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Reinforcing the Efforts

to Promote Development
of the Emerging Industry
of Ground Source Energy

System for
Combustion-free
Integrated Heating and
Cooling

by—EXxperts Group of
China Ground Source Energy

For more than ten years, the Ever Source
Science and Technology Development
Group Co.,Ltd (HYY Company) together
with a number of emerging enterprises
keeps exploring the shallow ground source
energy application technology. Up to now,
buildings of more than 10 million m” are
heated and cooled with the shallow ground
source energy. As a result, the shallow
ground source energy successfully becomes
a substitute heating energy to replace
traditional coal-fired heating. The shallow
ground source energy application industry
keeps booming as an emerging industry
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for integrated combustion-free heating and

cooling.
l.Introduction:
1.Shallow Ground Source Energy (Heat)
Shallow ground source energy is a low
grade heat under 25 C (a legal benchmark
to define low-grade heat energy), mainly
reserves in soil, rock and various waters,
including rivers, lakes, sea, residue water,
mid-water and waste hot water.
2.Commercialization of Indigenous
Technology
The collection technology of single well heat
pump system with circulation heat exchange



as the core and indigenous technology to

realize integrated heating and cooling with
ground source energy has been widely
commercialized with scale application. With
the technology, ground source energy in
any geological conditions can be collected
in a pollution-free manner at a relatively
constant cost. The collected ground source
energy with the help of the mature heat
pump technology can be used to provide
heating for buildings. By consuming a small
amount of electricity at certain cost, the
system can extract a great amount of free
natural energy for recyclable utilization via

RHAEER
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a dynamic process of heat exchange. The
whole production process being free from
pollution and emission has achieved graded
utilization of energy for heat production at
equivalent cost of tradition heating method.

II.LAdvantages of Using Ground Source
Energy to Provide Heating and Cooling in
an Integrated Manner

1.Environment Friendly

Using Ground Source Energy to Provide
Heating and Cooling in an Integrated and
Combustion Free Manner is an effective way
to practice ecological construction, promote
upgrading of heating industry and explore
ways for China to cure the air pollution,
especially the smog.

An important cause of smog is the low-
altitude discharge of wide-ranging and large-
amount pollution by fuel-burning heating for
buildings. Therefore, when encountered with
certain climate conditions, it can easily lead
to smog. The system can help to eradicate
the root cause of smog and air pollution.

2.Technically Advanced

The core technology of the integrated
heating and cooling with ground source
energy is the single well collection and
heat exchange technology. The Intellectual
Property Right of this technology is fully
owned by the HYY Company.

3.Competitive Cost

a.Initial Investment

Initial investment of the integrated heating
and cooling system is similar to that of

11
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the centralized air conditioning system. It
therefore can provide heating, cooling and
domestic hot water with one system installed
without incurring any additional cost on the
construction.

b.Operational Cost

The system uses ground source energy
as a substitute energy for heating and its
operational cost is just 25% of the traditional
heating cost. In term of cooling production,
the system’s energy cost is 15-20% less
than traditional centralized air conditioning
system. Besides, by circular use of heat, the
system can provide domestic hot water as a
by-product. If used for domestic hot only, the
power consumption is merely 12 kWh per
ton of water.

4.0Operational Advantages

Traditional heating systems burn coal,
oil or gas, therefore cautions are required
to prevent fire and explosion. In contrast,
once electricity is secured, the combustion-
free heating with ground source energy is
not only users friendly, but also safe and
reliable.

5.More Standardized

In order to achieve a fully commercialized
development, there must be a set of
standards to follow. The Beijing local
standard "The Technical Code for Single
Well Circulation Heat Exchange Geothermel
Energy Collection"(DB11/T935-2012) has
become effective as of April 1st, 2013. This
manifests the commercialized development
of the indigenous technology.

12

The HYY Company under strict scrutiny and
examination has passed many international
standard qualification such as the 1ISO9001,
ISO14001 and OHSAS18001 etc..

6. Industrial Chain Production

The HYY Company is push forward the
ground heating industry in a group-oriented
way backing up by professional technology
research and development. It is endeavored
to maintain the merits of traditional heating
industry and to apply energy products that
best suit regional needs. The Company
also tries to set up a community-based
service network to provide safeguard to
the secured operation of district heating.
As such, the Company has formulated a
main production chain composed by R&D,
Ground Source Energy Collection, System
Design, Machinery Manufacturing, Engineer
Installment and Maintenance, so as to
provide a package solution for its clients in
using ground source energy for clean and
integrated heating and cooling.

7.Advanced Products

a.Urban Heating Station for heating in
emerging cities, i.e., “HYY Dispersed
Ground Source Station for Heating and
Cooling of 5-900MW” . Such station can
provide heating, cooling and domestic hot
water for buildings of 0.1-15 million m® in a
combustion-free manner.

b.Independent Heating System for Single
Buildings or Blocks: “HYY Ground Energy
Heat Pump Environment System”. This
system can saturate heating, cooling and



domestic hot water demand of 2000-500,000
m? building areas.

c.Individual Heating Equipment for
Rural Residence: “HYY Ground Source
Heating Devices ". Such device can meet
differentiated heating needs at low energy
cost. It can provide heating, cooling and
domestic hot water for buildings areas of 50-
2000m? .

Ill. Achievements Made in Industrial
Development of Integrated Heating and
Cooling System of Ground Source Energy

Combustion-free Integrated Heating and
Cooling Systems have been applied in more
than 10 million m? throughout the country,
which is likely to set up a dispersed ground
source station for cooling and heating of
780MW. Compared to boiler heating, the
system has saved 975 million kWh power
(=0.373 million standard coals), avoided CO,
emission by 943,000 tons, SO, by 8900 tons,
NO, by 5900 tons, particles by 16000 tons
and smoke by 5.02 billion m®. It simulates a

AEAEE R
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virtual power plant of 580MW, and spares
about 2.3 billion yuans’ investment of a
thermal power plants.

Ever Source Science and Technology
Development Group Co., LTD (HYY
Company) located in Beijing is the
technology and industrial development base
of the China Ground Source Energy Industry
Group (HKEx Stock Code:8128, China
Ground Source Energy) affiliated to China
Energy Conservation and Environmental
Protection Group.

Under the integrated leadership of both
Beijing and Hongkong management, the
HYY Company has been devoted to science
and technology development and promotion
in shallow ground energy application for
building heating, engaged in industrialized
expansion of independently developed
technology; involved in upgrading traditional
heating industry into clean and combustion—
free heating with ground source energy; and
committed to ecological construction and
radical treatment of air pollutions in China.
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Circular on Composing and Making Plans
on Ground Source Energy Development
and Application Issued by National Energy
Administraion and Mimistry of Land and Resources

On July 10th, the official website of
the National Energy Administration announced
that in order to promote rational and orderly
development and application of ground source

energy, the Policy Department of National
Energy Administration and the General Office
of Ministry Land and Resources jointly issued
the Circular on Composing and Making Plans
on Ground Source Energy Development and
Application, which requires all local governments
to compile their plans in developing and utilizing
ground source energy and submit the plans to
the two ministries by the end of this December
and a copy to the National Technology Research,
Application and Promotion Center of the
Geothermal Energy Development and Utilization
and the Geothermal Survey and Research Center
of China Geological Survey Bureau.

As required in the Circular, all local governments
shall collect and compile exploration data and
evaluation results and conduct comprehensive
research in their respective features of ground
source thermal energy and market demands for
heating and power, so as to compile the plans for
developing and utilizing ground source energy. The
plan shall articulate development objectives, task

priorities, regional distribution and development
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sequences, and propose feasible measures to
ensure smooth development and promotion of
ground source energy utilization.

It is clarified in the Circular that ground source
energy development and utilization in the near
future shall focus on using shallow ground
thermal for heating and cooling and medium-to-
deep thermal for heating and comprehensive
applications. Areas that possess high-
temperature geo-thermal energy can promote
geothermal power generation. In the long run,
more efforts shall be given to enhance the
comprehensive utilization of ground thermal
energy and promote power generation industry
using medium-temperature geothermal energy
and rock thermal energy.

It is proposed in the Circular that based the
already achieved exploration and evaluation
works on geothermal reserves, local
governments shall select a batch of integrated
geothermal heating projects in key areas, scale
up the promotion of utilizing shallow ground
thermal energy, build demonstration zones for
ground source energy application, and formulate
commercial development and promotion
modality that suits best the local conditions for
ground source energy application. In addition,
thermal power plants shall be built in areas rich
in high-temperature geo-thermal resources,
and technology and industrial demonstration
zones shall be encouraged to promote power
generation with medium-temperature ground
source energy.

In the meantime, local governments
shall reinforce their coordinating efforts in

PREIN
HOTSPOT INFO

development and utilization plan of ground
source energy, regional energy plan, urban
heating provision plan and urban construction
plans. Itis required that the development plan of
using ground source energy to provide heating
for buildings shall be integrated into the entire
urban heating provision system. There shall
be clear demarcations on heating districts and
prices, and ensured support to the development
and utilization of ground source energy in
urban infrastructure construction and in capital
financing.

In the Circular, local governments are also
asked to formulate rational administrative
arrangements based on their respective realities
to ensure smooth development and application
of ground source energy featuring easy
procedures, clear labor division and forceful
supervision. Approval procedures shall be
further streamlined with more decentralization
of administrative power so as to enhance
efficiency in management. More intensified
efforts shall be given to the supervision on
project operation and environment protection
by setting up monitoring system and perfecting
equipment inspection certification system.

The Circular also alludes that local governments
can integrate their ground source energy
development plan into their overall urban heating
system and accommodate the development and
utilization plan of ground source energy to
their action plans of constructing “new cities,

new energy and new lifestyle” in their efforts
to build new energy demonstration cities and
green energy counties.
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PROJECT SHOWCASE

Design and Operational Summary on the
Temperature Control System of the National
Centre for the Performing Arts’

Landscape Pool Project

—— By Dagqiu Li, Xuezhi Wang

I.Overview of the Project of 15000 m°. In order to prevent the pool

The National Centre for the Performing Arts water from freezing in winters and microbial
locates west to the Great Hall of the People, breeding in summer, it is necessary to heat up
with a total of 220,000 m? building areas. waters in winter and cool it down in summers.
Outside of the theatre, there is an open-air To meet the purpose, the HYY Ground
pool of 35000 m” that normally holds water Energy Heat Pump Environment System is
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used. The HYY machinery room is connected
with the pool water treatment station. There
are four station rooms including Northeast,
Northwest, Southeast and Southwest station.

[I.System Design

1.Design Parameters

The lowest but non-freezing temperature
for the pool in winter is 1.5°C and the highest
temperature of the pool in summer is 28°C .

Heating load in winter shall consider the
heat loss caused by evaporation of water

52

surface and movement, by exposure of
water to air, and by contact of water with
walls and bottoms, as well as heat gain from
its special location over the garages and
from sunshine etc.

Based on load analysis and calculation, the
heating load of pool in winter was designed
to be 11340kW or 324W/m?, and the cooling
load in summer was 10325kW or 295W/m?.

The crucial part in designing the project
was to analyze and calculate the heating

load. There was no reliable modular in
calculating heat losses of outdoor pool water




surface. To solve the problem, we made
reference to the calculation methodology of
heat loss of indoor swimming pool and came
to a primary estimation of the installment
capacity. At the same time, the Company
built a simulation pool and captured all the
statistics by monitoring the simulation pool.
Based on data analysis of the simulation
pool, the initial design was adjusted.

2.Source of Heating and Cooling

There are multiple ways and sources to
power the heating system of the Landscape
Pool of the National Centre for the Performing
Arts, such as Urban Heating Network, gas-
fired boilers and shallow ground source
energy. However, a general economic and cost
estimation showed that the operation costs
of using urban heating network and gas-fired
boilers were too much higher than shallow
ground source energy. As such, the project was
finally decided to apply the HYY Ground Source
Heat Pump Enviroment System with Single-
well Heat Exchange Circulation and designed
to use the ground source energy to heat up the
pool water.

Using shollow ground source energy to power
the heating system of the Landscape Pool is
highly cost effective and energy conservative.
In winter, the water temperature is 1.5C,
whereas the shollow ground source heat is 12°C.
Therefore, the well water from underground can
directly be used to heat the pool water and free
it from freezing since its temperature is much
higher than the pool water. In summertime, the
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temperature of pool water is 28°C while the
ground source energy is 15°C. The underground
well water then becomes a naturally cooling
source for the pool water.

3.Heating and Cooling System of the
Landscape Pool

The pool water is cooled down by
transferring its heat resulted from sunshine
through heat exchangers to the underground
water which is 12°C in summer. Similarly, in
winter the pool water is heated by gaining
heat from the underground water. As such,
an environment-friendly cooling and heating
circulation system is formulated.

1)To Decide the Number of Single-Wells
Needed

Heating load of the Pool in winter is

11340 kW and cooling load in summer is
10325 kW. In the HYY Ground Energy Heat
Pump Environment System, a standard
single well is structured as 800mm wide
in the borehole, 500mm wide in the tube,
85m deep and DN100 for the diameters of
water production and injection pipes. The
performance parameters of a standard
single well shall be of 100t/h in water
circulation, temperature difference of 5°C for
water production and injection, heating
or cooling capacity of 600kW. As a result,
the project was designed to build 18 single
wells.

2)Layout of Single Wells and Master
Machines

Since there are four stations for water
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circulation and treatment and circular
amount of each station is fixed, the working
performance of each station is largely
decided by the water circulation amount it
has. Therefore, in designing the layout of
single wells and machinery installments,
circulation amount of each station is the
main factor.

Northeast Station: 6 single wells and 3
sets of HT760 Master Machines of Heat
Pumps; Northwest Station: 6 wells and 3
sets of HT760 Master Machines of Heat
Pumps; Southeast Station: 3 wells and 1 set
of HT760 Master Machine of Heat Pumps;
Southwest Station: 3 wells and 1 set of
HT760 Master Machine of Heat Pumps.

lI.The Effect of System Operation and its
Effects in Energy Saving and Emission
Reduction

1.System Operation

The heating system of the Landscape
Pool in the National Centre for the Performing
Arts started its test operation on Nov. 25th,
2007. The first full operation was from Dec.
14, 2007 to Feb. 23, 2008. Viewing from
the operational performance in one winter,
it is proved that the designed heating load
of the project and other related parameters
are reliable. And the designed number
of single wells and master Heat Pumps
can fully saturate the normal need of the
operation.

When designing the heating system of
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the Landscape Pool, there were no ready
references to follow. It is different from
traditional heating systems. Therefore,
we have designed several scenarios of
operation and adjusted along with test
operations.

Full operation of all wells and machines:
most unfavored scenario (in coldest season
of Beijing)

All machine and partial wells: in nighttime
of non-cold season (one machine works
with one well and all the rest wells stop
working).

All wells and no machine: in non-cold
season. This scenario is the most economical
and energy conservative.

Based on the above three scenarios
assumptions, we conducted a 40-day test
operation to the heating system of the
Landscape Pool. In consideration of the
weather and wind velocity of the days and in
order to make sure the pool water free from
freezing and the system operate in a safe,
smooth and economic manner, we tested the
above three scenarios and make comparison
and analysis. To better accommodate the
climate conditions, take the advantage of off-
peak electricity, reduce energy consumption
of heat pumps and realize intermittent
operation of system, the economical
operation plan in wintertime was made as
follows:

71 days with average daytime temperature
lower than 1.5°C (December 14 to February
23 in the following year).



2.Operation Schedule in Winter

When the temperature in daytime is higher
than 0°C , submersible pumps work and
machines stop, so that the system enters
into the best energy saving mode.

Our Company started to monitor the water
temperature since December 14, 2007 by
setting up ten monitoring spot in the pool, i.e. 3
each in Northeast and Northwest and 2 each
in Southeast and Southwest. The data was
collected 7 times a day. Viewing from 40 days’
record of water temperature, it showed that in
early and mid December, the water temperature
was comparatively high and might go as high
as 13°C, and in late December to mid January,
the water temperature lowered and the highest
could be 9.95C. In addition, the record also
showed that the average water temperature in
the Southeast and Southwest part of the Pool
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was 5.55C, whereas in the Northeast and
Northwest it was 5.12°C. Water temperature in
the Southeast and Southwest part was higher
than that of the Northeast ang Northwest part.

The total power consumption of the
heating system of the Landscape Pool in
the National Centre for the Performing Arts
in one winter season was 1.45476 million
kWh (based on data of 71 days from Dec.
14, 2007 to Feb. 23, 2008), and the average
power consumption for heating by water
surface area is 44.11kWh/m?/season. In
the breakdown, power consumption of
Northeast Station is 502,800 kWh or 45.51
kWh/m?/season; Northwest Station 520,800
kWh or 47.14 kWh/m?/season; Southeast
Station 217,080 kWh or 39.88 kWh/m?/
season; Southwest Station 214,080 kWh or
39.33 kWh/m?/season.

Conditions
(outdoor Duration
Temperature)

24 hours 00:00-24:00

156:00-10:00

iAol in the next day

0 hours

Duration When

temperature
difference
24 hours 00:00-24:00 is within
4C , the
system will
automatically
decide
number
of pumps
17:00-10:00 working
in the next day

24 hours 10:00-15:00

17 hours
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The statistics of Beijing Weather Forecast
in the 20 years from 1982-2002, the winter in
1984-1985 was the coldest one with average
daytime temperature being -3.72°C and 71
days lower than 1.5C.

Heating load of the Pool in winter is 11340.57
kW and heat consumption by the Pool in winter
is totaled at 14.0295 million kWh, equaling to
1720 tons of standard coal.

IV.Conclusion

The heating system operation of the
Landscape Pool of the National Centre for : o

e

the Performing Arts in winter proves that the
HYY Ground Energy Heat Pump Environment
System has successfully ensured that the pool
water is free from freezing in the freezing cold
conditions. The system design is successful
and its operation is reliable.

The system is highly cost effective. The
power consumption per unit of water surface
is merely 44.11 kWh/m?/season and the
operation cost is just 22.05 yuan/m?/season.
If gas-fired boilers were used, the cost would
have been 61.2 yuan/m?/season, nearly three
times higher than the HYY system.

Reduced Smoke Reduced | 56, Reduction [NOxReduction|  cO,
Reduction Particles :

Fuel (million standard Emission Reduction
(SCE) (tons)

m?) (tons)
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Shallow Ground Energy
and Heat Pumps

1. Heat Pump

Heat pump is the equipment that can uplift
low-grade energy into high-grade. It works like
an elevator in a building, lifting the workers
at the first floor to the tenth to do the chores
there. The elevator helps to achieve position
in a way irrelevant to workers' work.

Low-grade energy can be found everywhere,
such as heat in air, soil and waters. But due to
low temperature, such low-grade energy can
not be directly used to produce heating, but
only after upgraded by heat pumps.

Heat pumps using air as heat source is
called air source heat pump; that using water
as source is called water source heat pump;
that using buried pipeline combining with heat
pump is called ground source heat pump ;and
all that using shallow ground energy in rock
and earth mass as source is called ground
energy heat pump.

2. Working Rationale of Heat Pump

Refrigerators used by every household work

in the rationale of heat pump. The heat inside
the ice box needs to be moved out in order to
create a cool inside condition, therefore when
the ice box is running, the radiator gets warm.
Such a process is done by heat pump.
Heat pump is composed of four parts, namely
evaporator, condenser, compressor and
expanding valve. The working rationale is
shown in Chart I .

connect to

¢
31 T é % to release
low-grade heat b ) system
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— =~ £

S:S‘Df\ ,

/ | \
evaporator expansion compressor condenser
valve
Chart |

When heat pump works, the low-pressure
liquid in evaporator absorbs low-grade heat
and transforms into gas, which is changed
into high-pressure and high-temperature gas
by compressor. Such gas discharges heat in
condenser and turns into high-pressure liquid,
which is depressed by expanding valve.
Then, the low-pressure liquid reenters into
evaporator to repeat the process and thus
accumulates into high-grade heat to produce
heating for buildings.

The above working process shows that heat
pump takes in low-grade heat and produces
high-grade heat. Its function is merely to
upgrade energy positions.

Generally speaking, by consuming 1 unit
of electric power, heat pump can extract 3
unit low-grade thermal power and produce 4
unit high-grade thermal power. Performance
of heat pump is normally measured by
Coefficient of Performance (COP):

COP = Thermal output / Electric Power
Consumption of Compressor

As such, if low-grade energy can be
collected, heat pump is a highly efficient,
conservative and environmental way to uplift
the low-grade into high grade energy.
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Single-well Ground Energy Circular

Collection Technology

The Single-well Ground Energy Circular
Collection Technology takes advantage of
shallow ground water circulation as media
to collect ground source energy stored in
the shallow ground so as to provide reliable
and constant renewable energy to energy
escalators for its normal and smooth operation.

The Single-well Ground Energy Circular
Collection Technology is applicable in
almost all kinds of geological conditions. The
application may differ according to mobility of
underground water and permeability of soil in
certain geologies. Water flow varies in different
localities, and the system can be applicable
so long as the circulated water flow can reach
the minimum amount needed by the energy
escalation system for normal operation.

The Single-well Collection Technology
completely eradicates the possibility water
rejection failure in the process of continuously
extract thermal power from soil, because it
takes full use of the mobility of underground
water and permeability of the ground layer
to strike balance between water production
and rejection by installing a special energy
collection device inside the well, which 100%
rejection into the original place with same
layer can be achieved.

The Single-well Collection System is an
energy collection device with entirely closed
recirculation of water media. It consumes no

water, and therefore is by no means a water
collection device.

Many leaders and specialists are keenly
concerned about the pollution index and
the security of the system. So far, it has
been solidly proved by years of monitoring
conducted by competent authorities on
different applications that the system
doesn’t cause any contamination or
pollution to underground water since it
works as a completely closed circulation
system that heat exchange is done merely
through the heat exchangers installed
at the wellhead. And furthermore, as it
consumes no water at all, it won't cause
sediment movement, do any harm on
underground water table and geological
structure, and incur any implicit danger to
constructions.

In the applications, the wells for energy
collection are mostly located in areas that
are closest to the machinery rooms. When
identifying the location, factors like local
geological conditions and water flow direction
shall also be observed. Engineering period
of the Single Well of Geothermal Energy
Collection with Circulation Heat Exchange
is normally around 10-20 days which also
varies with local geological conditions and
engineering complexities and its service life is
over 20 years.

63




ERERS
CONTRIBUTIONS
WANTED

(rEMEE ) RRPEBERREED, ItETERREHEXE
(&) R RAMBEEZERSIRERERTH, FEBRFF AT, JUENA
Ho BMNPODFIRERABISHIEEREEIRHESEEIN, SibgeF ARt
REEEFE ; mRITE. FRE. ARREEZATE ; # XEHEE
ML, EBaR LA,

LEIFETSSREES, EETE, EREBHBIFAIIFTEER
HE= W N T BERERE AR . EILES T, BTILUBEE AR T,
BHMRBLS 0 ‘SHIER, BEHE. KRBt AVNEH. TARG.
BEEMIR AREN & RIE S8 .. ATHTIASE S AR,
FrLATERS A S EESRAEXITES , NSRRI A T 218F5. 1’iFks,
Eibee ) RESPERIE TR ERNBEINE, T
—. RHEX :

@ KBNAH WA, 1IIAERE. HIBNSE. BXESR.

® g BB FIRTSIEM word XSS, WEIRMTFR, SRR,
B . NEENEBERE. ABHE (200—300 FA4G ). X
IRIEEEAER (a8, IRSRIR. BKEMIE, BiE. BFpES ).

@ IWREXRBIIRBMG, ATIMFEXEN . BTN FEERINSEEDE,
WBEKE, BEEERBENEINHITIES

® ATIEIRBE, BRIRIME, BERBSE, BE 1 1MBREA
==

@ KEMAREEER, RIWE. BHEANNFARRHTA.

® IHTILE, BMIEEEFTIRISEN.

—. Mt - 300—500 o/ F=F

=, #WME: 28 15

M. BRFRIERE :

(FhEtbEE ) HiEED

Z2% 010-62599774

RFBHEFE - journal@cgsenergy.com.hk

64

& & e §%

CHINA GROUND SOURCE ENERGY



H::IFERElR

IEEPREERRRARRBIRSEAS) (B "HEER" ) REIEEPANRREEMISHEARL , AMATIBIRA—HEEZGRIW
HUSAHIHERENRRGRF S | LUBIRRERARORA | LIBERIRS MRRSE  FRIEREERSHEN , 25 UHBREBFLIEER , IEIE
"hEFEEERRSMHEE" .

4 . ‘ —~

HERPFYEEE
O 99 BR R 2 HE B

HEFABHNEFSMETEHER >

= At wi@i}. ; .

& A mEEsU KRR R HLADF R 51

¢ RAT KBRS TSN ARiezUEEY , BERLLS ;

® BHIFSEX , TERHSREEBIARI1400KW ; SHILEEE  ZENHEGRT
MNARBRENDFEETAED , EXES ;

® RALERFTARA  WRRE EENFRRIEEH, ESATFEHRSRARR

® BEISEERA , BMIBRSET7SSN;

® LEF[R, RMEHP  Haik.

IERPRIE R AR R RAREEAS) FBi% 1 010-62629426,62629427 AT soresEsmE
et : JEETEEER AUATES28 S AT ABEELLEE 100083 MU : www.he-energy.cn RN B\ R



HIBE 2 E5
(AR 5 T < e

N Vtemb-mimEEs VOEFRAE. THE. m50
RASHORESR W BERARE
W

2014

BRI RS

Mo (2 mEEy |

ERARHIRRER
MRER TR

it ARTERESTCOBS 10238
#R4i: 100093

E: 010-62592088 400-666-6168
f§E. 010-62503653

EH . dnrb@hyy.com.cn TEHUE & WhRE





