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Carbon emissions of power industry in China have accounted for more than half of the total emissions. How to decrease them
is important for realizing carbon emission reduction. This paper proposes a carbon market feedback mechanism to power
market, comprehensively considering the influence of generation structure, carbon intension, and technological progress on carbon
emission reduction in power industry, and builds a potential model based on dynamic system. Operation system results show that
the increasing trend of carbon emission can be controlled effectively but always with a lag. At the same time, sensitivity analysis
results show that carbon emission reduction can be better realized by adjusting power structure and improving technological level;
the former can reduce 32% and the latter can reduce 60% at most.

1. Introduction
In the 21st century, climate change has been one of the most
serious problems; carbon dioxide, discharged by fossil fuel
combustion, plays the main role in causing global greenhouse
effect, in which discharge by thermal power accounts for
more than half of the total emissions. Facing increasing environmental costs, environmental pollution treatment simply
depending on administrative control lacks persistence [1].
Greenhouse gas emission reduction needs close international
cooperation because of its wide scope, so environmental
problems can be solved effectively by market mechanism [2–
4].
In the research of controlling carbon dioxide emissions
through market mechanism, international and domestic academics have made some valuable achievements. Emissions
trading is an effective measure to promote carbon emission
reduction. The theory of emissions trading comes from the
“Pigovian Tax.” Pigou, who is welfare economist, advocates
punitive emissions or rewards for emission-controlled enterprises, which could control pollution and protect the environment more effectively [5]. The pioneering research in the field

of air pollution control, made by Croker, further promotes
the development of emissions trade theory [6]. Initial carbon
emission allocation system, proposed by Hahn, is an important mechanism, which will affect transactional efficiency
under imperfect competition [7]. Further researches show
that the initial allocation will affect enterprise’s financial
burden and competitiveness, and the key factors that affect
competitiveness include energy intensity, emissions reduction technology, and market demand elasticity [8, 9].
China’s research on carbon emission reduction mechanism is slightly later than other countries. From the perspective of China’s carbon market, it is appropriate to adopt an
allocation method at present, which is free allocation as the
main and paid quotas for the auxiliary [10, 11]. Changsheng
et al. modeled a two-stage dynamic game, taking two typical
iron and steel enterprises as research object, and investigated
the effects of unified carbon tax and differential carbon tax
on reduction cost, social economic benefit, and enterprise
competitiveness [12]. Chen and Teng developed an international cooperation carbon reduction mechanism, which can
deal with perfect competition and monopoly carbon market
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structure [13]. Wu et al. examined CO2 emission efficiency
and productivity in 286 Chinese cities under different production scenarios using a nonradial directional distance
function approach and found that total-factor emission efficiency varies considerably across regional and different-sized
city groups [14]. Wong et al. examined various energy-related
carbon dioxide (CO2 ) reduction measures and demonstrated
that the influence of users on CO2 reduction is significant and
compatible with the influence of water-efficient showerheads
[15].
This paper puts forward a set of feedback mechanisms,
which applies to the status quo of domestic power industry
carbon emissions. Through the carbon market feedback to
the electricity market, it restrains carbon emissions growth
in power industry. With system dynamics as a platform, this
paper builds carbon emission reduction potential model in
power industry, sets related parameters according to different
scenarios, takes power structure, carbon intensity, and technology progress for sensitivity analysis, and verifies the feasibility and effectiveness of the feedback mechanism according
to the operation results.

2. Materials and Methods
2.1. Carbon Market Feedback Structure. China’s per unit
electricity carbon emission is 1.3–1.4 times that of the United
States; in the meantime, the power industry is one of
the larger proportion industries in total carbon emissions.
How to effectively control carbon emission is the key point
for future time. Exploring carbon reduction potential and
realization path in power industry is the critical path in the
process of developing low carbon economy in our country
[16–19]. Considering the affinity between carbon market and
power market, this paper builds a carbon market feedback
structure to power market through controlling important
factors in carbon market; it affects the carbon emissions
in power market adversely. The feedback structure mainly
includes two feedback loops, which was shown in Figure 1.
Loop 1. The growth of thermal power generation increases
coal consumption and pollution emissions, reduces the
opportunities and income, which comes from power suppliers to participate in the emissions reduction trading, thus
improving carbon emission trading cost, reduces the proportion of thermal power generation relatively, and reduces
thermal power generation, which constitutes the negative
feedback loop in carbon emission trading link.
Loop 2. The growth of power consumption increases thermal
power generation and then increases carbon emission in
power industry, which results in an increase of carbon
emissions throughout the market. Under the condition that
GDP growth remains the same, carbon emissions intensity
was relatively increased and power consumption growth
slows down and thus reduces electricity consumption, which
constitutes the negative feedback loop in carbon emission
intensity control link.
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Figure 1: System basic variable causal loop diagram.

2.2. Carbon Reduction Potential System Dynamics Model.
According to the analysis of system structure and the modeling principle of system dynamics, the software Vensim was
used to draw carbon reduction potential analysis model in
power industry [20–23]. The model includes power generation subsystem and carbon emissions subsystem; the former
is divided into two modules, power demand and power
generation structure, and the latter is also divided into two
modules, carbon emissions trading and carbon emission
intensity control.
Modeling language adopts DYNAMO; in the equation, 𝐿
expresses state variable, 𝑅 expresses rate variable, A expresses
auxiliary variable, and 𝐷𝑇 expresses time step between
moment 𝐽 and moment 𝐾.
2.2.1. Power Demand Module. The system dynamic model
of power demand module was shown at the bottom-right
part in Figure 2. Power demand, affected by social economic
level, is the main factor to define generation, which in
turn affects the power generation coal consumptions and
emissions. This module calculates power demand on the basis
of accumulating GDP by industry [24, 25]. In the meantime,
considering the consumer power sensitivity to price changes,
the energy price elasticity coefficient was introduced to
calculate power demand changes caused by price changes,
expressed in the following formulas:
𝑇𝑃 .𝐽𝐾 = INTEG (𝐷 ∗ (𝑃𝐵 .𝐽 − 𝑃𝐷.𝐽) , 𝑇𝑃 .𝐽)

(1)

𝑃𝐵 .𝐾 = 𝑇𝑃 .𝐾 ∗ 𝜉𝐵

(2)

𝑃𝐷.𝐾 = 𝑇𝑃 .𝐾 ∗ 𝜉𝐷

(3)

GDP.𝐽𝐾
= INTEG (𝐷 ∗ (ΔGDP.𝐾 − ΔGDP.𝐽) , GDP.𝐽)
ΔGDP.𝐾 = GDP.𝐽 ∗ 𝛼
𝑃GDP .𝐾 =

GDP.𝐾
𝑇𝑃 .𝐾

𝛽 = 𝛽1 𝑃GDP .𝐾 + 𝛽2 ∗ 𝛼 + 𝛽3 ∗ 𝜒 + 𝜀

(4)
(5)
(6)
(7)
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Figure 2: Carbon reduction potential system dynamics model in power industry.

𝛿𝐺 = 𝜂 ∗ 𝜅3

Δ𝐶𝐸 .𝐾 = 𝐶𝐸 .𝐽 ∗ (1 + 𝛽)

(8)

𝐶𝐸 .𝐾 = INTEG (𝐷 ∗ (Δ𝐶𝐸 .𝐾 − Δ𝐶𝐸 .𝐽) , 𝐶𝐸 .𝐽) ,

(9)

𝑇𝐶.𝐾 = 𝑃𝐸 .𝐾 ∗ 𝛿𝐶

(14)

where 𝑇𝑃 expresses population gross; .𝐾 expresses 𝐾 time
node; .𝐽 expresses 𝐽 time node; 𝐷 expresses time period from
𝐽 to 𝐾; 𝑃𝐵 expresses population augmenter; 𝜉𝐵 expresses
birth rate; 𝑃𝐷 expresses population decrement; 𝜉𝐷 expresses
death rate; GDP expresses gross domestic product; ΔGDP
expresses value added of gross domestic product; 𝛼 expresses
GDP growth rate; 𝑃GDP expresses per capita GDP; 𝛽 expresses
electricity consumption growth rate; 𝛽1 , 𝛽2 , 𝛽3 , respectively,
express the fitting parameters of per capita GDP, GDP growth
rate, and power demand elasticity; 𝜒 expresses power demand
elasticity coefficient; 𝜀 expresses error coefficient of fitting
function; Δ𝐶𝐸 expresses power consumption augmenter; 𝐶𝐸
expresses power consumption.

𝑇𝑂.𝐾 = 𝑃𝐸 .𝐾 ∗ 𝛿𝑂

(15)

𝑇𝐺.𝐾 = 𝑃𝐸 .𝐾 ∗ 𝛿𝐺

(16)

2.2.2. Power Generation Structure Module. The system
dynamic model of power generation structure module was
shown at the upper-right part in Figure 2. This paper mainly
researches the carbon reduction potential in power industry,
so only the thermal power generating part was studied.
This module introduces power generation structure impact
factors to represent the desired thermal power ratio; for
thermal power generation energy structure, thermal power
energy structure impact factors were used to express the
proportion of each fuel.
𝑃𝐸 .𝐾 = 𝐶𝐸 .𝐾 ∗ 𝜙

(10)

𝛿𝐶 = 𝜂 ∗ 𝜅1

(11)

𝛿𝑂 = 𝜂 ∗ 𝜅2

(12)

𝜙.𝐾 = DELAY (𝑜𝜙 .𝐾 − 𝜌𝐸𝑃 .𝐽 ∗ 𝛾, 𝐷𝑇) ,

(13)

(17)

where 𝑃𝐸 expresses thermal power generation; 𝜙 expresses
the proportion of thermal power generation; 𝛿𝐶 expresses the
proportion of coal consumption; 𝛿𝑂 expresses the proportion
of oil consumption; 𝛿𝐺 expresses the proportion of natural
gas consumption; 𝜂 expresses power generation structure
impact factors; 𝜅1 , 𝜅2 , 𝜅3 , respectively, express the proportion
parameters of three kinds of energy; 𝑇𝐶 expresses coal
consumption; 𝑇𝑂 expresses oil consumption; 𝑇𝐺 expresses
natural gas consumption; 𝑜𝜙 expresses the desired value
of thermal power generation proportion; 𝜌𝐸𝑃 expresses the
difference between actual carbon emission and desired value
in power industry; 𝛾 expresses delay coefficient; DELAY1(𝑓, 𝑡)
is the delay function of system dynamics, 𝑓 is the delay
value, and 𝑡 is delay time. In tape (17), considering the lag
nature of enacting the actual proportion of thermal power
generation, the delay link was set in the power generation
structure model; the delay time is the interval from moment
𝐽 to moment 𝐾.
2.2.3. Carbon Emissions Trading Module. The system
dynamic model of carbon emissions trading module was
shown at the upper-left part in Figure 2, which mainly studies
the influence of carbon emissions on the carbon emissions
trading market, including carbon emissions initial quota,
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transaction amount, and transaction price, expressed in the
following formulas:

𝑂EC .𝐾 = 𝐸𝐶.𝐾 ∗ IF THEN ELSE (

𝐸𝐶.𝐾 = 𝑇𝐶.𝐾 ∗ 𝜇𝐶 + 𝑇𝑂.𝐾 ∗ 𝜇𝑂 + 𝑇𝐺.𝐾 ∗ 𝜇𝐺
Δ𝐸𝐶.𝐾 = 𝐸𝐶.𝐾 − 𝐸𝐶.𝐽
Δ𝐼𝐶.𝐾 = DELAY (Δ𝐸𝐶.𝐽 + Δ𝐸𝑈.𝐽, 𝐷𝑇)

(18)

where 𝐸𝐶 expresses carbon emissions in power industry;
𝜇𝐶, 𝜇𝑂, 𝜇𝐺, respectively, express the carbon emissions coefficient of three kinds of energy; Δ𝐸𝐶 expresses value added
of carbon emissions in power industry; Δ𝐼𝐶 expresses value
added of industrial carbon emissions; Δ𝐸𝑈 expresses value
added of other industries carbon emissions; 𝐼𝐶 expresses total
carbon emissions.
Because of the delay when counting up the value added of
carbon emissions, a delay link needs to be set; the delay time
is the interval from moment 𝐽 to moment 𝐾. The value added
of other industries was forecasted according to history values.
In order to better study the influence of carbon emissions
on the carbon emissions trading market, this paper sets a
desired value of carbon emissions and, according to the
deviation rate between the carbon emission actual value and
the carbon emission target value, calculates the carbon emissions initial quota weighted coefficient, the carbon emissions
trading limit weighted coefficient, and the carbon emissions
trading price weighted coefficient. Because of the deviation
rate, delay link was introduced.
𝜌𝐸𝑃 .𝐾 = DELAY (𝐼𝐶.𝐾 − 𝑂𝐼𝐶 .𝐽, 𝐷𝑇)

𝜛2 .𝐾 =
𝜛3 .𝐾 =

𝜌𝐸𝑃
𝐸𝑃
𝜌𝐸𝑃
𝐸𝑃
𝜌𝐸𝑃
𝐸𝑃

.𝐾 ∗ 𝜎1
(19)

.𝐾 ∗ 𝜎2
.𝐾 ∗ 𝜎3 ,

𝐸QC .𝐾 = 𝐼𝐶.𝐾 ∗ 𝜛1

(20)

𝐸TRC .𝐾 = 𝐼𝐶.𝐾 ∗ 𝜛2

(21)
𝐸TRC
)
𝐼𝐶

𝐶EC .𝐾 − 𝐶EC .𝐽
𝐶EC .𝐽

(22)

(24)

≤ 0.05, 1.05, 0.95)
(25)

where 𝐸QC expresses the carbon emissions initial quota; 𝐸TRC
expresses the carbon emission trading limit; 𝐶EC expresses
the carbon emission trading cost in power industry; 𝑂EC
expresses the difference between the carbon emission actual
value and the carbon emission target value in power industry.
IF THEN ELSE (a, b, c) is the conditional function of
system dynamics, a expresses condition, b expresses variable
value when the condition is satisfied, and c expresses variable
value when the condition is not satisfied. Tape (24) shows
that when the transaction variable cost ratio is not greater
than 5%, carbon emissions in power industry will increase,
setting coefficient as 1.05; if the ratio is greater than 1%,
carbon emission in power industry will decrease, setting
coefficient as 0.95. This is because when the change of carbon
emission trading cost is very small, the power industry will
not consider the carbon trading cost; when the change ratio
is greater than 5%, the power industry will consider reducing
carbon trading cost, thus reducing carbon emissions and
thermal power generation.
2.2.4. Carbon Emission Intensity Control Module. The system
dynamic model of carbon emissions intensity module was
shown at the center part in Figure 2, which mainly studies the
fact that carbon emissions affect carbon emission intensity
and, in turn, affect power demand growth rate. Carbon
emission intensity desired value represents expected intensity
through comparing the difference between actual value and
desired value to analyze the change of power demand growth
rate; the formula is as follows:
𝑒𝐶.𝐾 =

where 𝑂𝐼𝐶 expresses the carbon emission target value; 𝜛1
expresses the carbon emissions initial quota weighted coefficient; 𝜛2 expresses the carbon emissions trading limit
weighted coefficient; 𝜛3 expresses the carbon emissions
trading price weighted coefficient; 𝜎1 , 𝜎2 , 𝜎3 express corrected
parameter of three weighted coefficients.
One thing to note is that these weighting coefficients
refer in particular to the distributable initial quota of power
industry, tradable credits of power industry, and trading price
of power industry.

𝐸𝑃𝐶.𝐾 = 𝐼𝐶.𝐾 ∗ 𝜛3 ∗ (1 + 𝜗 ∗

(23)

𝜌𝐸𝐶 .𝐾 = 𝐸𝐶.𝐾 − 𝑂EC .𝐾,

𝐼𝐶.𝐾 = INTEG (Δ𝐼𝐶.𝐾, 𝐼𝐶, 𝐽) ,

𝜛1 .𝐾 =

𝐶EC .𝐾 = (𝐸𝐶.𝐾 − 𝐸QC .𝐾) ∗ 𝐸𝑃𝐶.𝐾

𝜉=

𝐼𝐶.𝐾
∗ 100%
GDP.𝐾
𝑒𝐶.𝐾 − 𝑂𝑒𝑐 .𝐾
𝑂𝑒𝑐 .𝐾

(26)

𝛽.𝐾 = 𝛽.𝐽 ∗ IF THEN ELSE (𝜉 ≤ 0, 1, 0.95) ,
where 𝑒𝐶 expresses carbon emission intensity; 𝜉 expresses the
deviation rate between the carbon emission intensity actual
value and the carbon emission intensity desired value; 𝑂𝑒𝑐
expresses the carbon emission intensity desired value.
Here, changes of power consumption growth rate are
revised on the basis of power consumption growth rate
calculated by per capita GDP, GDP growth rate, and power
demand elasticity. When the difference between carbon
emission intensity actual value and the desired value is less
than zero, power consumption growth rate stays the same; if
the difference is greater than zero, a weight, which is 0.95, is
added to the power consumption growth rate.
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Table 1: Some indicators statistics from the 2003 to 2011.
Years

Electricity
consumption growth
(%)

GDP per capita (ten
thousand
yuan/people)

GDP growth rate
(%)

Electricity demand
elasticity

2003
2004
2005
2006
2007
2008
2009
2010
2011

15.30
15.46
13.90
14.16
14.42
5.49
6.44
14.77
11.97

1.04
1.23
1.40
1.64
2.02
2.38
2.55
2.98
3.50

10.00
10.10
11.30
12.70
14.20
9.60
9.20
10.40
9.30

1.56
1.52
1.19
1.15
1.01
0.58
0.78
1.27
1.30

The results show that there are significant and stable positive correlations among GDP per capita, GDP growth rate, and electricity demand elasticity.

3. Results and Discussion
3.1. Parameters Setting. The data of the China economy and
the power industry in 2010 are taken as a benchmark in
the model; the model researched effects of carbon emission
reduction in electric power industry and key influencing
factors in the systems from 2015 to 2050. Among them,
the growth rate forecast of electricity consumption primary
considered GDP per capita, GDP growth rate, and electricity
demand elasticity of the three factors. Table 1 showed the
domestic GDP growth, GDP per capita, electricity demand
elasticity, and electricity consumption growth in China from
2003 to 2011. On the basis of data and prediction model, in the
future, Chinese power consumption growth can be expressed
as
𝑌 = −12.005 + 0.228𝑋1 + 1.101𝑋2 + 10.528𝑋3 ,

(27)

where 𝑋1 expresses GDP per capita, 𝑋2 expresses GDP
growth rate, 𝑋3 expresses electricity demand elasticity, and
𝑌 expresses electricity consumption growth.
For the control measures of carbon market can be
effectively fed back to the electricity market, this model considers the deviation between the actual carbon emission and
the target value and develops some weighting coefficients,
including power industry carbon emissions initial quota
weighted coefficient, trade quota weighted coefficient, and
carbon trading price weighted coefficient. By adjusting the
weighting coefficient, the model adjusts the carbon emission
target and then controls the power industry carbon emissions
[26, 27].
(1) Initial Quotas Weighting Factor of Power Industry Carbon
Emissions. Firstly, in the case without considering other factors, initial quotas weighting factor of power industry carbon
emissions is formulated in accordance with the grandfather
model, which is
𝜛1 =

𝐸𝐶
× 100%.
𝐼𝐶

(28)

Then, the model takes into account the goal of reducing
carbon emissions to formulate a carbon emissions target;

combined with the actual carbon emissions to compare, the
power industry carbon emissions quotas initial weighting
coefficient is adjusted based on the deviation rate, detailed as
follows:
𝜛1 =

𝐸𝐶
× 𝜌𝐸𝐶 × 100%.
𝐼𝐶

(29)

(2) Power Industry Carbon Emissions Trading Credits Weighting Factor. Firstly, in the case without considering other
factors, initial quotas weighting factor of power industry carbon emissions is allocated in accordance with the following
formula:
𝜛2 =

𝐸𝐶
× 100% × 1.1.
𝐼𝐶

(30)

Then, the model takes into account the goal of reducing
carbon emissions to formulate a carbon emissions target;
combined with the actual carbon emissions to compare, the
power industry carbon emissions trading credits weighting
factor is adjusted based on the deviation rate, detailed as
follows:
𝜛2 =

𝐸𝐶
× 𝜌𝐸𝐶 × 100% × 1.1.
𝐼𝐶

(31)

(3) Power Industry Carbon Emissions Trading Price Weighting
Coefficients. In order to establish an effective carbon market
feedback mechanism, this model takes into account the unit
power generation cost of thermal power in formulating the
power sector carbon emission trading price weighted coefficient and sets a ratio of 10%, which can control the proportion
of thermal power generation through the feedback of carbon
emission trading price.
𝜛3 = 𝜁 × 10%,

(32)

where 𝜁 represents generation cost of thermal power.
Then, the model takes into account the goal of reducing
carbon emissions to develop a carbon emissions target;
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Table 2: Multiple scenarios parameter design.

BASE
CASE 1
CASE 2
CASE 3
CASE 4
CASE 5
CASE 6
CASE 7
CASE 8
CASE 9
CASE 10
CASE 11
CASE 12

The impact factor of the power
structure

Carbon intensity target factor

Impact factor of technological advances

1
0.9
0.8
0.7
0.6
1
1
1
1
1
1
1
1

1
1
1
1
1
0.9
0.8
0.7
0.6
1
1
1
1

1
1
1
1
1
1
1
1
1
0.9
0.8
0.7
0.6

combined with the actual carbon emissions to compare,
power industry carbon emissions trading price weighting
coefficient is adjusted based on the deviation rate, detailed as
follows:
𝜛3 = 𝜁 × 10% × 𝜌𝐸𝑝 .

(33)

(4) Multiple Scenarios Parameter Design. In order to analyze
the impact of the key carbon emission reduction factors on
the carbon emission reduction effect, which contains impact
factor of power generation structure, carbon emission intensity target value, and technological progress, the model sets
different parameter values to explore the system operating
conditions in different scenarios (Table 2).
Among them, the impact factors of the power structure
adjust the whole system by affecting thermal power generation ratio; then carbon emissions and carbon intensity are
changed; the impact factors of carbon intensity target adjust
the whole system by affecting carbon emission target; then
carbon emissions of power industry were affected; impact
factors of technical progress adjust the whole system by
reducing coal consumption rate and other parameters; then
carbon emissions of power industry were affected.
3.2. Baseline Conditions. Based on the simulation system
constructed in this paper, parameters under the basic situation and data in 2010 are input; the operating system obtains
relevant factors as shown in Table 3 (ten thousand tons/one
hundred million yuan was abbreviated as T/O).
Figure 3 shows the trend situation of thermal power
plants electricity generated proportion over the years; it can
be seen from the figure that, in the constraints of feedback
mechanisms, the proportion of thermal power plants is
declining,, but the rate of decline slowed; it is explained that
the proportion of thermal power plants reached a stable value;
feedback system regional balance shows that feedback mechanism played a role that reduces the proportion of thermal

power generation effect. Figure 4 shows the carbon intensity
trends over the years; the carbon intensity target value is set
to help reduce carbon emissions intensity; it can be seen from
Figure 4 that the intensity of carbon emission shows a trend
of first increasing and then decreasing; it is explained that the
construction feedback mechanism has a period of instability;
after a feedback mechanism enters into the stable phase, the
carbon emission intensity is declining; it is suggested that
control action of feedback mechanism to carbon emissions
has hysteresis quality.
Figure 5 shows the trend of electricity consumption
growth over the years; the growth of power consumption
also shows a trend of first increasing and then decreasing.
The growth stage is due to the rapid growth of GDP, which
leads to the rapid growth of electricity consumption demand.
However, due to the suppression of the growth of electricity
consumption by the carbon emission intensity in the feedback mechanism, this results in decreasing part of the growth
rate of power consumption. Figure 6 shows the trend of
power industry carbon emissions over the years; even under
constraints of feedback mechanisms, carbon emissions from
the power industry are still growing year after year, which
is related to the growth in demand for electricity consumption.
Figure 7 shows the trend of proportion of the power
industry carbon emissions over the years; the proportion of
carbon emissions from the power industry experienced a
trend that first increased and then decreased; the proportion
of thermal power feedback mechanism leads to slowdown
of coal consumption growth; the growth rate of coal consumption is constant in other industries, so proportion of the
power industry carbon emissions is declining. However, due
to the cleanliness of electric power, the role of electric energy
replacement appears gradually, leading to a decrease of coal
consumption in other industries. As a result, the proportion
of carbon emissions in the power industry has been increasing.

The proportion of
thermal power
generation (1)
0.800
0.710
0.680
0.661
0.648
0.637
0.628
0.621
0.614

(1) refers to the unit of each parameter.

2010
2015
2020
2025
2030
2035
2040
2045
2050

Year
3.1983
3.4633
3.3796
3.1620
2.9223
2.7073
2.5312
2.3943
2.2912

Carbon emissions
intensity (T/O)

Electricity
consumption growth
(1)
0.0687
0.0717
0.0717
0.0705
0.0688
0.0672
0.0659
0.0649
0.0643

The proportion of the
power industry
carbon emission (1)
0.4677
0.2912
0.2550
0.2533
0.2671
0.2905
0.3211
0.3579
0.3999

Power industry
carbon emissions (ten
thousand tons)
224029
279351
378294
518953
712318
974315
1326818
1800051
2436133

Table 3: Some parameters operating results under basic scenario.
Deviation rate and the
target of carbon
emission intensity (1)
0.3153
0.3821
0.3816
0.3548
0.3190
0.2834
0.2533
0.2315
0.2187

0.0043
0.0080
0.0112
0.0149
0.0200
0.0275
0.0389
0.0562
0.0828

Cost ratio of carbon
trading (1)

Mathematical Problems in Engineering
7

8

Mathematical Problems in Engineering
.9

.825

.75

1
1
1

.675

1

1

1 1

1

1

1

1 1

1

1

1

.6
2010 2014 2018 2022 2026 2030 2034 2038 2042 2046 2050
Time (year)
The proportion of thermal power generation: BASE

1

Figure 3: The trend of thermal power plants electricity generated proportion under the baseline scenario.
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Figure 4: The trend of carbon intensity under the baseline scenario.
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Figure 5: The trend of electricity consumption growth rate under the baseline scenario.

3.3. Key Elements Analysis. In order to study the key elements
of carbon emission reduction in power industry, this paper
performs sensitivity analysis on impact factors-generation
structure, carbon intension, and technological progress and
gets relevant conclusions according to the analysis results.
3.3.1. Generation Structure. According to the parameters
in Table 3, different generation structure impact factors

and operation systems were set for five scenarios, BASE,
CASE 1, CASE 2, CASE 3, and CASE 4; relevant results were
shown as attached list. Figure 8 shows the trend of ratio
of thermal power generation under different parameters.
With the adjustment of power generation structure, especially
the feedback control of thermal power, the ratio shows a
downward trend. In 2050, the ratio is 0.466 in CASE 4,
which decreases by 24% compared with 0.614 in the baseline

Mathematical Problems in Engineering

9
3M
1

Million tons

2.25M
1
1

1.5M
1
1

750,000
1

1

1

1 1

1

1

1

1

0
2010 2014 2018 2022 2026 2030 2034 2038 2042 2046 2050
Time (year)
1

Carbon emissions in power industry: BASE

Figure 6: The trend of power industry carbon emissions under the baseline scenario.
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Figure 7: The trend of proportion of power industry carbon
emissions under the baseline scenario.

scenario. The control effect on thermal power is obvious,
and the growth trend of carbon emission in thermal power
generation is effectively suppressed.
Figure 9 shows the trend of power consumption growth
under different parameter settings. With the adjustment
of power generation structure, the change in electricity
consumption growth is small, which was 6.38% under CASE
4, compared with 6.43% in the baseline scenario. This shows
that the influence of power generation impact factor on it can
be neglected.
Figure 10 shows the trend of carbon emissions in power
industry under different parameter settings; Figure 11 shows
the trend of carbon emission ratio in power industry; combined with attached list 3 and attached list 4, it can be seen that
the adjustment of generation structure has some influence
on carbon emissions and emission ratio. In 2050, carbon
emission is 18.16448 billion tons under CASE 4, reduces 25%,
and is lower than the baseline scenario, 24.36133 billion tons.
In 2050, the emission ratio reduces 16.8%. That shows that
adjusting generation structure can reduce carbon emissions,
and the effect is obvious.
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Figure 8: The trend of carbon emission intensity under different
scenarios.
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Figure 9: The trend of electricity consumption growth rate under
different scenarios (1). The result is under generation structure.
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Figure 10: The trend of carbon emissions in power industry under
different scenarios (1). The result is under generation structure.
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Figure 12: The trend of carbon emissions in power industry under
different scenarios (2). The result is under carbon intension.
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Figure 11: The trend of proportion of carbon emissions in power
industry (1). The result is under generation structure.

Figure 13: The trend of proportion of carbon emissions in power
industry under different scenarios (2). The result is under carbon
intension.

3.3.2. Carbon Intension. According to the parameters in
Table 3, different carbon intension impact factors and operation systems were set for five scenarios, BASE, CASE 5,
CASE 6, CASE 7, and CASE 8; relevant results were shown
as attached list. Figure 12 shows the trend of carbon emissions
in power industry under different scenarios; combined with
attached list 5, it can be seen that carbon emissions in power
industry under CASE 8 in 2050 increase 60% compared
with baseline scenario. This shows that adjusting carbon
intension cannot reduce carbon emission and increases it
instead, which is due to the fact that the reduction of carbon
intension desired value results in the increase of deviation
ratio and thus influences power consumption growth and

power demand growth and leads to the increase of carbon
emissions. Figure 13 shows the trend of carbon emission ratio
in power industry under different scenarios; the ratio under
CASE 8 is obviously higher than baseline scenario, the same
reason as carbon emission.
Figure 14 shows the trend of carbon intension under
different parameter settings; combined with attached list 7, it
can be seen that the adjustment of carbon intension impact
factor has little influence on carbon intension. Figure 15
shows the trend of electricity consumption growth in different scenarios, which is 7.9% in CASE 8 in 2050 and decreases
by 23% compared with 6.4% in the baseline scenario. This
shows that adjusting carbon intension impact factor will
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Figure 14: The trend of carbon emission intensity under different
scenarios (1). The result is under carbon intension.
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Figure 16: The trend of carbon emissions in power industry under
different scenarios (3). The result is under technological progress.
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Figure 15: The trend of electricity consumption growth rate under
different scenarios (2). The result is under carbon intension.

increase power demand and power consumption growth and
thus increase carbon emissions.
3.3.3. Technological Progress. According to the parameters in
Table 3, different technological progress impact factors and
operation systems were set for five scenarios, BASE, CASE 9,
CASE 10, CASE 11, and CASE 12; relevant results were shown
as attached list. It should be noted that the starting point
of technological progress is in 2025. Figure 16 shows the
trend of carbon emissions in power industry under different
scenarios; it can be seen that technological progress reduces
carbon emissions in power industry through affecting coal
consumption rate and so forth. Carbon emission under CASE
12 in 2050 reduces by 41% compared with baseline scenario;
the effect is obvious. Figure 17 shows the trend of carbon
emission ratio in power industry under different scenarios;
combined with attached list 10, it can be seen that the effect
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Proportion of carbon
emissions in the power
industry: BASE

Figure 17: The trend of proportion of carbon emissions in power
industry under different scenarios (2). The result is under technological progress.

of reducing carbon emission ratio by technological progress
is obvious, declining by up to 30%.
Figure 18 shows the trend of carbon intension under
different parameter settings; combined with attached list
11, it can be seen that the adjustment of technological
progress impact factor has a common influence on carbon
intension; the decrease is 2%. Figure 19 shows the trend
of power consumption growth under different parameter
settings; combined with attached list 12, it can be seen that
the adjustment of technological progress impact factor also
has a common influence on power consumption growth; the
range is less than 1%. Therefore, under the situation that
technological progress impact factor does not affect power
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Figure 19: The trend of electricity consumption growth rate under
different scenarios (3). The result is under technological progress.

consumption growth, it can effectively inhibit the growth of
the carbon emissions in power industry.
3.4. Sensitivity Analysis. Through the sensitivity analysis for
the key factors of carbon emission reduction in power
industry, the carbon emission reduction effect of adjusting
technological progress is the most obvious, the adjustment of
generation structure takes second place, and the adjustment
of carbon intension is the worst, which may even increase
carbon emissions. The emission reduction effect of three key
factors was shown in Figure 20. It can be seen from the figure
that, among them, the effect of technological progress is the
best (can be up to 60%); the effect of generation structure is
second (can be up to 32%); the effect of carbon intension is
the worst (can increase carbon emission up to 41%).
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Figure 20: The trend of emission reduction factor sensitivity results.

4. Conclusions and Suggestions
Through building carbon reduction potential analysis model
in power industry, this paper discusses the effectiveness of
the carbon market feedback mechanism on power market,
conducts the sensitivity analysis for the key factors of carbon
emission reduction, and draws the following conclusions.
(1) Through running the system under the baseline
scenario, the results show that the feedback mechanism
constructed in this paper plays a certain role in suppressing
the increase of carbon emissions in power industry, and it can
be seen that there is a lag in the carbon emission feedback
mechanism; from the long-term carbon emission situation,
the carbon emission reduction effect in power industry is
obvious.
(2) Through the sensitivity analysis of the generation
structure factor, the results show that, on the basis of the
carbon emission reduction feedback mechanism constructed
in this paper, the adjustment of generation structure can play
a better role in reducing carbon emissions, and in the best
case it can reduce 32% of carbon emissions in power industry.
(3) Through the sensitivity analysis of the carbon emission intensity factor, the results show that, on the basis of the
carbon emission reduction feedback mechanism constructed
in this paper, the reduction of the carbon emission intensity
cannot play a role in reducing carbon emissions; on the
contrary, due to the increase of electricity consumption
growth rate, it will lead to the increase of carbon emissions.
(4) Through the sensitivity analysis of technological
progress factor, the results show that, on the basis of the
carbon emission reduction feedback mechanism constructed
in this paper, the improvement of technological progress level
can largely realize the carbon emission reduction goal, and in
the best case it can reduce 60% of carbon emissions in power
industry.

Nomenclature
Symbols
𝑇:
𝜉:
𝛼:
𝛽:

Total value
Birth or death rate
GDP growth rate
Electricity consumption growth rate
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𝜒:
𝜀:
𝐶:
𝜙:
𝛿:
𝜂:
𝜅:
𝜛:
𝑒:
𝑜:
𝜌:
𝛾:
𝐸:
𝜇:
𝐼:
𝑂:

Power demand elasticity coefficient
Error coefficient of fitting function
Consumption
Proportion of thermal power
The proportion of each energy
Power generation structure impact factors
Proportion parameters of each energy
Weighted coefficient
Emission intensity
The desired value of thermal power generation proportion
The difference between actual carbon emission and desired value
Delay coefficient
Carbon emissions in power industry
Carbon emissions coefficient
Total carbon emissions
Target value.

Acronyms
.𝐾:
.𝐽:
𝐷:
Δ:
DELAY1:
INTEG:

𝐾 time node
𝐽 time node
Time period from 𝐽 to 𝐾
The amount of change
Delay function
Integral function.
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