy feeding temperature, indoor heating
temperature and energy consumption in
operation for two shallow ground energy
heater heating supply projects in Qiwangfen
Village and Tundian Village, Haidian District,
Beijing.

( 1 ) Qiwangfen Village——new
building project

Qiwangfen Village locates at northwest of
Haidian District and in the middle of Mountain
Yangtai, it was awarded as "most beautiful
village" in 2011 and 2012. At the end of 2015,
full sets of system products of "four-room
shallow ground energy heater" were adopted
for 150m” house type to supply heat for

50

Appearance of 150m’ house

Main machine
for 150m’ house

Indoor heater for 150m’ house



farmers' new houses in very cold weather.

The building is composed of two storeys above
the ground, parameters of building envelope:
shape coefficient is 0.561, area ratio of window
to wall: south 0.25, east 0.11, north 0.09, west
0.1, main building envelope roof 0.425, outer
wall 0.45, outer window 2.4, outer door 2.4,
belonging to the energy saving house which was
newly built or rebuilt.

Curve of daily power consumption
160

120
80

40

— Daily power consumption

Curve of shallow ground energy,
air energy and indoor temperature

in

— Indoor  — OQutdoor temperature ~ — Feeding
average (air energy temperature) shallow ground
temperature energy temperature

(1) Operating data curve chart

(2 Analysis on operating data

1.Total power consumption: since put
into operation on Jan. 24, 2016, totaling
28 days from Jan. 24 to Feb. 20, the total
power consumption was 1930KWh, daily
power consumption was 68.9KWh. During
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temperature rise of new house, the
system was set at 32 ‘C (no shutdown),
the daily power consumption was high,
150KWh—100KWh. After the system is
in normal operation, the system is set at
20—24 °C , daily power consumption is
70KWh—40KWh.

2.Analysis on system power
consumption: from Feb. 1 to Feb. 20,
totaling 724KWh power was consumed,
the shutdown period after reaching the set
temperature accounts for 50%—70% of

First— Second-

First— First-
. storey storey
Installation storey storey south north

location T(:‘(I,r,ﬁ] 'r'(‘,'(',",ﬁ dining dining
room room

Daily power
consumption 10.47  11.36 7.68 9.52
(KWh)

total period.

Remarks: first-storey living room + dining
room 38m?, first-floor south bedroom 17m?, first-
floor auxiliary room (toilet, kitchenm, stairs) 36m?,
second-floor southeast bedroom 15m?* second-
floor southwest bedroom 12m?, second-floor north
bedroom 15m?, second-floor auxiliary room (toilet,
stairs) 17m?, all rooms are not equipped with
doors, for the rooms not equipped with units, the
temperature rise by hot air circulation.

3.During temperature rise of new house:

1.9 days (46 hours) later since the system
was put into use, the room temperature
will rise from 3°C and 1°C to 22.6 C and
19.4 °C respectively in first floor and
second floor.
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4.During normal operation period: the system is
set at 20°C —24°C , the room temperature can be
kept at 18C —23C .

5.shallow ground energy temperature: constant
temperature 12.7—14.6°C .

(@ Calculation of electric charge during heating
season

Qiwangfen Village project started at very cold
weather to supply heating for new houses, the
test data are based on continued heating supply
and constant temperature in every room. Actually,
people will adopt intermittent heating as per
resident population and area in different rooms
to lower actual expenses. The following is cost
calculation at different situations:

1.Continued supply for all rooms

If the heating is supplied for all rooms during heating
season of 125 days, the daily power consumption
during the coldest period of 35 days is 65KWh, and
that during other period is 50KWh, the average daily
power consumption is 54.2KWh, then the total power
consumption in a heating season is 6775KWh.

2.Behavior energy saving

If users adopt behavior energy-saving heating,
namely open the "shallow ground energy heater" in
the room where people stay. Calculated on heating
for half of the rooms, the average daily power
consumption is 33KWh, total power consumption in
a heating season is 4125KWh, saving 30%—40%
power by behavior energy saving.

3.Heating cost

The power consumption in a heating season for
a household is 4125—6775KWh, electric charge is
1724—2832 yuan, unit price per square meter for
heating charge is 11.5—18.9 yuan/m®.
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(1) Tundian Village—existing

building renovation project

Tundian Village locates in Xibeiwang
Township, Haidian District, Beijing, Liu
family house is one storey built in 2003,
with heating area of 266m2.The house
has common rural residence building
envelope, 240 wall body and monolayer
glazed window.

(1) Before renovation

A coal-fired boiler + radiator is adopted
for heating, the indoor temperature can
be at 15—18°C , the environment in boiler
is worse, some space shall be reserved in
storehouse to pile the coal, 8 tons of coal
can be burned per year, totaling 11320
yuan of heating cost, among which, 6520
yuan is paid by user, 4800 is supported by
the government. The user need handling

coal cinder once every three days,

Coal pile before renovation



Radiator in living room before renovation

therefore, the physical labor is heavier.

(2) After renovation

This year, it will adopt two sets of 4-room
shallow ground energy heaters for heating
(cooling), the heating temperature will be

Plane layout sketch map of two sets of 4-room
shallow ground energy heater

Outdoor Indoor
Legend B heater | heater
i e o | 1 e gl i o
Bedroom ' Boiler
l Bed Living Bedroom room
¢ room room
— X et
| Bedroom |
Living Y s
room f 7 [
—[ Depot
Storeroom | Enclosed yard
1
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The host heat pump after transformation (installed
in original boiler room)

The host heat pump after transformation
(installed outdoors)
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(1) Operating data curve

chart

@ Operating data
analysis

1. Total power
consumption: since put
into operation on Feb.
24, 2016, the total power
consumption of 21 days
from Feb. 24 to Mar. 15
was 769KWh, average
daily power consumption
was 36.6KWh, the number
of heating rooms is 1—8,
above 20C . the period for four rooms
on average accounts for

Curve of daily power consumption about 76%_

100 2.Normal operating
phase: the system is set
at 20C —22C , the room

temperature can be kept
at 18C —21TC .
3.Feeding shallow

0 O R G T e e e ground energy
FLLL T ETRTESSTEPFILEE temperature: the shallow

The indoor unit is installed in the living room, bedrooms, bathrooms

8 &8 8 8

~ Daily power consumption ground energy feeding
temperature is 10—15TC .
it energy and indgor temperative @ Calculation of electric

charge

25
20 N s During the test, the

indoor and outdoor

J —— average temperature
" difference is calculated
by recording outdoor
and indoor real-time
temperature, based on

N A A A S
the outdoor average
_'0 Oy
= Outdoor temperature e IndlOOF —— Feeding temperatu re of -1.6 T of
(8l eneroy temperae) femperature o e Beijing heating season, to
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calculate the average daily power consumption for household during heating season.

Design

Real- Real- Indoor - . Daily
Nurgfber Total Power [Pl i e el madr?c? ' Cofrar:t%t;on power
Test Heatin Test Hours GRS consumption outdoor indoor outdoor GGl of consumption
Duration Ro omsg (hour) (Kwr?) per average average temperature temperature power after
(sets) hour (KWh) temperature temperature difference dEmeD | cne st correction
(c) (c) (c) ) e (KWh)

Feb. 24

8208 2167 91 4199 05 181 176 196 111 112.24
16:00

Mar. 1

N4 6 112  1.867 5 185 135 196 145  65.04
17:00

Mar. 2

e g 4 3.4 0.850 105 18.2 77 10.6 255 5193
16:10

Mar. 3

il 5 35 0.700 10 18 8 10.6 245 4116
17:00

Mar. 4

oor 4 23 0.575 8 20 12 10.6 163 2254
17:00

The daily power consumption based on the number of heating rooms is as follows:

Heating expenses within one heating season when a user adopts “shallow ground
energy heater”:

If 8 rooms are heated, power consumption per day is 112KWh. The total power
consumption within one heating season is 14029KWh, expense is 5864 yuan, unit
price for each square meter is 22.0yuan/m®. Actually, users adopt behavior energy-
saving heating, namely open the "shallow ground energy heater" in the room where
people stay, then the heating expense will reduce.

If 4 rooms are heated, power consumption per day is 65KWh. The total power
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consumption within one heating season is
8130KWh, expense is 3398 yuan, unit price for
each square meter is 12.8 yuan/m’.

If 3 rooms are heated, power consumption per
day is 52KWh. The total power consumption
within one heating season is 6491KWh,
expense is 2713 yuan, unit price for each
square meter is 10.2 yuan/m’.

If 2 rooms are heated, power consumption per
day is 41KWh. The total power consumption
within one heating season is 5145KWh,
expense is 2150 yuan, unit price for each

Power

Number Average consumption Total Unit price
of heating  daily power within electric  per square
rooms consumption a heating charge meter
(room) (KWh) SEEGEn (yuan)  (yuan/m?)
(KWh)

8 112.2 14029 5864 22.05
4 65.0 8130 3398 12.77
3 51.9 6491 2713 10.20
2 41.2 5145 2150 8.08
1 225 2812 1175 4.42

square meter is 8 yuan/m”.

It is summarized as follows:

Heating by “shallow ground energy heater”
can start or stop as per demand or rooms,
the behavior energy-saving effect is apparent.
According to the users’ different usage habits
and heating demand, the actual heating cost in
one heating season is 1175—5864 yuan, unit
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price is 4.4—22 yuan/m?, saving
above 656 yuan compared to
coal-fired heating.

3. Conclusion

The shallow ground energy
heater is mainly powered by
shallow shallow ground energy,
based on the test monitoring
data, the shallow ground energy
temperature is relatively stable
and won’t drop along with
outdoor temperature drop. Even
if in the severe cold weather,
the heating amounts can be
guaranteed, more stable and
reliable. The heating cost for
energy-saving building newly
built in rural area is 11.5—18.9
yuan/m?, that for rural existing
building is 4.4—22 yuan/m®. The
electric charge for a household
in one heating season is lower
than coal-fired cost, while
temperature rises, and the
shallow ground energy is clean
and safe, therefore, it is favored
by users.

The product can be
independently operated in
each room, facilitating the
behavior energy saving to save
operating cost and meeting the
habits of “use economically” for
rural users. In rural “substitute
electricity for coal” heating
mode, the first issue is to lower
operating cost which can be
borne by rural users, and the
shallow ground energy can be
the first option for them.

(Note: average electric charge is
0.418 yuan/KWh, off-peak electricity
charge 0.3 yuan/KWh for 9 hours,
and fair price electricity charge
0.4883 yuan/KWh for 15 hours).
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