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Abstract. Tourism brings about great economic benefits. However, it inevitably causes severe environmental
issues at the same time as it consumes energy and produces emissions, which would impact the tourism
areas in many respects negatively. As for a region entitled as the world heritages of the nature and culture,
the issue of energy reduction and dependency of the economies on energy has made the need for energy
diversification more urgent. This paper focuses on the low-carbonized adjustment of energy structure in world
natural and cultural heritage area. By applying linear multi-objective optimization method, we construct a
fuzzy multi-objective optimization model analyzing the relationship between energy and social economic,
and environment. Besides, we take Shizhong District of Leshan city (LSD) in China as our study case and
present solutions on the low-carbonized adjustment of energy in this area from a quantitative perspective.
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1 Introduction

Energy security, economic growth and environment protection are the national energy policy drivers of
any country of the world[9]. But during the past two decades, the risk and reality of environmental degradation
have become more apparent. Coal consumption occupies 69% of primary energy consumption in China[14].
However, the comprehensive utilization efficiency of China’s energy is 36.8%, with 10% lower than the world
average of 50%[8]. The main reason for the difference in the utilization rate in energy between China and
developed countries is its coal-dominated energy mix. Nevertheless, different energy forms have different
efficiencies, and the different structures of energy consumption also have different comprehensive energy
utilization efficiencies[1]. Seen from the energy structure of China which is coal-dominated, two options of
the potential energy supply routes could be made: One is to continue the current coal-dominated structure
of supply chains, another is to shift to achieve the quality optimization and diversity of energy supply routes
coupled with nuclear and renewable energy as the crucial alternative energy, so that an efficient, clean and
sustainable energy systems will be established[18]. In order to meet the economic growth and the energy
security, low-carbon economy should be adopted. But it is difficult to meet the requirement of technic, cost,
fundings and something else.

While energy structure adjustment is a multi-objective decision-making problem, in which criteria should
have different weights[10]. Previously, a number of optimization models were developed for facilitating en-
ergy management systems planning. Past studies have focused on data collection and preparation of energy
balance sheets to describe supply and demand[4]. Such tools as single objective programming(SOP), goal pro-
gramming(GP), and expert system are used for analysing scenarios[16]. However, when data are not properly
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known, such preemptive estimates of goals as required by GP may not be feasible at all times. Also, few
studies examined uncertain and complex responses of energy management systems to various development
strategies, as well as emission mitigation measures (e.g. SOx, CO, CO2, NOx) over a long-term period[11].
In fact, these studies could hardly deal with uncertain information which might not be expressed as deter-
ministic values[5]. The complexity of decision making emerges from the conflicts between various objectives,
and vagueness of the information in this problem make the decision-making complicated. Thus, the general
multi-objective optimization model exists limitations[12]. A fuzzy multi-objective optimization model will be
used to assign different weights to the various criteria and study the energy structure adjustment[17].

A fuzzy multi-objective decision-making is applicated in an analogy to non-fuzzy environments “as the
selection of activities which simultaneously satisfy objective functions and constraints”[20]. In fuzzy set theory
the intersection of sets normally corresponds to the logical “and”. The “decision” in a fuzzy environment can
therefore be viewed as the intersection of fuzzy constraints and fuzzy objective functions[21]. The fuzzy deci-
sion can be divided into two categories, symmetric and asymmetric fuzzy decision-making. In a symmetrical
fuzzy decision there is no difference between the weight of objectives and constraints while in the asymmetri-
cal multi-objective fuzzy decision, the objectives and constraints are not equally important and have different
weights[15].

The remainder of this paper is organized as follows. In Section 2, we introduce the existing problem of
the energy structure of LSD. Section 3 is the modeling and mathematical analysis of the fuzzy multi-objective
optimization model, and section 4 is mainly about the model algorithm. The application of the model in LSD
and the pertinence measure of energy adjustment are presented in Section 5. Eventually, we conclude the paper
with some remarks and future research directions in the last section.

2 Problem statement

Leshan, a part of southern Sichuan economic region, is not only the key gateway to connect Chengdu
economic region and Panxi economic region, but also the significant port to enable the trade between Chengdu
economic region and coastal cities, occupying an important strategy position in the economic development of
Sichuan Province. Central District is the center of administration, economic and culture in Leshan City, located
right beside the Giant Buddha scenic area and marked by convenient transportation, abundant resource and
active market.

Both nature and culture are major components of LSD tourism. The natural heritage can boast a unique
combination of PingQiang XiaoSanXia with beautiful scenery and JinYing mountain villa with Landscape et
al. The cultural heritage of LSD is world-famous as well. For instance, the Leshan Giant Buddha is the largest
stone-carved buddha in the world, is preserved in LSD. In 1996, the Leshan Giant Buddha was declared as a
World Heritage Site by UNESCO. Besides the Leshan Giant Buddha, SuJi ancient town with a long history
(originating from sui dynasty) is also well known.With city tourism developing rapidly recent years, the energy
in LSD faces huge pressure.

From 2005 to 2009, LSD maintained a continuous, stable economic growth. Its real GDP (Gross Domes-
tic Product) at the price of 2009 has increased by 78.2% in total, compared with the GDP price of 2005. While
LSD’s economy maintained a rapid growth, its energy use increased but at a much lower rate (See Fig.1).

The current energy system of LSD is based on conventional energy, something that forces the develop-
ment of the district to depend on imported energy. The energy consumption structure of LSD is the typical
coal-dominated mix. Coal consumption occupies more than 60% of primary energy consumptions in LSD.
The ratio of oil in primary energy consumption is 12% ∼ 14%, ranks second in the district. While electrical
energy occupies 9% ∼ 10%, methane and other clean energy cover from 8% ∼ 12%. On the other hand, the
ratio of natural gas is 2% ∼ 4%, which much fewer compared with the ratio of coal and oil. At the same
time, the use of conventional energy, especially coal and oil, leads to the increase of pollutant emissions to
the environment. Because of LSD is still in the stage of vigorous development with low energy efficiency, it
is too difficult to change the coal-dominated energy consumption structure in a short period. Then, optimizing
energy structure, saving energy and reducing consumption, and raising the level of comprehensive utilization
should become an important part of our energy strategy.
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Fig. 1. The energy consumption and GDP of LSD in 2005 ∼ 2009

The level of energy consumption structure and efficiency affect the regional low-carbon economic de-
velopment directly and seriously. To LSD, improving the energy production and consumption structure of
the country and reducing the discharge of pollutants as much as possible by the utilization of clean energy
resources and renewable energy resources. Fortunately, There is an abundance of renewable energy sources in
LSD, such as natural gas, methane, water. The renewable energy resources are friendlier to the environment
compared to conventional energy, which contribute by far in many environmental problems that the world
faces today (greenhouse effect, pollution of atmosphere, soil and water and et al.).

From the investigation of LSD, we can see that coal-dominated energy occupies the majority of central
district energy in the period from 2005 to 2009. Energy consumption gradually increases while the proportion
that coal energy consumption in the whole consumption decreases. In addition, the renewable energy resources
consumption amount takes up small percentage and gradually rises by year. Therefore, the remarkable trend
has laid a good foundation for LSD to make full use of the advantage of clean energy resources and renewable
energy resources such as hydropower, nuclear power, biomass energy to adjust energy structure, and develop
low-carbon economy.

3 Modeling and analysis

In this section, We will now describe general multi-objective modelling. So, the fuzzy multi-objective
model for energy structure optimization will be established, and the mathematical analysis of the model will
be discussed as well.

3.1 Nomenclature

In order to facilitate our research and establish a mathematical model, the meaning of the main parameters
in this model is as follows:
t : Year;
i : Type of energy;
P : Lower multiple of GDP growth value;
R : Least constraint of energy demand;
α : Confidence degree;
µ : Membership degree;
λ : Auxiliary function;
F1 : Total Added value of GDP produced by all types of energy consumption at t year;
F2 : Total pollution amount produced by all types of energy consumption at t year;
Xi(t) : Consumption of type i energy at t year;
Ai(t) : Added valued of GDP caused by by type i energy at t year;
Bi(t) : Pollution amount caused by type i energy at t year.
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3.2 Basic assumptions

The basic assumptions are as follows:
(1) Realizing the coordinated growth of energy, economy, environment and policy is the goal, and the energy
structure optimization is the method.
(2) The change of energy effeciency can be reflected in the gradient replace of various energy. Ignoring the
impact that caused by the change of energy utilization efficiency, the adjustment of economic structure and
the improvement of management level.
(3) The basic driving factor of energy structure adjustment is to maximize the overall welfare of society and
economic efficiency and to minimize the sum of energy pollution load.
(4) Suppose all the energy consumption can be converted to standard coal, the percent conversion of CO2 is
constant.
(5) The considered factor of environment pollution is mainly CO2.

3.3 Modeling

A typical linear model[3] for energy structure optimization problems is below:

max F1 =
5∑

i=1

5∑
t=1

Ai(t)Xi(t), (1)

minF2 =
5∑

i=1

5∑
t=1

Bi(t)Xi(t). (2)

s.t.


ui ≤

xi(t)∑
xi(t)

≤ vi,

P ≥ p,

R ≥ r,

xi(t) ≥ 0.

(3)

where Ai(t) represents economic efficiency of per unit energy, Bi(t) is pollution load of per unit energy, ui

and vi are the dominant constraints of each type of energy, the upper limit and lower limit, respectively. P is
the lower multiple of GDP growth and R represents the minimum amount of energy demand.

Two objective functions-economic efficiency Eq. (1) and pollution load Eq. (2) are formulated to maxi-
mize energy economic efficiency, minimize energy pollution load, respectively. The set Eq. (3) is constrains
of the model, including the reasonable proportions for different types of energy consumption in overall energy
utilization, the energy consumption and the energy for daily production and consumption.

In a real case, DMs do not have exact and complete information related to decision criteria and con-
straints. For energy structure optimization problems the collected data does not behave crisply and they are
typically fuzzy in nature[6]. A fuzzy multi-objective model is developed to deal with the problem. Before
presenting the fuzzy model, some definitions and notation should be discussed.

Then, the linear programming problem of energy structure optimization with fuzzy goal and fuzzy con-
straints may be presented as follows:

max F1 =
5∑

i=1

5∑
t=1

Ãi(t)Xi(t),

min F2 =
5∑

i=1

5∑
t=1

B̃i(t)Xi(t).

In this model, the sign ∼ indicates the fuzzy environment. As the relevant data are uncertain and we lack
the original data source, data are obtained by the experts’ judgement and thus, the data are quite fuzzy, called
fuzzy numbers.
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The economic benefits of energy is influenced by market and is fluctuated when the market factors
change. Therefore, it is not certain and called fuzzy number.

As the environmental policy and technology is developing continuously, the pollution amount doesn’t
remain the same over time. It’s likely influenced by technology and policy, which makes it a fuzzy number
too. And constraints:

(1) Main constraint: By analyzing the energy structure and the development trend of low-carbon econ-
omy in Leshan District over these years, we predict the main energy structure in the next five years. Due to
the significance of coal in national economy, it will still occupy the largest portion in the energy structure
although the amount of coal might gradually be small because of low-carbon. One the other hand, the use of
clean energies, like natural gas, electricity, biogas will be more and more, although their proportions are still
very small, largely between 2% ∼ 20%.

Coal (55% ∼ 70%), thus: 0.55 ≤

5P
t=1

(X1(t)+0.7X4(t))

5P
i=1

5P
t=1

Xi(t)

≤ 0.7,

Oil (10% ∼ 20%), thus: 0.1 ≤

5P
t=1

X2(t)

5P
i=1

5P
t=1

Xi(t)

≤ 0.2,

Natural gas (2% ∼ 10%), thus: 0.02 ≤

5P
t=1

X3(t)

5P
i=1

5P
t=1

Xi(t)

≤ 0.1,

Electricity (2% ∼ 15%), thus: 0.02 ≤

5P
t=1

X4(t)

5P
i=1

5P
t=1

Xi(t)

≤ 0.15,

Methane (2% ∼ 20%), thus: 0.02 ≤

5P
t=1

X5(t)

5P
i=1

5P
t=1

Xi(t)

≤ 0.2.

(2) The lower multiple of GDP growth: P̃ ≥ 1.4%.
Based on the large base and rapid growth of Chinese population, there is a great number of labour

increased every year and government creates more job opportunities in order to make sure that the increased
labour population can have jobs. The lower limit of GDP growth illustrates that the GDP growth produced by
protection employment offered by government. Taking into account of the data this year in Leshan District,
the lower multiple of GDP growth is approximately 1.4%.

By applying SPSS software to run a linear regression analysis, the relationship between energy consump-
tion and minimum GDP increase can be obtained:

P = 0.68X1(t) + 0.13X2(t) + 0.045X3(t) + 0.112X4(t) + 0.141X5(t).

(3) The constraint of total energy consumption: 620, 000 ≤ R̃ ≤ 4, 000, 000.

The constraint of total energy consumption include not only the lower limit of total energy consumption
on the condition of ignoring economic growth and only meeting the level of basic production and daily use
(e.g. car gas consumption, living electricity consumption, domestic water consumption, etc.), but also the
upper limit of total energy consumption under the economical swift growth premise. Taking into account of
the data over these years in LSD, the minimum energy demand occupies 30% of total energy demand, which
is about 620,000 tons of standard coal. Besides, the upper limit of total energy consumption is about 4,000,000
tons of standard coal. R is the sum of various kinds of energy consumption each year:

R = X1(t) + X2(t) + X3(t) + X4(t) + X5(t).

(4) Nonnegative constraint, thus: Xi(t) ≥ 0.
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3.4 Mathematical analysis

Zimmermann has solved problems by using fuzzy linear programming. He formulated the fuzzy linear
program by separating every objective function F into its maximum F and minimum F value by solving:

First, based on the research of Buckley (1989), we transform the original problem, which is a fuzzy
problem, into a clear linear programming problem by introducing the parameter α[13]:

Ãi(t) = [ait; ait; ait].

From the rules of triangular fuzzy numberthe following formula can be obtained as

F1 =
5∑

i=1

5∑
t=1

Ãi(t)Xi(t),

which is equal to F1 =
[

5∑
i=1

5∑
t=1

aitxit;
5∑

i=1

5∑
t=1

aitxit;
5∑

i=1

5∑
t=1

aitxit

]
.

The defuzzification results of the above functions were as follows:

max F1 =
5∑

i=1

5∑
t=1

aitxit − α

(
5∑

i=1

5∑
t=1

aitxit −
5∑

i=1

5∑
t=1

aitxit

)
, α ∈ [0, 1],

max − F2 =−
5∑

i=1

5∑
t=1

bitxit − α

(
−

5∑
i=1

5∑
t=1

bitxit +
5∑

i=1

5∑
t=1

bitxit

)
, α ∈ [0, 1].

And the defuzzification process of constraint P and R are

−P ≤ −p̃.

P is a triangular fuzzy number:−p̃ = [−p;−p;−p].
Introduce parameter α, then above function can be transformed into

−P ≤ −p− α(p− p), α ∈ [0, 1],

that is equal to: P ≥ p + α(p− p), α ∈ [0, 1].
By using the same method:

R ≥ r + α(r − r), α ∈ [0, 1].

The possible distribution of parameter α provides a way of measuring the possibilities and reliability of
a decision risk. Those information makes it possible for decision makers to achieve equilibrium compromise
between target value and possible value. Once α is determined, complicated fuzzy multi-objective problem
turn into a clear multi-objective one.

4 Model algorithm

In this section, we’ll make a fuzzy calculation at different values of α. Assume that α = α0, we firstly
calculate the maximum and minimum values of the target function in certain distribution:

Fmax
1 (x0) = max

x∈Xα
F1(α0)

Fmin
1 (x0) = min

x∈Xα
F1(α0)

Fmax
2 (x0) = max

x∈Xα
F2(α0)

Fmin
2 (x0) = min

x∈Xα
F2(α0).
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We have F1, F2 and membership degree µ1(α0) and µ2(α0):
µ1(α0) =

F1 − Fmin
1

Fmax
1 − Fmin

1

µ2(α0) =
Fmax

2 − F2

Fmax
2 − Fmin

2

Target aggregation (µ1(x), µ2(x)), the minimum is min(µ1(x), µ2(x)), then:

max
x∈Xα

(min(µ1(x), µ2(x))).

Introduce instrumental variable λ and assume λ = min(µ1(x), µ2(x)), so the following crisp single
objective programming is equivalent to the above fuzzy model:

max λ.

s.t. : {
λ ≤ µi(x), i = 1, 2,

x ∈ Xα.

Through this process, multi-objective problem became easy single objective problem. We can calculate
different results at different values of α.

Complete formulations of energy structure optimization to the fuzzy multi-objective model are stated in
the following steps:
Step 1. Construct the fuzzy multi-objective model according to the criteria and constraints of the energy
structure optimization problem.
Step 2. Solve the fuzzy multi-objective energy structure optimization problem as a single-objective energy
structure optimization using each time only one objective. This value is the best value for this objective as
other objectives are absent.
Step 3. From the results of step 2, determine the corresponding values for every objective at each solution
derived.
Step 4. Based on step 3, for each objective function find a lower bound and an upper bound corresponding to
the set of solutions for each objective.
Step 5. Find the membership function for the objective functions and fuzzy constraints.
Step 6. Based on step 5 and DM’s preferences, as well as fuzzy convex decision-making method, formulate
the equivalent crisp model of the fuzzy optimization problem.
Step 7. Find the optimal solution vector x, where x is the efficient solution of energy structure optimization
problem with the DM’s preferences.

The model algorithm is illustrated through a numerical example.

5 Application in LSD

In this section, we will apply the above fuzzy multi-objective model to the data of LSD in 2011-2015.
Then, we make conclusions by comparing our calculating results and present the proposal of energy structure
optimization in LSD.

5.1 Data sources

As a whole, with the advance of science and technology, the efficiency of energy is raised and the GDP
which is produced by the energy is also increased. Accordingly, the direct pollution of CO2 is reducing
continuously. Through the energy statistics of LSD in recent ten years and the analyses, we predict the GDP
(See Tab. 1) yielded by each unit of energy and the amount of pollution (See Tab. 2) from 2011 ∼ 2015 by
using linear regression method.
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Table 1. GDP produced by each unit of energy during 2011 ∼ 2015 (RMB/tce)

Years Coal Oil Natural Gas Electricity Methane
2011 (4600,5800,7100) (5700,7200,8600) (900,1100,1300) (4900,6200,7400) (500,650,770)
2012 (5100,6400,7700) (6400,8000,9600) (1000,1200,1500) (5500,6900,8300) (570,700,860)
2013 (5700,7100,8500) (6800,8500,10200) (1100,1400,1600) (6100,7600,9100) (600,790,950)
2014 (6200,7700,9300) (7400,9300,11200) (1200,1500,1800) (6700,8300,9900) (690,860,1000)
2015 (6700,8400,10100) (8100,10200,12200) (1300,1600,2000) (7300,9100,10900) (750,940,1100)

Table 2. The CO2 pollution produced by each unit of energy during 2011 ∼ 2015 (kg/tce)

Years Coal Oil Natural Gas Electricity Methane
2011 (3300,4100,4900) (2600,3300,4000) (1600,1900,2300) (0,0,0) (1080,1360,1600)
2012 (3200,4000,4800) (2400,3000,3600) (1530,1850,2250) (0,0,0) (1050,1312,1570)
2013 (3000,3700,4500) (2200,2800,3300) (1500,1820,2220) (0,0,0) (1020,1270,1530)
2014 (2800,3500,4200) (2000,2500,3000) (1450,1800,2150) (0,0,0) (990,1230,1480)
2015 (2400,3100,3700) (1700,2200,2600) (1400,1760,2100) (0,0,0) (960,1210,1450)

5.2 Numerical results

The linear programming software LINGO is used to solve this problem. According to different confident
level of , the optimal solution can be obtained when is at the level of 0, 0.2, 0.4, 0.6, 0.8, 1 respectively, which
is the energy consumption of each type of energy per year.(See Tab. 3 ∼ 8)

Table 3. The energy consumption structure of LSD in 2011 ∼ 2015 (α-cut level equal to 0)

Years
The consumption

and percentage
of coal

The consumption
and percentage

of oil

The consumption
and percentage
of natural gas

The consumption
and percentage
of electricity

The consumption
and percentage

of methane
2011 1140918.23 60.39% 223498.30 11.83% 104286.61 5.52% 212351.73 11.24% 208195.38 11.02%
2012 1229935.61 59.72% 237254.83 11.52% 119039.31 5.78% 232929.89 11.31% 240344.08 11.67%
2013 1304541.73 58.77% 249054.93 11.22% 135848.14 6.12% 252384.54 11.37% 277911.56 12.52%
2014 1391431.09 57.83% 260096.32 10.81% 154229.18 6.41% 275254.57 11.44% 325060.25 13.51%
2015 1457224.20 56.79% 269941.87 10.52% 173460.74 6.76% 296628.13 11.56% 368732.38 14.37%

Table 4. The energy consumption structure of LSD in 2011 ∼ 2015 (α-cut level equal to 0.2)

Years
The consumption
and percentage

of coal

The consumption
and percentage

of oil

The consumption
and percentage
of natural gas

The consumption
and percentage
of electricity

The consumption
and percentage

of methane
2011 1146019.20 60.66% 231244.23 12.24% 97107.46 5.14% 208195.38 11.02% 206683.98 10.94%
2012 1232818.92 59.86% 246934.49 11.99% 113684.60 5.52% 228398.96 11.09% 237666.73 11.54%
2013 1310313.06 59.03% 259043.76 11.67% 129188.92 5.82% 247723.09 11.16% 273472.08 12.32%
2014 1403220.84 58.32% 272126.68 11.31% 144604.89 6.01% 270201.82 11.23% 315917.17 13.13%
2015 1477495.50 57.58% 280975.61 10.95% 159604.41 6.22% 290726.36 11.33% 357185.43 13.92%

From the above tables, we know that the bigger α has the worse optimal result. Decision-makers can
whether make risky or safe decisions based on specific contexts with their preferences. Meanwhile, from the
fluctuation trend of the date and on the premise of low-carbon, energy consumption will gradually show the
trend of low carbonization, which means that the use of natural gas, electricity, biogas and other clean energy
will increase. On the other hand, the ration of unclean energy, such as coal and product oil in the whole energy
structure will reduce.
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Table 5. The energy consumption structure of LSD in 2011 ∼ 2015 (α-cut level equal to 0.4)

Years
The consumption

and percentage
of coal

The consumption
and percentage

of oil

The consumption
and percentage
of natural gas

The consumption
and percentage
of electricity

The consumption
and percentage

of methane
2011 1165856.33 61.71% 235589.51 12.47% 85205.19 4.51% 205550.43 10.88% 197048.80 10.43%
2012 1254649.65 60.92% 249405.90 12.11% 99062.13 4.81% 225515.66 10.95% 230870.36 11.21%
2013 1334286.26 60.11% 261041.53 11.76% 111652.97 5.03% 244615.45 11.02% 268144.70 12.08%
2014 1425597.31 59.25% 271886.07 11.30% 132574.53 5.51% 267314.53 11.11% 308698.96 12.83%
2015 1498279.99 58.39% 284054.80 11.07% 149597.06 5.83% 287133.98 11.19% 346921.49 13.52%

Table 6. The energy consumption structure of LSD in 2011 ∼ 2015 (α-cut level equal to 0.6)

Years
The consumption
and percentage

of coal

The consumption
and percentage

of oil

The consumption
and percentage
of natural gas

The consumption
and percentage
of electricity

The consumption
and percentage

of methane
2011 1182859.58 62.61% 238423.38 12.62% 81048.84 4.29% 201960.85 10.69% 184957.60 9.79%
2012 1273185.19 61.82% 255584.41 12.41% 93295.52 4.53% 221602.60 10.76% 215835.99 10.48%
2013 1353598.01 60.98% 266812.86 12.02% 107879.41 4.86% 240619.91 10.84% 250830.72 11.30%
2014 1448454.98 60.20% 280307.32 11.65% 123431.46 5.13% 262502.39 10.91% 291375.25 12.11%
2015 1514189.12 59.01% 287647.18 11.21% 139076.51 5.42% 281745.41 10.98% 343329.10 13.38%

Table 7. The energy consumption structure of LSD in 2011 ∼ 2015 (α-cut level equal to 0.8)

Years
The consumption
and percentage

of coal

The consumption
and percentage

of oil

The consumption
and percentage
of natural gas

The consumption
and percentage
of electricity

The consumption
and percentage

of methane
2011 1218566.41 64.50% 239745.86 12.69% 69713.33 3.69% 186468.99 9.87% 174755.65 9.25%
2012 1307372.95 63.48% 256408.21 12.45% 81144.45 3.94% 205332.52 9.97% 209245.58 10.16%
2013 1390223.73 62.63% 269032.60 12.12% 92119.25 4.15% 223305.94 10.06% 245059.40 11.04%
2014 1492486.09 62.03% 281750.96 11.71% 105626.53 4.39% 243975.64 10.14% 282232.18 11.73%
2015 1565508.86 61.01% 290982.96 11.34% 122654.19 4.78% 261987.31 10.21% 324853.99 12.66%

Table 8. The energy consumption structure of LSD in 2011 ∼ 2015 (α-cut level equal to 1)

Years
The consumption
and percentage

of coal

The consumption
and percentage

of oil

The consumption
and percentage
of natural gas

The consumption
and percentage
of electricity

The consumption
and percentage

of methane
2011 1248794.42 66.10% 242201.88 12.82% 49309.43 2.61% 182312.65 9.65% 166631.87 8.82%
2012 1338883.36 65.01% 257643.91 12.51% 64668.42 3.14% 199977.81 9.71% 198330.21 9.63%
2013 1424851.69 64.19% 273472.08 12.32% 74361.32 3.35% 216868.69 9.77% 230187.13 10.37%
2014 1525689.88 63.41% 284397.64 11.82% 91671.32 3.81% 236757.43 9.84% 267555.14 11.12%
2015 1604255.27 62.52% 296114.94 11.54% 105718.68 4.12% 254289.34 9.91% 305609.09 11.91%

In the next section, we’ll discuss the adjustment of low carbonization of energy in LSD and present
specific measures of sustainable development in terms of economy, ecology and environment.

5.3 Proposal

The general policy of energy strategic is “insist on developing and saving, rank saving to the first place”,
that is very important for change the economic growth from extensive form to intensive form. Ranking sav-
ing energy to the No.1 doesn’t mean neglecting the importance of energy development. The energy structure
optimization should persist in the core of improving energy effeciency, which not only develop energy pro-
duction vigorously but also saving energy with the increased energy supply[7]. The energy optimization of
LSD is a long-term strategythat including 3 key aspects: energy development, energy consumption, support
environment (Fig.2).
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scientific and technological support

ensure energy reliability develop renewable energy

To ensure energy supply by the energy  infrustructure construction

give full play to the basic role of market forces in allocating resources

encourge energy conservation improve energy effeciency

Support
Environ-

ment

public
administration

social life

low-carbon
education

Energy development

Energy Consumption  

Fig. 2. The three emphases of energy development in LSD

5.3.1 Energy structure adjustment

To improve the environmental quality, enhance capacity for sustainable development and own the con-
dition of rich-energy district, we should optimize energy structure and guarantee the energy safety under the
precondition of ensuring supply and afford ability. The trend of energy structure adjustment should be like this:
Optimizing the coal internal structure by increasing funding investment and introducing advanced technology
that relying on the preponderance of coal in LSD.

Focusing on the transformation and purification of coal can not only strengthen the self-sufficiency ca-
pability of energy and decrease external interdependency, but reduce the pollution of environment. Besides,
we should also diversify energy kinds, especially the development and use of clean energy and renewable
energy, such as natural gas, methane, solar-power. We need to tap the potential of various energy sources, so
that the proportion of clean energy can be improved significantly, which would contribute to the construction
of environment-friendly, resource-conserving society.

5.3.2 Save energy and improve energy effeciency

To meet the requirements of the scientific concept of development and deal with the major issues that is
related to sustainable economic and social overall development of LSD, we should play the way that is energy
saving, high-tech, economic-efficient, low resource consuming, little environmental polluting and in which
human resources could be made full use of.

It is necessary to make greater efforts to conserve energy resources, down to earth and at the same time
focusing on the future, since energy conservation and energy efficiency has great potential and possibilities.
But whether LSD can achieve economic growth targets with less energy input, to a large extent depends on the
effective exploration of the potential of the energy conservation. Therefore, energy-saving should be placed
on the primacy of energy strategy.

5.3.3 Strengthen the popularizing of science and technology, strengthen the technological innovation
and increasing funding investment

The undeveloped technology is the main reason that energy dissipation and environmental pollution.
Closing the gap between the current energy technology and the international advanced technology rapidly has
very important practical significance and long-term effects: producing the straightforward economic benefit
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and environmental benefit; alleviating the negative impact of the energy problem; enhancing the competitive-
ness of energy and related industries; protecting energy resource and environmental capacity[19]. They can
offer a reserve resource guarantee for transition to the new energy-technology system.

Long replacement cycles is one important characteristic of energy development, and it will take 20 ∼ 30
years to complete the course of major energy from concept design to commercialization. Therefore, energy
development strategy should be considered and the basic research should be carried out in the area with
significant development prospects at present for preparation of long-term energy development.

5.3.4 Strengthen energy management

To establish an opening energy market in order, the government of LSD should play a leading role and
deepen the reform of management system. In order to achieve the normalization of energy management and
meet modern energy-conservation requirement, the government should further strengthen their efforts and
implement efficient energy management in several aspects including strengthening the construction of insti-
tution, formulating energy policy, improving service system, prompting the reform of industry and promoting
energy-saving education.

Meanwhile, the LSD government ought to put great emphasis on environmental protection and promote
the sustainable development of economy and society. In the process of promoting “Low Carbon Prior District”,
that is supposed to establish the responsibility system of environmental protection-targeting management, and
bring the aim of environmental and ecological protection into the estimation of social economical develop-
ment and the assessment of cadres’ performance. Investment promotion or project construction must strictly
implement environment assessment, emphasize on developing economic.

5.3.5 Promote the construction of demonstration

According to the energy structure of LSD, the demonstration construction of LSD may start from some
clean energy to implement the clean energy construction such as the development and construction of methane,
the comprehensive utilization of straw. Meanwhile, the construction of energy-saving project is emphasized
and the utilization of efficient clean energy is encouraged such as hydropower and natural gas. Besides, the
government should implement the great project of energy-saving demonstration and promotes the government
procurement for devices and products which have remarkable energy-saving effect.

LSD should insist the guidelines of achieving development and energy conservation together, strengthen
the leadership of organizations, highlight the prominent position of enterprises and strictly follow the target
management. Moreover, they should also make full use of market mechanism, comprehensively take the meth-
ods of finance, environmental protection, real estate and industry policies, eliminate the left-behind technol-
ogy, crafts, devices and products in accordance with related rules and prevent backward production capacity
transfers[2].

6 Conclusion

In this paper, we analyze the multi-objective optimization model and apply it to world natural and cultural
heritage area. By adding fuzzy parameters, it enhances the elasticity of the calculation results and makes
them more reasonable and credible. This paper defuzzies the parameters and calculates the energy adjustment
goal from multi-objectives to single objective. Through the analysis of the result, the overall course and the
significance of certain elements are clear.

We combine the current energy structure and optimized goal and bring out measures to optimize the
energy structure from energy development, energy consumption and support environment angles. These mea-
sures may help governments to establish more effective policy related to adjust the energy structure of LSD.
Through the application and analyses, we find that the model is effective and profitable that can be used in
other areas.

Still, there are some limitations of this research. The next step of our future research work is to improve
the accuracy of calculation with other mathematical and statistical methods.
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