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ABSTRACT

Article History:

In this paper, through the analysis of nearly 20 years of energy production, consumption structure in Hebei
Province, we find problems between energy consumption, production and supply and demand balance and put
forward suggestions for future energy development; meanwhile, the energy demand trend has been analyzed.
Finally, we proposed energy development strategy of Hebei. It has a great significance to optimize the industrial
structure and achieve sustainable development of Hebei Province in the future.
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1. INTRODUCTION

2. ENERGY FLOW CHART OF HEBEI PROVINCE

In 1972, Lawrence Livermore National Laboratory published the energy
flow chart of U.S. for the first time, and the laboratory reports the
National energy flow chart regularly according to the annual energy data.
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Hebei Province has better natural resources and full range of energy
resources and it’s not only an energy-producing province, but also an
energy-consuming province. At the same time, as China's traditional
industries province, the consumption of traditional energy of Hebei
Province such as coal, oil and natural gas is very large. In 2009, China's
total energy consumption is 2.92 billion tec (electric equivalent
calculation, 1tec=29.3076 GJ); Hebei's total energy consumption is 0.254
billion tec, accounting for 8.7% of national energy consumption. Based on
a study, energy flow chart not only is a quantitative and intuitive tool for
showing a whole picture of energy supply, transformation, and end use,
but also can reveal their energy utilization [1]. In l898, the flow chart was
first used to show the energy efficiency of steam engines by the Irish
engineer Sankey. As the flow chart can display a regional or national
energy statistical overview visually and vividly, therefore it has been
widely used in the international community [2]. In 1972, Lawrence
Livermore National Laboratory published the U.S national energy flow
chart; basing on the UK energy statistics, DTI (Department of Trade and
Industry) regularly publishes the country’s energy flow chart from l974;
meanwhile, Japan, Netherlands and other countries also have researched
to draw their energy flow chart. A researcher established an economic
flow chart, which is based on energy flow chart that can link technical
and economic, providing the means to overcome the communication
barrier between engineer and manager [3]. There are also some relevant
scholars or institutions to draw flow chart in China. In 1958, The Institute
of Nuclear drew an energy flow chart in Beijing; a researcher charted
China’s energy flow chart between 2003 and 2005 [4]. According to the
adjusted energy balance sheet of Hebei Province in 2009, this paper
draws an energy flow chart, which can not only provide a convenient way
for individuals, policy makers or organization to understand the energy
overview of Hebei, but be able to compare with other regions.

Energy flow chart as an energy statistics tool for nation, region and even
corporate, is intuitive and vivid. Therefore, this method is widely used
internationally. Energy balance sheet in a matrix form reflects a variety
data of energy supply, processing, conversion, transmission losses and
final consumption together, and shows the energy flow and balance of a
variety of energy sources during the reporting period. Although the
energy balance sheet can provide sufficient amount of data, it’s difficult
for the reader to form a direct impression of energy supply, conversion
and consumption. In order to overcome the disadvantages, this paper
based on the adjusted energy balance sheet of Hebei in 2009, according
to the energy balance sheet of Hebei Province in China Statistical
Yearbook 2010, draws the 2009 energy flow chart of Hebei Province,
shown in Figure 1.
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Figure 1: Energy flow chart of Hebei Province in 2009

Note: 1. "Coal products" include "washed coal, other washed coal,
briquette, coke, coke oven gas, other gas and other coking products"
project. 2. "Oil products" include "gasoline, kerosene, diesel, fuel oil,
liquefied petroleum gas, refinery gas and other petroleum products ".
3. ANALYSIS OF ENERGY FLOW IN HEBEI PROVINCE, 2009
3.1 The main energy supply in Hebei Province
China's energy sources feature is "rich coal, less oil, shortage of gas",
which also determines the important position of raw coal in Hebei’s
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energy supply. The raw coal supply from 1990 to 2009 in Hebei Province
is shown in Figure 2; we can see that the raw coal supply is rising year by
year, which is inextricably linked with a large demand for coal.
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kilowatts according to preliminary projections, and the exploitation
amount can reach to 10 million kilowatts. In the end of 2009, the wind
power installed capacity of Hebei Province is 2788.1 MW, increasing by
86.15% over the previous year, ranking the fifth place in China; gridconnection wind power is 2.5 billion KWH, and in 2009, the generating
capacity is 2.16 billion KWH, equivalent to 0.27 million tec, accounting for
7.85% in total energy supply. Although it’s a smaller proportion, the
growth potential is amazing.
Table 1: Wind energy classification criteria

Wind power density level range (W/m2)
<25

Figure 2: Raw coal supply over 20 years of Hebei Province (104tec)
Source: Hebei Economic Yearbook-2010.

3.1.1 Crude oil

Figure 3 shows that the supply of crude oil increases in general, but
declines slightly in recent years. The crude oil supply is 15.79 million tec
in 2009, increased by 225.85% compared to 4.84 million tec in 1990.
Since 1990, Hebei gradually transforms from oil export to import. In
2009, the net amount of external transferred is 7.23 million tec, and the
dependent rate is 45.70%.
3.1.2 Natural gas

Natural gas helps to optimize the energy structure, and Figure 4 shows
that the share in primary energy supply is increasing in general. Natural
gas supply is 3.0757 million tec in 2009, although less in absolute
amount, but shows good growth in future. It will make an important
contribution for optimizing energy structure and improving energy
efficiency in Hebei.
Furthermore, with the gas supply increasing, the amount of gas
transferred from the outside is also growing in 2009; local production is
1.45 million tec and the net amount transferred is 1.62 million tec in
2009, the dependent rate on external is 52.80%.

Figure 4: Natural gas supply over 20 years of Hebei Province (104tec).
Source: Hebei Economic Yearbook-2010.

3.1.3 New energy

(1) Solar power: Most of the solar grades are the third-grade regions in
Hebei Province. Total annual solar radiation is 5000-5850MJ/m2,
equivalent to the daily solar radiation 3.8- 4.5Kwh/m2.The northwest of
Hebei is solar grade II region, which the annual total solar radiation could
reach 5850-6680 MJ/m2, equivalent to the daily solar radiation 4.5-5.1
Kwh/m2. Solar power projects that have been completed are the
Dingzhou Photovoltaic Roof Power Generation Projects (installed
capacity is 10,000 kilowatts), and State Power Weichang Project
(installed capacity is 5000 kilowatts), etc.; Xingtai City, Hebei, has become
the first Solar Building City. Since 2007, it has saved l million tec, reduced
sulfur dioxide, dust and other emissions over 6800 tons and saved power
33 million KWH. In 2009, the installed capacity of solar power has
reached 20.34 MW in Hebei Province.
(2) Wind power: Hebei has varied terrain and rich landscape, with great
potential for wind power development. As is shown in Table 1 and Table
2, Hebei is a wind energy resource-rich province, and is one of the seven
state wind power base; the total reserves of wind energy resources
reaches 74 million kilowatts. For example, Zhangjiakou City of Hebei is
very rich of wind energy resources, with a resource reserve of 17 million
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Table 2: Distribution and wind power installed capacity in Hebei
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(3) Biomass energy: Biomass energy includes crop residues, forestry
waste, animal waste, garbage and algae. Hebei is a major agricultural
province, with 40 million tons of straw resources per year. In addition to
farming and papermaking use, there also is 12 million tons surplus.
Furthermore, with the rapid development of animal husbandry and
aquaculture industry, poultry manure resources have reached a large
scale; we can transform these organisms into bio-energy by new
technology, turning waste into treasure. Biomass power generation
projects that have been completed in Hebei are National Bio-energy Wei
County Project, National Bio-energy Chengan Project and Jinzhou Plant
Biomass Project, generating 5.38×108 KWH in 2009, equivalent to
6.62×104 tec.
(4) Geothermal energy: Geothermal fields in Hebei are widely distributed
and most of them are shallow, with broad prospects in development and
utilization. The verified geothermal resource in Hebei is ranking third in
the country, equivalent to 50 billion tec, or 37 billion tons of crude oil or
nearly 500 million kilowatts power [5]. The exploitable amount of
geothermal resource is equivalent to 9.383 billion tec.
3.2 The main energy conversion in Hebei Province

According to the CSY-2009, the consumption of coal and coal products in
Hebei reaches 294.54 million tce, including 171.79 million tons coal,
which 31.71% for power generation, 29.83% for the coal products
production and 27.65% for the industry; coal products are 122.75 million
tons, which 46.22% for industry. The consumption of crude oil and oil
products in 2009 is 23.24 million tce; 62.5% is for oil products
production and the rest is for the end consumption. In the end
consumption, it’s mainly used for industrial production; oil products is
mainly used for end consumption, and mainly used for transportation
(42.21%), followed by industry (20.63%). Natural gas consumption in
2009 is 4.70 million tce and mainly used for the end consumption; it’s
mainly used for industrial production (73.95%), followed by urban
residents consumption (12.63%).
3.3 Analysis of end consumption

Industry is the largest sector of energy consumption in Hebei Province. In
2009 the end energy consumption in industry accounts for 82.05% and
adds up to 277.42 million tce. The energy consumption are dominated by
coal products (50.23%), coal (30.97%) and electricity (12.30%). In
addition, the industrial consumption of energy products includes oil,
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natural gas, heat and oil. Urban living consumption is the second largest
energy-consuming sector in Hebei Province. In 2009, the consumption
accounts for 4.12% of the total end energy consumption and adds up to
13.93 million tce. The main energy consumption is raw coal (26.94%),
coal products (18.89%) and heat (18.89%), and followed by electricity,
oil products and natural gas. Transport, storage and postal industry is the
third largest energy consumption sector in Hebei Province. In 2009, the
total energy consumption accounts for 3.87% and increasing to 13.08
million tce. The energy consumption are dominated by oil products
(84.48%) and followed by electricity, coal and natural gas. In the rest of
end consumption, rural energy consumption accounts for 3.27%,
agriculture, forestry, animal husbandry, fisheries and water conservancy
accounts for 1.58%. In addition to these energy consumption sectors,
there are construction, wholesale, retail, accommodation, food and
beverage industry.
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3.4 Analysis of energy efficiency

(1) Energy consumption of unit GDP. The energy consumption of unit
GDP in Hebei Province from 1990 to 2009 is shown in Figure 5. We can
find that the energy consumption of unit GDP is basically declined year by
year. In 2009, the indicator is 1.47 tec/104yuan. Compared to
1.51tec/104yuan in 2008, it’s declined by 2.90%. But it is 36.11% higher
than the national average1.08 tec/104yuan.
(2) Coal consumption of unit GDP. Coal consumption of unit GDP is 1.36
tec/104yuan in 2009, and compared to 1.40 tec/104yuan in 2008, it’s
decreased by 2.69%. But it is far higher than the national average 0.64
tec/104yuan.
3.5 Hebei energy demand trend analysis

This paper used the BP neural network model for the next three years in
Hebei total energy demand forecast, we decided to adopt the 4 ×20 × 40
×1 four layers BP neural network structure, and the first layer hidden 20
hidden node, the second hidden 40 hidden node. Set the number of
training 50000 times, and the training accuracy is 10-5, learning rate set
to 0.01. Simulation processes are presented in figure 6 and figure 7, and
figure 7 shows that prediction results and the actual value almost
consistent, prediction results are ideal. Predicting result is shown in table
3.

Figure 7: Comparison predictive and the actual value

4. ENERGY DEVELOPMENT STRATEGY FOR HEBEI PROVINCE
4.1 Developing the new energy and optimizing energy structure
In order to solve the energy problem, Hebei should strive to develop
new energy, adjusted the current coal-dominated energy structure to a
status that based on new energy and natural gas, oil and coal coexistence. Although the new energy industry development is initial
success in Hebei, it’s still in infancy; large number of new energy can’t
replace traditional energy sources in the near future, and there are many
barriers in the development.
4.2 Increasing exploration efforts of the coal, oil and gas

Hebei should increase the exploration efforts, and it should be based on
Hebei itself, can’t ease the pressure on other provinces or even abroad
[6]. Therefore, Hebei should increase investment in geological
exploration, exhume its own energy potential to find new mineral
resources, increase the back-up reserves and ensure sustainable
development of energy supply [7]. Of course, on the premise of
exploiting resources, Hebei should encourage energy companies to
implement the "going out" strategy, that go to the resource-rich
provinces, and even foreign countries, establish new energy base for
Hebei [8]. In this regard, the practice of Hebei Golden Energy Group is a
very worthy example.
4.3 Promoting energy saving policies and measures and changing
the extensive economic growth pattern

According to statistics, only 112 high energy consumption enterprises
account for about 43% total energy consumption and 60% of industrial
energy consumption in Hebei. Therefore, in order to reduce energy
consumption and save energy, the first thing is to promote industrial
restructuring, accelerate the elimination of high energy-consuming
process, technology, equipment and products, and plan to shut down the
enterprises of high pollution, high energy consumption and low
efficiency, then develop low-power, high value-added and high-tech
industries to reduce the proportion of energy-intensive industries [9].
4.4 Adjusting economic structure and improving the efficiency of
energy production
Figure 6: Training process

On the one hand, make efforts to adjust the economic structure; increase
the proportion of tertiary industry, especially the modern services, such
as insurance, financial services, education and culture, IT, information
services and other modern industries. On the other hand, improve the
energy production efficiency; reduce the energy consumption of
equipment and unit product and achieve energy conservation from a
technical aspect [10].
4.5 Changing the traditional concept of consumption

Energy consumption of urban residents living ranks the second place in
the end energy consumption, with great energy saving space. Therefore,
promoting the concept of low-energy lifestyle has a positive meaning in
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the process of urbanization in Hebei Province. In short, the optimization
of energy and economic structure is an important guarantee for energy
saving and sustained economic development. Strengthening the energy
exploitation and utilization of wind, solar, biomass, geothermal and other
new energy, increasing the natural gas transferred, reducing the direct
use of coal and achieving the diversification of energy structure is a longterm energy strategy responded to the growing environmental issues, and
also is the only way to the sustainable development in Hebei. Adjusting
the economic structure and the economic development pattern and
improving of the energy production efficiency is a direct way to realize
energy saving.
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