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Abstract

On the basis of China's rural energy consumption data
from 1996 to 2010, the paper studies the terminal energy
consumption in rural areas .Although firewood, straw,
coal is still the main varieties of energy consumption in
rural areas, but the potential of electric power and other
clean energy is better. Then, it proposed the calculation
method of electric power substitution, which can
measure the size of its potential through converting other
non-electric energy consumption into electricity value. in
the end ,we give suggestions about electric power

substitution.
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1 Introduction

Rural energy substitution refers to using electric energy
to replace firewood, straw, rural regular terminal energy
sources such as coal, petroleum products in order to
improve the rural energy consumption structure and to
slow down the environmental pollution.Rural energy
substitution object does not include methane, biogas for
straw, firewood, coal and other end-use energy,and it can
not only replace them, but also mitigating the adverse
effects on the environment [1].Despite China's rapid
economic development over thirty years, most rural
households still rely heavily on traditional biomass
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sources.Kitchen hot water and heating energy
consumption in rural areas, mainly

depend on straw, firewood, and the use of renewable
energy is very low [2], this irrational energy consumption
structure caused serious pollution of people’s living
environment [3,4].In order to protect the

environment and people's health in rural areas, it is
necessary to promote electricity as a substitution for
firewood ,straw, coal to increase the proportion of
electricity in the rural energy consumption.About energy
substitution to other energy sources, domestic and foreign
scholars have done some research. NH Ravindranath [5],
who analyzed crop residues, animal manure, firewood
development potential, believes that it should be given
priority to India's future use of renewable energy as a new
energy generation. By analyzing the local Spanish wind
and solar power to understand the local related industries,
Pablo delRio, Unruh G. [6] proposed to increase
subsidies , the provision of credit and other national
development policies to promote substitution energy
sources. Zhu Chengzhang’s research [7] showed that it
has begun to focus on economic efficiency, energy
efficiency and environmental benefits of energy when
clean and renewable energy has become a substitution
energy for minerals . Zhuang Fengfei [8] claim that it
should open up the electricity market to promote means
and methods. According to studies of energy
consumption in the capital Beijing,Niu Dongxiao,Zhang

Ye [9,10] analyze electricity consumption in the final
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energy usage and the importance of electric power
substitution.

Comprehensively therefore, the related study mostly
focus on promoting rural energy structure optimization,
rural  energy  consumption  structure,  economic
environmental benefits, as well as alternative energy
research in urban areas, while research on electric power
substitution for final energy consumption in rural areas is
little. To mitigate haze problem,
substitution in the final energy problems in rural areas

should be studied.

electric power

2 Position of electricity in rural end-use energy

Straw consumption has been rising since 1996, which
has accounted for more than 45% of total energy
consumption in rural areas. straw will remain as one of
the main source of rural energy consumption during a
considerable period .Firewood in the early 1990s as
China's second largest source of energy in rural areas, the
proportion of consumption increasingly decreases, falling
from 32.6 percent in 1996 to 31.0 percent in 1999, but the
proportion in 2000-2002 has some rising since it has been
reduced to 27.1 percent in 2010. As of rural life in the
third largest energy source ,coal consumption ratio has
remained at around 15%. Straw, firewood and coal
constitute the sources of rural household energy body,
whose proportion of consumption accounted for more
than 85% of total energy. In rural China, the absolute
amount of life electricity consumption had a rapid growth,
but its share of total energy consumption in the proportion
of rural life is still relatively low. electricity consumption
rural areas . Comprehensively, the power as a clean
energy, due to the ease of its use, will make consumption
proportion steadily risen. in the future, with China's rural
per capital
environmental awareness and other positive factors in the

income increasing and the effect of
rural ,electricity is bound to make significant progress.
From the trend of consumption, the level of energy
consumption in rural areas, the total amount is bound to
rise, and will be more convenient and clean power
development in the structure.

3 the potential of the implementation of electric power
substitution in rural energy system

3.1 Major energy-consuming equipment and its
efficiency

Rural household energy consumption include the main
different transportation, kitchen hot water (stove, stove,
gas stove, LPG stove),
conditioning), lighting and home appliances. Different
through various
equipment to achieve .otherwise,different energy devices

heating (stove, stove, air

energy use is energy-consuming
consume different energy sources and consumption
efficiency of different energy sources vary.each energy
efficiency equipment is shown in Table 1 as can be seen
from Table 1, the consumption efficiency of electrical
devices is up to 100%, while other energy efficiency of
energy-consuming equipment were lower, both at 50% or
less.
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Tab 1. The efficiency of energy equipment

use energy equipment energy type efficiency
motorcycle gasoline 30
transportation
car gasoline 30
coal stove coal 50
stove Firewood,straw 50
heating
improved stoves Firewood,straw 50
air conditioning electricity 100
coal stove coal 22
stove firewood, straw 15

improved stoves firewood, straw 27

gas stove biogas 45
kitchen and hot LPG LPG 50
water hoods electricity 95
cooker electricity 95
ventilator electricity 95
water Heater electricity 95
microwave electricity 95
incandescent electricity 95
lighting fluorescent electricity 95
CFL electricity 95

air conditioner  electricity 95

refrigeration

fan electricity 95

TV electricity 95
household

refrigerator electricity 95
appliances

washing machine electricity 95

3.2 Power substitution potential calculation method
for final energy

According to the analysis above, the power plant
efficiency is 95%. After all kinds of non-electric energy

corresponding coal conversion coefficient given, then

divided by the scale factor and folding efficiency of

consumption  of  energy-consuming equipment

corresponding energy consumption efficiency,and the

energy consuming devices, thereby we get converted
energy value of rural non-electric energy. Power
equipment efficiency is 95%, so the potential for
substitution energy in the final energy in the rural areas
can be drawn according to the following formula:

Zza: Eafafn:

E .
Ol -95% @

Where, E is energy conversion of electric energy for other
final energy, kw.h; f: Non-power energy sources,
including firewood, straw, coal, gasoline, liquefied
petroleum gas, etc;a,the type of energy-consuming

equipment;; £ The average energy consumption of a
f

device corresponds to the energy consumption in

a
n o8

kind,kg ; consumption efficiency of

energy-consuming equipment of the energy,%; O

isthe scale factor of Non-electric  energy

resources ,kgce/kg; Ole is the scale factor of electricity,

kgce / kg; N is The actual number of households in rural
areas.

4 Example analysis

Some county in HeBei is a traditional agricultural
county, and the county has a total of 53,400 households,
which accounted for about 89.5 percent of the rural
population. the county's energy shortages, mainly living
energy in rural areas derived from readily available straw,
firewood and other biomass and coal. From different
regions and different income levels, 540 specific data on
the energy consumption of user representative 40 villages,
is shown in Table 2, Table3.,Table 4.

In order to better

compare the number and

consumption of energy resources, all kinds of energy
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resources units are converted into standard coal Tab.4 the average household consumption of non-electric

equivalent standard coefficient according to the national energy in kind
unified standard . energy consumption
Study results show that the implementation of use energy type efficiency

equipment (kg)

substitution for rural energy has great potential ,annual

substitution energy  for  other energy conversion transporta

- It | li 30% 28.70
energy value reached 321 million kw.h. molorcycie - gasoline ’

tion
Tab 2.the average household consumption of energy resources car gasoline 30% 34.20
in kind
heating  coal stove coal 50% 535.52
firewood Straw  coal LPG gas
energy firewood,
(kg (k>  (kg) (k@) (kg> Stove 50% 175.33,357.41
straw
consumption in
102320 11799 90321 159 629 improved  firewood,
kind 50% 378.26,346.50
stoves straw
Tab 3.The fold scaling factor of rural energy kitchen coal stove  coal 2204 367.69
energy firewood straw coal LPG gasoline electricity firewood
0,
conversion stove o 15% 115.34,89.38
0571 05 0714 1714 14714 0.1229 stra
factor . ]
improved  firewood,
27% 354.27,386.67
stoves straw
5 Conclusion
gasstove  biogas 45% 35.20
LPGstove LPG 50% 15.90

The research proposed a calculation method of the

electric power substitution for rural energy . Studies have
Recommendations

shown that: in 1996--2010 firewood, straw, coal accounts

) o Based on these findings, the implementation of
for the proportion of total energy consumption in rural . I .
electricity substitution for rural energy has an important

areas are more than 80%,which are the main source of significance in the rural energy consumption,and we
household energy consumption in rural areas.what’s should actively promote this work.On one hand, the
) relevant government departments should make energy
more,the paper proposed calculation method of the . .

policies as soon as possible to encourage the
potential for substitution energy in the final energy in implementation of rural energy consumption , such as
rural areas economic subsidies, tariff concessions, support for
alternative energy and other reconstruction projects.On
the other hand, promoting rural electrification and
promote the use of household appliances. The power
companies and appliance companies buy home appliances

to be some cooperation on economic subsidies by
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reducing the purchase cost of electrical equipment, so as to
promote power substitution.
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