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

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

free heating and cooling with ground source energy; and in pioneering ways to improve ecological construction and curb haze in China.
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INTERPRETATION ON CHINA'S
ENERGY DEVELOPMENT STRATEGY

8&: =29 (REPMIEDEE
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T, AREEEUNE, BRES
RERBI<. 2010 F, FE GDP
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FR1ERHBERE (KIR: BPIFHMERSEIE)

2010 5.745  14.62 1.48 1.43 537  61.96
GDP_E{Z F (9.3%) (256%) (24%) (2.3%) (8.7%) (100%)

ES
(&%) 2011 7.299 15.09 1.85 1.68 5.87 69.66
F (105%) (21.7%) (2.7%) (2.4%) (8.4%) (100% )

2010 2432  22.86 6.91 5.24 5.01 121
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12%7T, FE GDP 528 GDP 82/ 9.3%.
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2432 CIM=EE, HEEHEKIRERLDE
19 20.3%, B{z GDP et 2008 FriHtt R
KR 2.2 15, EERY 2.86 &, HARI b 15,
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B2, BRRFIRBERBE 0% £4. B4
FENEERAXERN 3-41E, FET I~
mBEFELLESNFIIKFES 40% £hA. BEET
NEZRRNMUEIAKFEOR, E2ERBZE
SEra@, Ak, FEREmBTENIT.

SEERE T EERMRIRS (2013) I8E .
FERHEHTREERRERIEEFR, FEESE
7547, BITEEERMERIFMA=. SHELL
T, BIERSE 59, ENERSE 62 (iU,

LUE A FRUBEIRLEND , SIMBFRIPIRAAF]
BHRETFGRSEED - (NLURESAK CO,
HERORAI (IZE 2), 2Bk 20 MERETEN
WhmEF, FEMST 16 1. B 2005 &,
REER AT REHENE —KE, HMEIR 72
o, SEREBESEFIFRDE[019%. HE
[ RENXTEE, UBEHRET,

SiEFESARRERSIERS L&E,

EIRZESIK CO, HEMETE 2030 FLABNAZIIEE.

By GDP ZE& M ELL 2005 FE1E 60—
65%, IFHARERALNE 20% . BEDFEIESEE
Fl 2025 FHEELY 2005 FFib 26-28% .

RESECO, HHEMAERER

e e e e w

19956 | 8.7(12.4%) | 14.0(20%) 4.9(7%) 25(3.6%) | 3.04.3%) | 70.0(100%)
e | 2009%F | 704(23%) | 529(17.9%) | 153(5.2%) | 16.3(6.5%) | 109(3.7%) | 295.5(100%)
Co,
Hey = 20104 | 82.4(24.6%) | 54.9(16.4%) | 16.9(5%) | 20.7(6.2%) | 11.4(3.4%) | 335.0(100%)
rAr
0
(B%) | o013 | 103.320.3%) | 549(156%) | 18.0(5.1%) | 20.7(59%) | 13.6(3.8%) | 352.7(100%)
201442 | 110.0(33%) | 58.0(17.5%) | 20.0(6%) | 26.0(7.9%) | 14.04.2%) | 331.0(100%)

P (%iRRIR: EPFREEIRE IEAFIBP)
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LA 2010 F141,
ENES 7.8%. HREBFE™

ERERERIEREEE, SHRLSEN63%, FEE 48.2%, XEE 14.8%,
SH—FUULWPEHZEE.

FITTAMMAARE R RSN

2010 & 24.96 (69.2%) | 6.28 (17.4%) 1.44 (4.0%) 3.39 (9.4%)
2011 4 38.7 38.9 2717 (702%) | 6.50 (16.8%) 1.78 (4.6%) 3.25 (8.4%)
2012 & 40.2 41.2 27.55 (68.5%) | 6.84 (17.0%) 1.93 (4.8%) 3.90 (9.7%)
2013 & 41.7 42.4 2810 (67.4%) | 7.13 (17.1%) 2.21(5.3%) 4.25 (10.2%)
2014 & 42.6 41.2 28.12 (66% ) 7.29 (17.1%) 2.43 (5.7%) 4.77 (11.2%)
2015 & 43.0 39.7 27.52 (64%) 7.78 (18.1%) - -
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2 SEIERBEDEEE 42 {7
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(7) BHBESERE (%) 55.3 60 4.7] A

Bl R (%) 40 70 130] S
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BEEamrERE (%) 57 85 28] At

R
(9) BRALSTZRMNER (%) - . >65 | wEE
(10) SHERADTIZHEER (&) 1023 108 057 | s
(1) BEEERERL AL (FA) - | [>s50000 | T
(12) REBEADBE (BA) - — 5575] | st
(13) BARERMSEE (%) 82 9 8] At
(14) HERBPRIEESS (FE) - . pooo] | st
(15) ASFERES (%) - — ) At

HIERE
(16) $HRER (127 18.65 18.65 0] et
(17) FFBERIB M (5 ) — | [<ame) | s
(18) 55 GDP FkETH (%) - — 23] sy
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Interpretation on
China's Energy
Development Strategy

Author: Cheng Ren (Former Deputy
Director of Energy Conservation
Center of the Commission of Science,
Technology and Industry for National
Defense; Director of Thermal
Engineering Laboratory of Harbin
Institute of Technology)

China has been through twelve “Five-Year
Plans” since the 1950s. Under the guidance
of the strategic policy of taking electricity
as the center and coal as the main body,
people's life has been improved, and the
national economy has been growing rapidly.
In 2010, China's GDP surpassed Japan’s,
ranking second in the world, and had made
great achievements in energy development.
In 2012, the State Council promulgated the
"China Energy Policy" White Paper,further
indicated China's energy development
strategy policy as: "energy conservation
priority, based on domestic, pluralistic
development, environmental protection,

12

scientific and technological innovation,
deepen reform, international cooperation,
improve people's livelihood". The “13"Five-
Year Plan” is a critical period of Energy
development and transformation, and is also
an important period of strategic opportunity.
Energy development strategy and energy
security have become more important to
ensure the prosperity of the country, the
people's lives can be improved, and the
society can be long-term stability.

I. China's Energy Revolution and
Development Strategy

In the 21st century, countries around
the world actively develop clean energy
to replace the traditional fossil energy, in
order to cope with the potential crisis of
the global energy and the deterioration of
the ecological environment. The world has
entered into the Energy Revolution Era of
Green and Low Carbon from the Steam
Engine Era and the Internal-combustion
Engine Era. The energy development
strategy of all countries should change and
transform according to the conditions. For
example, Japan focuses on developing
natural gas hydrate (i.e. combustible ice).
According to reports, the combustible ice
in the world is of huge reserves, which is
equivalent to more than twice the amount of
the conventional mineral energy.

U.S. President Barack Obama once said:
Those who masters clean energy and
renewable energy, will come out on top in
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Table 1 Comparison of Energy Consumption (Data: BP Assessment and the National Bureau of Statistics)

soro 5745 1462 148 143 5.37 61.96
(9.3%) (256%) (24%) (23%) (87%) (100%)
GDP Trillion USD (Proportion?
illln D) (oo i) sorq 7299 1500 185 168 5.87 69.66
(105%) (21.7%) (2.7%) (24%) (84%) (100%)
Total » 2432 2286 691 5.24 5.01
Primary . HundredMilion 2010 (2030%) (19%) (58%) (43%) (42%) '21100%)
Energy (Propo,ﬁgn%) o1 2613 2260 686 559 478 0.393
Consumptio (21.3%) (185%) (56%) (46%) (39%) (1/2.03)
Ten Thousand Tons of
Oil Equivalent / 463 162 426 356
Ener HundredMilion 2% (4/1) (1286) (1i09) (11.3) 103(15) 21(122)
9y USD(Ratio)
Consumption
er Unit GDP
8 T°|’}T°;f‘ﬁ1';%ifn§°a o011 0799 0336 0827 0745  0.182 0.393
(1) (124) (11.04) (1/0.93) (1/44) (1/2.03)

RMB (Ratio)

(Note: 1 ton of oil equivalent = 1.4286 tons of standard coal)

the new energy field in the 21st century
and become a hall of fame in the post oil
economy era”.

China's energy resources are limited, with
less oil, gas while more coal. China’s coal
resource reserve is less than Russia’s and
the United States’, it is equivalent to 60%
of the world average level, crude oil is of
10%, natural gas is of 5%. In recent years,
China’s economy has been “riding high”,
while the situation of energy consumption is
overwhelmed. There are three outstanding
problems in energy development: “excessive
consumption, excessive emissionand too
large proportion of coal (see Table 1, Table 2
and Table 3)”.

In 2010, China’s GDP (gross national
product) surpassed Japan’s, and became
the second largest economy in the world.
The International Energy Assessment BP
report data indicated that in 2010 China’s

GDP surpassed Japan’s with USD 5.745
trillion, while Japan’s GDP was USD 5.37
trillion, China’s GDP accounted for 9.3% of
the total global GDP. But China’s primary
energy consumption was the highest in the
world economy, which was 2.432 billion
tons of oil equivalents. China’s consumption
accounted for 20.3% of the whole amount of
global primary energy, in 2008 our energy
consumption per unit GDP is 2.2 times
of the world average level, 2.86 times of
America’s, 5 times of Japan’s, meanwhile,
also higher than Brazil, Mexico and other
developing countries.

China’s excessive energy consumption is
due to the low energy efficiency, the average
utilization rate of energy is only about 30%.
The energy consumption per unit production
value is 3-4 times of that in developed
countries, the energy consumption of major
industrial products is about 40% higher than

13
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that of foreign countries’ average level. The
main reason for the low energy efficiency
is not only the problem of technical level,
but also more of the problem of the energy
consumption structure. Therefore, the
energy revolution of China is imperative.

The research report (2013) of the global
energy industry efficiency indicates that in
the ranking of the assessment of energy
use efficiency in countries around the world,
China is the 75". The top ten are European
countries and New Zealand, Columbia etc,
South Africa is the 59", India is the 62",

The coal dominated energy structure is
extremely unfavorable to the protection of
the environment. According to the World
Bank Assessment Report, taking only
the emission of greenhouse gas CO, for
example (see Table 2), among the 20 most

polluted cities in the world, China accounts
for 16. Early in 2005, China had become the
world’s largest carbon emission country, with
emission up to 7.2 billion tons, accounting
for 19% of the whole amount of the global
greenhouse gas emission. China’s history
cumulative amount second only the United
States’, ranking second in the world.

At the Copenhagen International Climate
Conference Xi Jinping committed that
China’s greenhouse gas emission of CO, will
reach its peak before 2030, CO, emission
per unit GDP will be decreased by 60-65%
compared with that in 2005, the proportion
of non fossil energy will be 20%. Obama
committed that by 2025, the emission of the
United States will be reduced by 26-28%
compared with that in 2005.

The main reason of excessive energy

Table 2 Greenhouse Gas CO, Emission Top Five Countries

[ T ) I B

1995 | 8.7(12.4%) | 14.0(20%) 4.9(7%) 25(3.6%) | 3.04.3%) | 70.0(100%)
G’g:g'go“fe 2009 | 70.4(23%) | 52.9(17.9%) | 15.3(52%) | 16.3(5.5%) | 10.9(3.7%) | 295.5(100%)
Emission —
One Hundred | 2010 | 82.4(24.6%) | 54.9(16.4%) | 16.9(5%) | 20.7(6.2%) | 11.4(3.4%) | 335.0(100%)
Million Tons
H 0,
(Proportion %)| - 513 | 103.3(20.3%) | 54.9(15.6%) | 18.0(5.1%) | 20.7(5.9%) | 13.6(3.8%) | 352.7(100%)
2014 | 110.0(33%) | 58.0(17.5%) | 20.06%) | 26.0(7.9%) | 14.0(4.2%) | 331.0(100%)

(Data Source: International Energy Agency IEA and BP)

consumption and excessive greenhouse gas CO, emission in China lies in the irrational
energy consumption structure (see Table 3). During the “12" Five-Year Plan” (2010-2015),the

proportion of coal consumption in China is declining from 70% down to 64% of that in 2015.
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Taking only year 2010 for example, China and the United States were the world’s largest coal
consuming countries, accounting for 63% of the total amount of the world. China accounted for
48.2%, the United States accounted for 14.8%, and the India accounted for 7.8%. More than
half of the world's annual coal production was consumed by China.

Table 3 China’ s Energy Consumption Structure In “12" Five-Year Plan”

2010 24.96 (69.2% ) | 6.28 (17.4%) 1.44 (4.0% ) 3.39 (9.4%)
2011 38.7 38.9 2717 (70.2%) | 6.50 (16.8% ) 1.78 (4.6%) 3.25(8.4%)
2012 40.2 41.2 27.55 (68.5%) | 6.84 (17.0%) 1.93 (4.8%) 3.90 (9.7%)
2013 41.7 42.4 2810 (67.4%) | 713 (17.1%) 2.21 (5.3%) 4.25 (10.2%)
2014 42.6 41.2 28.12 (66%) 7.29 (17.1%) 243 (5.7%) 4.77 (11.2%)
2015 43.0 39.7 27.52 (64%) 7.78 (18.1%) — —

Il. “13" Five-Year Plan” and State Council’s
Energy Development Goals in 2020

The “13" Five-Year Plan” is the last “Five-
Year Plan” of China’s first One-Hundred-
Year goal to achieve the building of a well-
off society in all aspects. By then, China’s
economic aggregate will be more than RMB
90 trillion, the economic growth rate will
remain at 6.5%. By 2020, the gross domestic
product and the per capita income of both
urban and rural residents doubled that in
2010. The all-personnel labor productivity
is increased from RMB 87 thousand per
capita to more than RMB 120 thousand per
capita, the cooperation of the “One Belt and

(Data Source: National Bureau of Statistics)

One Road” structure and the international
capacity achieves a new breakthrough, and
energy security is at a critical stage. On June
13, 2014, at the sixth meeting of central
authorities finance and economics leading
group, in the study of China's energy security
issues, Xi Jinping, the General Secretary of
the CPC Central Committee and the head of
the central authorities finance and economics
leading group, pointed out that China must
carry out the energy revolution of energy
consumption, supply, technology, system,
etc, and comprehensively strengthen the
international cooperation in energy, so that
to ensure the safety of energy supply. Its
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energy revolution strength is more than "reform", "transform”. On November 19, 2014, General
Office of the State Council promulgated a notice of action plan on printing and distributing
energy development strategy (2020-2014), and defined the goal of China's energy development
in 2020 (see Table 5 and Table 4).

Table 4 Energy Development Goals of the State Council in 2012

Energy Content Control Index in 2012
1 Total primary energy consumption control About 4.8 billion tons of standard coal
2 The whole country's total coal consumption control About 4.2 billion tons
3 Energy self-sufficiency rate maintain at About 85%
4 Qil reserve production ratio increased to About 14%-15%
5 The proportion of non fossil energy accounted for 15%
primary energy consumption °
6 the proportion of natural gas accounted for energy 109%
consumption °
the proportion of coal control accounted for energy o 0
7 consumption Within 62%
coal units' power supply coal consumption of more than
8 600 thousand KW units less than 300 grams of standard coal/kWh
the proportion of the total output value of 14 large coal
9 bases of 100 million tons reserves accounted for the 95%
whole country's
10 National Coal railway annual transportation capacity 3 billion tons
8 large natural gas bases of 10 billion cubic meters -, 3
y annual output 0.55 billion m
Cumulative increase of conventional natural reserves in 185 billion m?
2020, an annual output of conventional natural gas
Breakthrough production of shale gas, coalbed 30 billion m?
12 gas:Shale gas production strive to exceed 30 billion m®
coalbed gas production strive to exceed
13 achieve substitution of oil capacity More than 40 million tons
14 The proportion of green buildings account for new 50%
buildings in cities and towns °
optimize the energy structure:compressed coal in . .
15 |Beijing, Tianjin, Hebei, Shandong provinces compressed 10%@"?{&?“@5\%@??5;? ;ﬁgfﬁqz)
coal in Yangtze River Delta, Pearl River Delta region 9 9
16 Mileage of nature gas main pipe 120 thousand kilometers
17 Installed Wind power, installed Solar photovoltaic 200 million kW and 100 million kW
Geothermal energy utilization 50 million tons of standard coal

16
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Average Annual

Indicator 2015 2020 Growth Rate Property
[Cumulative]
Economic development
(1) Gross Domestic Product (GDP) (RMB One Trillion) 67.7 | >92.7 > 6.5% Prospection
@) ('gt\;l%egse%n.?ﬁgligsggg)edrugal\gité ) 8.7 > 12 > 6.6% Prospection
(3) Urbanization Resident population urbanization rate (%) 56.1 60 [3.9] Prospection
LS Household population urbanization rate (%) 39.9 56 [6.1] Prospection
(4) Service industry added value proportion (%) 50.5 56 [6.5] Prospection
Innovation driven
(5) Investment strength in research and test development funds (%) 2.1 2.5 [0.4] Prospection
(6) Per million people of the invention patent ownership (piece) 6.3 12 [5.7] Prospection
(7) Contribution rate of scientific and technological progress (%) 55,8 60 [4.7] Prospection
(8) Intemet Fixed broadband household popularity rate (%) 40 70 [30] Prospection
popularity rate Mobile broadband S%&s)criber popularity rate 57 a5 28] Prospection
People's livelihood and welfare
(9) Residents disposable income growth per capita (%) = = > 6.5 Prospection
(10) Average education years of working-age population (years) 10.23 10.8 [0.57] Restriction
O — [ = | 500 | prospector
(12) Rural poverty population out of poverty (ten thousand people) = = [6575] Restriction
(13) Basic retirement security join rate(%) 82 90 [8] Prospection
(14) Urban shantytowns housing (ten thousand sets) — = [2000] Restriction
(15) Average life expectancy (year) = = 1] Prospection
Resource environment
(16) Cultivated land quantity (6.67 milion hectares) 18.65 | 18.65 [0] Restriction
(17)New construction land scale(667 hectares) = = [ < 3256] Restriction
(18) RMB Ten thousand GDP water consumption decreased(%) = = [23] Restriction
(19) Unit GDP energy consumption (%) — — [15] Restriction
(20) gpriss%%ré%r;%ngnpq%ttrigﬁrﬁ?;mal energy accounted for 1 15 3] Restriction
(21) The decrease of CO, emission per unit GDP (%) — = (18] Restriction
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o L
(22) Forest Forest coverage rate (%) 21.66 | 23.04 [1.38] Restriction
Gl Forest reserves (%) 151 165 [14] Restriction

Good air quality day ratio in prefecture level . -
and above cities (%) 76.7 > 80 Restriction

(23) Air quality The Concentration decrease off in particulate
matter (PM2.5) is not up to the standard in = = 18] Restriction
prefecture level and above cities (%)

. S . L
@ 4)_Su rface water Achieve Il or better water ratio (%) 66 > 70 Restriction
Uiy Poor quality water grade V ratio (%) 9.7 <5 = Restriction

(25) The decrease - -
of total discharge of | “1eMealoxygen demand, ammonia nitrogen, | | |140],[10],[15),[15]| Restriction

major pollutants (%) ’ 9

Notes: @) GDP, the All-personnel labor productivity growth can be Calculated by parity, The absolute number calculate
according to constant pricesin 2015. @ [ lthe number in [ ]is cumulative for 5 year. @ Not up to PM2.5 standard refers to the

annual average of more than 35 micrograms/m3.

From specific planning indicators and control
objectives in the Table 4 and Table 5, we can
see the Chinese government'’s strength and
determination in the control of total energy
consumption, and in the move of compressing
coal fossil fuels consumption. We should put
the curb of the irrational energy consumption,
and the move of optimizing the energy supply
structure in the first place.

In order to achieve the goal of planning
and development, National Energy Board
vigorously promote to the energy consumption
pattern’s transformation of taking electricity
instead of coal, and will fully adjust the pattern
of energy terminal consumption. In industry,
agriculture, residential lives, we should replace
natural coal hot water boiler with heat pump
to supply heating, replace coal cooking stove
with electric cooking, reduce the utilization
of scattered coal, accelerate the transition
from coal to electricity, and achieve energy
consumption transformation.
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lll. Exploration and Suggestions

The energy issue is not only an economic
issue, but also a political issue. Energy is not
only the mineral resources, but also strategic
materials. The dispute of land, the dispute of
energy will be the root of the country's military
conflict in the future. To solve a country's
energy demand, we should not only depend
on the number of resources, but also need
to adapt to the changes in the international
energy demand and supply pattern.

The following questions need to be explored
and defined:

1. Energy self-sufficiency rate issue. China's
energy self-sufficiency rate is higher, up to
85%-90%. Most of the energy powers of the
International energy consumptionTOP 10
are of low energy self-sufficiency rate, mostly
below 50%. High Self-sufficiency rate can
guarantee the energy security supply, but it
may not be irrational in economy, meanwhile, it
is restricted by the number and varieties of the



national resources. Therefore, it is suggested
that China should reduce the strength of the
exploitation of underground coal resources
currently, wait to comprehensively exploit and
utilize until scientific and technological level is
higher. According to the trends of international
oil and gas’ prices, we should make use of
international resources as much as possible.
Because the energy is not only a diversified
advantage, but also the resources beyond
the international, everything is decided by the
market.

2.Energy theme issue.Coal, petroleum, natural
gas, electricity, new energy, renewable energy
and so on are all energies. Compared with the
fossil energy coal, other energy sources are
clean energies mostly. China should strengthen
the control of coal consumption, take clean
energy as the main body, and develop energy
diversification. It is the sacred mission that the
energy revolution should complete. During
the period of the “12" Five-Year Plan”, the
proportion of coal decreased from 70% to 64%,
and the average annual decrease of coal’s
proportion is more than 1%. By the speed, it
can be achieved that the proportion of the clean
energies account for China’s energy resources
will be more than 50% by 2030. By then, the
coal dominated situation will be fundamentally
changed, and China will become a country with
clean energy dominated.

3.The main body of China's energy
development should be clean energy. Energy
is diversified, hydropower, nuclear power, wind
power, photovoltaic power, biomass energy are
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all clean energy which need to be developed,
but in any case, the proportion of the energy
in China is limited. The focus of China’s
energy development is the clean energy of
our geothermal energy like shallow ground
source energy, coalbed gas, shale Gas,
natural gas, combustible ice, petroleum and
so on, which are the main energy to replace
coal and should focused on support. Because
their resources reserves are far beyond coal’s,
and China has rich experience in geothermal
energy exploitation and a perfect team system.
For coal, among the clean energy mentioned
above, shallow ground source energy is
the first choice in many alternative energy
resources.

4. China's energy revolution is imperative.
During the implementation period of the “13"
Five-Year Plan”, we should vigorously promote
the revolution of energy consumption, energy
supply, and energy technology and energy
system. In the new period, we should improve
the energy development strategy, with the
guidance of “secure supply, green and low-
carbon, conservation priority, total quantity
control; based on clean energy, pluralistic
development; improve energy efficiency, coal
compression; based on domestic, strengthen
international”, and we should overcome the
outstanding problems in China's energy
development as soon as possible, well realize
our energy development goal by 2020. While
ensuring the energy security of China at the
same time, we will realize China's contribution
and commitment to the world environment.
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A Preliminary Analysis on Heating in Rural
Areas with Shallow Ground Source Energy

By/Interviewer: LiJing

From the perspective of natural
endowment, geothermal energy has unique
advantages over other alternatives to coal
heating. Wang Jiyang, an academician of
Chinese Academy of Sciences, said, “There
is huge potential for development and
utilization of geothermal energy resources,
which are ubiquitous and require relatively
low costs. Meanwhile, in the large family
of new energies,geothermal energy is one
of the most realistic and most competitive
sources when compared with solar energy,
wind energy, and biomass energy.”

Imperative to Develop Geothermal Energy

Coal is the dominant energy in China.
However, environmental hazards like haze
are forcing adjustments in the energy
consumption structure. Driven by the energy
structure adjustment in China, geothermal
energy becomes one of the best efficient
energy alternatives due to its cleanliness and
renewable nature.

For the purpose of energy saving and
environmental protection, the government
has restricted the construction of coal-fired
power plants and coal-fired boilers, and cities

where conditions permit are promoting the
“coal-to-gas” initiative. However, natural gas
is a nonrenewable resource and is limited in
China, making it imperative to seek instead
another energy alternative that is more
efficient.

Compared with other non-fossil energy
sources, geothermal energy shows
conspicuous advantages, mainly including
the immunity from seasonal, climatic and
diurnal variations and other external factors.
It is a realistic and competitive new energy.

Under the influence of many factors,
geothermal energy has become one of
the most efficient options for the “coal-free
campaign”.

Beijing once proposed a “coal-free”program
that planed to render six districts in Beijing
“coal-free”by the end of 2017, and among
them Dongcheng District, Xicheng District
and Haidian District were excepted to be
“coal-free”in 2016.

Shen Mengpei, as enior counselor of
State Council and researcher of Institute
of Earthquake Science China Earthquake
Administration, said that the coal used
in the “cottage area” in the urban region
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must be replaced by electricity in order to
render the six districts of Beijing“coal-free”.
The vast majority of rural households in the
outskirts use coal for heating. To be “coal-
free”, replacing coal with electricity or gas is
a specific method.

Over the years, the development of
geothermal energy in China has remained
unknown to public. However, as a renewable
energy, important as solar energy and wind
power,the utilization efficiency of geothermal
energy cannot be understated. Academician
Wang Jiyang said that the average utilization
rate of geothermal energy for power
generation is up to 73%, 5.4 times of solar
photovoltaic power generation and 3.6 times
of wind power. In addition, by using the heat
pump technology, geothermal energy can
deliver 2.5kW shallow ground source energy
from 1kW driving energy (electricity).

Although medium-and low-temperature

geothermal resources are dominant in China,
there are rich reservoirs of geothermal
energy sources which now are equivalent
to 860 billion tons of standard coal. The
proven geothermal water resources in the
sedimentary basins in the eastern part only
amount to 49.17 billion m®, containing energy
equivalent to 1.854 billion tons of standard
coal. Therefore, there is huge potential for
the development of geothermal energy in
China.

Feasibility of Using Shallow Ground Source
Energy for Heating

Geothermal energy is mainly used in
geothermal power generation and for non-
electric direct uses. Non-electric direct
uses include heating, cooling and domestic
hot water. At present, China ranks the first
in terms of non-electric direct uses which
serve for heating and cooling purposes in




constructions by making use of the “triple co-
generation” technology.

Li Ningbo, deputy chief engineer of Beijing
Bureau of Geology and Mineral Exploration
and Development and deputy executive
director of Research and Extension Center
of Shallow Ground Source Energy of China
Geological Survey said that by 2015 the
development and utilization of geothermal
energy had been able to heat areas of 500
million m?, including 100 million m* of deep
ground source energy heating and 400
million m® of shallow ground source energy
heating.

According to the result of shallow ground
source energy survey in provincial capital
cities, the heat capacity of 31 provincial
capital citieswithin 200m is 2.34 x 10"°kJ/°C .
Except Beijing and Tianjin, where an
evaluation of synthetic heat exchange power
was not launched, the other 29 provincial
capital cities reported 6.17 billion m? of areas
that could be cooled by ground source heat
pump system in summer and 8.65 billion m?
of areas that could be heated in winter.

The total energy delivered through
development and utilization of shallow
ground source is equivalent to 467 million
tons of standard coal. If the development
and utilization rate of shallow ground source
is taken as 35%, 163 million tons of standard
coal would be saved,approximately 0.1 times
of the actual energy consumption and 1.42
times of the consumption for heating and
cooling purposes in constructions. It can be
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an abundant energy reserve for heating and
cooling. At the same time, 27.8 million tons of
carbon dioxide emissions can be achieved.

In addition to the inherent natural
advantages, China has introduced policies
that encouraged the development and
utilization of geothermal energy. Beijing, for
example, introduced the first document, A
Circular on Distributing the Guidance on the
Development of Heat Pump System, that
supported the development of ground source
heat pump in 2006, and the document was
officially implemented on July 1, 2006. The
document offered a subsidy standard as
follows: RMB 35/m? for underground (surface)
water source heat pump and RMB 50/m? for
ground source heat pump and renewable
water source heat pump.

Li Ningbo said that China has built a
number of significant geothermal energy
projects under the policy support. During
the 2008 Beijing Olympic Games, a
number of landmark key demonstration
projects,especially the Olympic venues,
were built in Beijing. These venues such as
National Stadium and the Olympic Rowing-
Canoeing Park used ground energy heat
pump successfully.

Among these projects, the renewable water
source heat pump project in the Olympic
Village used the recycled water from the
nearby Qinghe Sewage Treatment Plant as
the cold and heat source of the heat pump
and delivered heating and cooling services
through the heat pump system, offering a
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good heating and cooling solution for the
Olympic Village that covered more than
400,000m°. It is now still in use as a legacy of
the Beijing Olympics.

Covering an area of 220,000m? Shanghai
World Expo Axis used river water source heat
pump + buried pipeline heat pump system
for as heating and cooling solution, adding a
green highlight to the event.

Shallow Ground Source Energy Is Feasible
in Rural Areas

On the basis of the significant green
and environmentally friendly projects,can
geothermal energy contribute work to the
energy transformation in rural areas?

Wu Desheng, vice president of HVAC
Branch of the Architectural Society of China
and a consultant chief engineer of Beijing
Institute of Architectural Design, said that
shallow ground source energy can be a trend
in energy supply in towns and villages and
should be a good alternative.

He pointed out that rural areas have
large average floor space per capita but
limited space for practical use. Moreover,
“frugality” is a conventional wisdom in
rural areas. Shallow ground source energy
requires little power for heating as it uses
the ground energy heat pump technology.
Its power consumption is less than that of
air conditioning, making it possible to use
peak-valley pricing. It does not require a high
running cost and is pollution-free.

Shen Mengpei indicated that it takes RMB
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6,850 to heat a house of 108m?with electricity
throughout the winter. When the peak-valley
pricing is adopted, the electric charge from
22:00 to 7:00 would be RMB 0.3/kwh, and
the total charge for the whole winter would be
reduced to RMB 5,000. However, under the
same conditions, a farmer who uses ground
source heating devices(a kind of ground
energy heat pump technology) would only
need to pay RMB 1,500-1,800 for heating in
the winter.

Up to now, many successful applications
of shallow ground source energy have been
reported in China. In 2014, Xiongxian, the first
smoke-free city that replaced coal with geothermal
energy for heating in North China, was known to
public. The areas heated by geothermal energy
in Xiongxian reached 2.4 million square meters,
accounting for 90% of the centralized heating
area. Since then, “Xiaoyangkou Model” and
“Guangdong Fengshun Model” have been typical
solutions for heating in winter and cooling in
summer in the Yangtze River Delta and the Pearl
River Delta.

Wang Jiyang said that China has the largest
construction market in the world, which can
be converted to a potential ground energy
heat pump market size of RMB 1 trillion.
In addition, the “One Belt and One Road”
strategy also provides a good opportunity
for the application of shallow ground source
energy. As the starting point of the “New Silk
Road Economic Belt”, Xi’an is now setting
off to build a geothermal energy technology
research and demonstration base in Xixian



New Area. Meanwhile, as the countries and
regions such as China, Central Asia, South
Asia and Middle East along the “One Belt
and One Road” are all characterized by a dry
climate, they have good reason to minimize
the use of water source heat pump and
develop ground energy heat pump instead.
Shen Mengpei said that “electricity” is
extracted from the geothermal energy
through the heat pump technology and is a
completely “green energy without combusting
any fuel”. It meets the “coal-free” demand
and should be a future trend to support the
action of haze removal in the cottage area.

How to Use Shallow Ground Source Energy
for Heating in Rural Areas

With the advance of urbanization, heating
in rural areas has become increasingly a
difficult and universal problem in China.
In spite of all, Wu Desheng reminded that
architectural functions must be designed
in accordance with scientific planning and
development.

He advocated“frugality” in rural heating.
On the one hand, energy grade should
be consumed frugally, on the other hand,
resources should be used frugally. The
former implies replaying high-grade energies
such as coal with low-grade ones such
as geothermal energy, the latter implies
that every household in rural areas may
install heat pump separately when heating
or central heating is not needed so that
heating is provided as needed in a small
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environment.

Based on his past survey experience, Li
Ningbo said that there were several issues
to be addressed in order to utilize shallow
ground source energy for heating in rural
areas. The first is the initial investment in
ground energy heat pump. Currently, most
of the reconstructions or new constructions
of ground energy heat pump projects are
encouraged by national subsidies or other
support. However, to promote development
of ground energy heat pump, this economic
account still poses a threshold for people to
surpass. In his view, the construction should
be done by village or mutual help group as a
unit and the burden of huge initial investment
can be relieved through scale effect. Providing
optimized equipments is surely a feasible
way if relevant practitioners can develop
customized heat pump products.

Second, industry stakeholders need to
work closely with each other. For example,
the state should introduce relevant national
standards as soon as possible, while the
engineering side should improve their
quality, competence and experience to avoid
project“failure”, as one failed try could entail
stagnation of an emerging industry.

In addition, the experts interviewed all
mentioned that people have little knowledge
about geothermal energy, especially shallow
ground source energy. Free airing of views
should be encouraged and knowledge
popularization should be enhanced to let the
geothermal energy play its due role.
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Advocate Electricity Replacing Coal, Use Ground
Energy to Heat Benjing Suburb

Author: He Yongping (Ever Source Scinece & Technology Development Group CO., LTD)

“Promote the technology of the intelligent heating for buildings by shallow
ground source energy with no combustion, vigorously develop the emerging
industry of integrated heating and cooling system with ground energy, effectively
improve the proportion of renewable energy, solve pollution problems brought
by combustion heating, and improve the quality of life for both urban and rural

residents.”

It is well known that heating relates to
national economy and people’s livelihood,
and is the necessity to ensure the quality
of life, while the correlation between
winter combustion heating and haze is
also well-known. The key to govern haze
is to reduce combustion of any form and
discharge after combustion to the greatest
extent. Thus, heating in the new era shall
meet new requirement, i.e. protect outdoor
environment while ensure indoor ambient
temperature.
|. Brief Introduction to Traditional Heating

From the perspective of energy
utilization, there are many traditional
forms of heating for buildings, such as
combustion of firewood, coal, fuel and gas.
From the perspective of heating method,
there are mainly three kinds of heating
methods currently.

—F.G.G.H [2015] No. 2665

1. Self-heating. Self-heating is Chinese
traditional economical heating method,
mainly used by residents living in cottage
area and lived scattered (village peasant
household). The advantages of which are
as follows, can use energy according to
local condition, have traditional matching
equipment to energy, can be calculated
independently, and can save energy
by the people using it voluntarily. The
disadvantages of which are insufficient
combustion, direct emission of combustion
exhaust gas severely pollute outdoor
environment, and the exhaust gas amount
is dozens even hundreds times of central
heating. Moreover , handling of solid waste
is very difficult.

2. Central heating. Central heating is a
heating method introduced from Europe,
America and Japan. The advantages of
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which are that system continues to operate,
the indoor ambient temperature can be
ensured. Compared with self-heating,
the exhaust gas of central combustion is
more convenient to deal with, which can
relatively reduce pollution of harmful gas
to environment. The disadvantage of which
is high energy consumption to maintain
operation.

3. Town heating power. The mark of
town heating power is combined heat
and power generation. The advantages
of which are that can be in favor of
environmental governance, effectively
ensure design capacity, and can provide
heating for large scale building area. The
disadvantages of which are that operation
is poor flexibility, a one-time investment is
high, network cannot meet requirements
of newly added building, besides, energy
consumption for conveying is high due to
long distance of network.

[I. Use Renewable Shallow Ground
Source Energy for Heating

1. Brief introduction to shallow ground
source energy

Shallow ground source energy means
renewable low-grade thermal energy within
200 m depth and under 25°C temperature.
It is different from high-grade geothermal
energy which can be used directly and
belongs to national mineral resources.
The distribution of shallow ground source
energy is wide, under the combined
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action of heat from sun and earth core,
the renewability is strong. Under the
premise of ensuring reasonable design and
construction quality, collection of shallow
ground source energy can be combined
with heat pump technical products, to
provide the intelligent heating for buildings
by ground energy heat pump system
with no combustion. As it has no energy
conveying problem besides electric energy,
it is more guaranteed than traditional
energy heating for buildings.

2. Why do people say using shallow
ground source energy for heating is
energy revolution for building heating

Since the emergence of building, there
are various forms of combustions for
heating of buildings. The technology of
single-well heat exchange circulation for
shallow ground source energy collection
originated in China has realized industrial
development, this technology is safe, land-
saving, and economical. This achievement
of ecological civilization construction makes
traditional combustion heating industry
update into the emerging industrial of
integrated heating and cooling system
with ground source energy. The working
principle of the system is to transform 1
unit of paid electric energy into mechanical
energy, and then convey heat energy
equal to heat energy directly transformed
from more than 3 units of electric energy
to provide heating for buildings. Above
60% building heating energy consumption



comes from costless renewable energy.
With the same system, in winter, using
shallow ground source energy to provide
heating for buildings, which is alternative
energy source for heating. In summer,
the temperature is lower than air cooling
temperature in refrigeration, which improves
refrigeration efficiency and saves energy.

Shallow ground source energy heating
realizes reasonable utilization of energy
according to grade. Combustion of 700-
800 C coal and 1100°C natural gas ensures
20 °C of indoor ambient temperature. During
the process, gas emission pollute sky and
water emission pollute earth, the proportion
of the consumption of hot water using by
conveying energy and lost heat energy to
building heating energy is big, the energy
waste is severe. Currently using low-grade
renewable shallow ground source energy
in rock and earth ,which is mass with wide
distribution and temperature below 25°C ,
combining with heat pump technical product,
can ensure random adjustment of indoor
temperature to be within the range of 18-26 C,
and zero emission can be realized in the
using area. It can not only ensure survival,
but also protect ecological environment.

Using shallow ground source energy to
be alternative combustion-free energy for
buildings heating, realizes energy revolution
for buildings heating in new era, and is a
great development in emerging industrial of
integrated heating and cooling system with
ground source energy.
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I1l. Advocate Beijing Initiate Ground Source
Energy for Heating in Suburb, and Promote
Electricity Replacing Coal

1. Three experimental projects of
electricity replacing coal for heating
already done in Beijing

(1) Directly transforming electric energy
into thermal energy, the average highest
efficiency is 100%. The advantages of
which are in favor of peak load shifting for
power grid, indoor equipment investment is
relatively small, and installation is relatively
simple. The disadvantages of which are
outdoor power grid investment is big, and
indoor operation energy consumption is
high.

@ Transforming electric energy into
mechanical energy, which conveys air
energy, the average efficiency can reach
200%. The advantages of which are that
air energy collection is convenient, and
installation work amount is relatively small.
The disadvantages of which are that air
energy temperature change is large in
certain area, it is difficult to ensure indoor
temperature is the lowest temperature
specified during atrocious weather (below
-10 °C ). Urban heat island can be easily
caused under refrigerating.

@ Transforming electric energy into
mechanical energy ,which conveys
shallow ground source energy for buildings
heating, the efficiency can reach above
300%. The advantages of which are that
shallow ground source energy is not
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influenced by ambient temperature, and
the ground energy temperature supplied
to heat pump is relatively steady. Under
the premise of ensuring reasonable design
and construction quality, it can effectively
ensure total heating amount for building,
and operation cost is low. With the same
heating area, total power supply amount
is one quarter of heating method directly
transforming electric energy into thermal
energy. The disadvantage of which is that
collection work load is larger compared
with the above two methods.

2. The theory and practice of
experimental projects of electricity
replacing coal for heating already
done in Beijing prove that advocating
regional combustion-free heating can
effectively govern haze

(1) Enterprise investment. Use ground
source heating devices to build self-
heating infrastructures for village peasant
households, government purchases
public services (not increase government
expense, and the total fund for current
heat pump subsidy policy and good coal
replacing bad coal policy is sufficient),
and users undertake operation expenses
(amount to coal combustion cost).

(2 Use ground energy heat pump system
of central heating as supplement for
Beijing heating, for area with no natural
gas pipeline, replace coal-fired boiler,
and charge according to current Beijing
subsidy policy and heating charging
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standard.

3 Use 50-900MW to build dispersed
ground energy station for cooling/heating
for newly built town, first implement heating
energy planning. Invest energy station
according to construction speed of building,
and the construction fee (4000 Yuan per
kW) of thermal power plant amounts to
construction of power plant with zero



emission in a equivalent area.

IV. Conclusion

Original technology of Zhongguancun
has realized industrial development, and
developed emerging industry through
Beijing environmental governance which
is concrete demonstration of efficient

environmental protection work. Using ground

energy to provide heating for Beijing suburb
and replacing coal with electricity is one of
the methods to use ecological civilization
construction achievement in new era to
promote upgrading of traditional industry,
to develop emerging industry of integrated
heating and cooling system with ground
energy, to realize building heating energy
revolution, to effectively govern haze.
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