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Abstract. This study proposed an optimization model combined with
Binding Interval Linear Programming (ILP) and Fuzzy linear programming
(FLP) Methods and further analyzed from the views of economic output,
energy consumption, carbon dioxide emission and emission cost. The
optimization model results demonstrated that the heavy energy
consumption industries will significantly reduce, and the target of the
carbon dioxide emissions per unit of GDP reduction decrease by 40%-45%
from 2005 to 2020. In addition, the economic development model will
trend to optimize the allocation of resources and green economy. However,
a single low-carbon economic policy will always have shortcomings and
low efficiency in emission reduction. Hence, the government should
combine all emission reduction policies together and establish a lowcarbon economy system that practice production activities need.

1 Research background
China puts a positive spin on reducing CO2 emissions by introducing reduction, capture and
storage technologies and issuing related policies on these technical means [1]. However, the
domestic resource structure and production mode are hindering CO2 emissions reduction,
causing contradiction between rapid economic growth and environmental protection [2].
To balance the economy-environment-energy relationship, the system feedback is
simulated as an adjustable mechanism in the model or external adjustment [3-5], and the
interval linear programming (ILP) is used to handle the uncertain information. To address
the subjective uncertainty, the fuzzy linear programming (FLP) is introduced for economic
restructuring and energy planning as the probability distribution or membership extent of
variables (or parameters) are hard to obtain in the real world [6-9]. ILP and FLP were
coupled to cope with a considerable amount of uncertain information among economy,
energy and environment, leading to more stable decision-making results of the optimization
model [10, 11].

2 Determination of objective function and constraints
Aiming to minimize the cost of CO2 emission reduction in the target year, the target total
CO2 emissions, energy consumption, domestic economic growth and industrial economic
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growth are selected as constraints in this study[12]. The satisfaction should be precisely
limited by IFLP method with certain confidence level.
2.1 Setting of objective function
I
J
~
Min f      XGO i  UEC ij  E C ij   j

(1)
In the formula, f is total cost of CO2 emission reduction in 2020 (in one hundred million
Yuan); i is industry, with 27 in total; j is fossil energy, with j=1 as coal, j=2 as natural gas,
j=3 as oil and j=4 as electricity; XGOi is target output value of each industry in 2020 (in
one hundred million Yuan), which is the decision-making variable; UECij is consumption
of energy j per unit output value of industry i (in one million tons of standard coal); α-1 is
CO2 emissions per one million tons of standard coal (in one million tons of CO2/one million
tons of standard coal), with the value of 2.4567 tons of CO2 per one ton of standard coal
recommended by Energy Research Institute, National Development and Reform
Commission; ECij is cost of CO2 emissions reduction for energy j in industry i (in one
i 1 j 1

j

hundred million Yuan/one million tons);
industry in 2020.

is ratio of target CO2 emission reduction of

2.2 Determination of constraints
 Constraint on target total CO2 emissions:
China unveiled at the Copenhagen conference its target to reduce greenhouse gases
emitted per unit GDP by 40-45% from that in the benchmark year, reaching the 2020
control requirement on total CO2 emissions after industrial restructuring.
I

J

 







 UECij  XGOi  10  4  1     BCI   TGDP 

(2)
In the formula, β is target CO2 emissions reduced per unit GDP in 2020, which is 40%45%; BCI is CO2 emission intensity per unit GDP (in one million tons of CO2/one hundred
million Yuan per unit GDP) in 2005; TGDP is target GDP in 2020 (in one hundred million
Yuan).
 Constraint on target total energy consumption:
According to the Notice of Strategic Action Plan for Energy Development (2014-2020)
released by the General Office of the State Council ,the primary energy consumption will
be capped at 4.8 billion tons of standard coal by 2020, of which the fossil energy should be
less than 85%, about 4.08 billion tons.
i 1 j 1

I

J

UEC


ij

 XGOi 104  TEC

(3)
In the formula, TEC is target total fossil energy consumption in 2020 (in one million
tons of standard coal).
 Constraint on domestic economic growth:
The sum of output values of all industries is expected to meet the economic growth
demand in China. According to the planning requirements for overall economic
development in the future, this constraint is to avoid the decline in economic growth
through model optimization.
i 1 j 1
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 XGO  1    IGDP
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i

(4)
In the formula, δ is target domestic annual economic growth (%); IGDP is domestic
GDP in 2015 (in one hundred million Yuan).
 Constraint on gross industrial economic growth:
The constraint on gross industrial economic growth is that industries should
appropriately adjust its economic growth within a certain range.
i 1

XGOi  LGOi

XGO i  UGO i ,  i
and
(5)
In the formula, LGO is lowest gross output (in one hundred million Yuan); UGO is
uppermost gross output (in one hundred million Yuan).
 Constraint on economic growth of each industry:
Constraints on energy consumption in various industries means that optimizing the
composition of energy consumption needs to meet the energy needs of the industry without
affecting economic development.
XGO i  DIE i and XGO i  UIE i ,  i
(6)
In the formula, DIE is the lowest industry output (in one hundred million Yuan); UIE is
uppermost industry output (in one hundred million Yuan).
 Non-negative constraint:
XGO i  0 ,  i
(7)

3 Analysis of model calculations
3.1 Analysis of economic output structure
As shown in Figure 1, 27 industries are classified into energy intensive dependence,
equipment manufacturing and other textile ones respectively. Optimization model results
reveal that the target year (2020) will see economic consumption ratio of energy intensive
dependence industries significantly decreasing [12.59, 14.61] %, and of equipment
manufacturing and other textile industries rising [5.6, 7.25] % and [5.31, 9.01] %,
respectively, from the 2010 levels. Therefore, the IFLP optimization model can reasonably
adjust the economic structure and provide more stable decision-making and guidance for
improving the modern energy market system and deepening the key emission reduction
industries.

Fig. 1. Uncertainty ratio analysis of economic output in main industries in 2010 and the target year
(2020)

3.2 Analysis of energy consumption structure
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China’s energy consumption ranking is coal > oil > electricity > natural gas. According to
the optimization model, the total energy consumption in 2020 is [47.57, 47.78] million tons,
and the optimization results meet the national planning requirements within a moderate
range. As shown in Figure 2, model optimization indicates that energy consumption
ranking will be constant in 2020. However, as top three total energy-consuming
industries ,oil processing, coking and nuclear fuel processing industry, metal smelting and
rolling processing industry, and electricity and heat production and supply industry
accounted for 68.82% coal consumption in 2010.Their energy consumption decreased
[29.38, 32.45] %. Meanwhile, after adjusting the deterministic model using IFLP
optimization model, the energy consumption of four industries including transportation
equipment manufacturing; communications equipment; computers and other electronic
equipment; transportation, storage and post, will rise significantly [14.33, 15.81] % from
the 2010 level until 2020.

Fig. 2. Uncertainty ratio analysis of energy consumption in 2010 and the target year (2020)

Economic restructuring puts a positive spin on energy restructuring and blindly
pursuing carbon emission reduction in the energy structure will lead to economic disorder.
Thus, adjusting of economic output structure and energy consumption structure should be
limited within a certain range. In this paper, the IFLP optimization model for carbon
emission reduction has offered a more stable decision basis for the relationship among
economic structure, energy consumption and carbon emission reduction, making results
more reliable.
3.3 Analysis of CO2 emissions
Considering data of 2010 as an example, China’s CO2 emissions level is consistent with its
energy consumption ranking. About 90% of emission came from burning fossil fuels,
which indicate a strong positive correlation between them. This positive correlation is
related to China’s current energy structure dominated by fossil energy. China’s policy for
CO2 emission reduction aims to promote clean and efficient exploitation and utilization of
coal. China will emit [341, 372] billion tons of CO2 in 2020 resulted by optimization model
(shown in Figure 3). This target can be achieved adequately if the guidance of this model is
strictly implemented.
Relevant policies point out that promotion of the natural gas industry and alternative
energy should be made continuously. In the IFLP optimization model for carbon emission
reduction, it can be projected that by 2020, the energy use ratios of natural gas and
electricity will rise by [1.85, 2.03] % and [2.40, 2.68] %, respectively, from 2010 to 2020.
According to the Reply of the State Council on China’s National Plan for Climate Change
(2014-2020) (G.H. [2014] No. 126) by 2020, the CO2 emissions per unit GDP in 2020 will
fall almost 40-45% compared with 2005 : the ratios of using non-fossil fuel resources in
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primary energy, forest area and storage volume can reach the standards expected in the
optimized deterministic model. This model is devoted to transforming energy intensive
dependence industries which contribute higher emissions to equipment manufacturing
industries and other textile industries.

Fig. 3. Uncertainty analysis of CO2 emissions in the target year (2020)

3.4 Analysis of cost for CO2 emission reduction
Reducing the cost of carbon dioxide emission reduction can better inhibit the non-benign
development of the company. Therefore, it is necessary to increase the technological
investment in petrochemical and other high-energy-consuming industries, accelerate the
transformation and upgrading of technology equipment, reduce energy consumption,
improve the utilization efficiency, and reduce the carbon dioxide emissions. It has made
significant contributions to the environmental protection and control of the malignant
development of high-emission companies. As shown in Figure 4, according to the IFLP
optimization model results, the chemical industry, non-metallic mineral product industry,
metal smelting and rolling processing industry, construction industry, and transportation,
storage and post industry are high-cost industries for carbon emission reduction, accounting
for [57.20, 58.00] %. Thus, they are all industries with potential for emission reduction.

Fig. 4. Cost uncertainty measurement analysis of CO2 emissions in the target year (2020)

4 Conclusion
In this paper, based on low-carbon economic development and IFLP theory, the following
main options can be concluded:
 In the target year (2020), the energy consumption in intensive dependence industries
should have a significant adjustment, from extensive economic growth to relying on
the optimal allocation of resources and clean energy. The optimization model enables
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the market economy to play a guiding role in allocating resources. Precisely, adjusting
to improve the equipment manufacturing and other textile industries fully verifies the
optimization of resources.
China’s energy consumption ranking in 2010 was coal > oil > electricity > natural gas,
which will be unchanged in 2020 after optimization. In the national energy strategy
for development, it is emphatically pointed out that in order to promote the basic
principles of clean and efficient development and utilization of coal, domestic
production of petroleum should be steadily increased, and natural gas should be
vigorously developed to replace energy.
China’s energy consumption ranking in 2020 is expected to be fixed, although the
consumption of natural gas and electricity will rise. The optimization model is devoted
to transforming energy intensive chemical industries which contribute higher
emissions to equipment manufacturing industries and other textile industries.
The cost measurement analysis of CO2 emission reduction is the scientific basis for
formulating and implementing carbon emission reduction policy. Nowadays, China
relies heavily on fossil energy sector and the forced emission reduction will bring a
serious impact on macro economy, i.e. CO2 emission reduction has a high
macroeconomic price or cost.
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