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a b s t r a c t

After a three-year low valley caused by Fukushima nuclear accident, China finally restarted the approval
of new coastal nuclear projects followed by the gradually matured new generation nuclear reactor
technology and increasingly more supporting policies. Under this major shift of policy environment,
China's nuclear power development would certainly stride on a new stage. This paper simulated the
growth rate, development scale and evolvement path of China's nuclear power by establishing system
dynamics models in the new-round construction. Under the background of changing nuclear power
policy, this paper is helpful to master the dynamic development pattern of China's nuclear power system.
These dynamic analyses also have reference meaning to the prediction of nuclear installed-capacity,
nuclear generation, uranium import and other relevant factors. Further, the simulation results of this
paper provide the Chinese government with suggestions of planning China's nuclear push, and deciding
the strategy of uranium supply in order to secure the safe and steady nuclear power supply.
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1. Introduction

After the Fukushima nuclear accident, people began to worry
about the nuclear security and environmental issues. Although the
),
nuclear power technology is advanced enough to ensure nuclear
safety to a certain extent, China still had announced to suspend
the approval of new nuclear plants since 2011 [1]. Under the
pressure of rapid air-pollution growth and coal-dominated energy
structure, after experiencing over 3 years cessation, China's
nuclear power would begin its rapid development followed by the
gradually matured new generation nuclear reactor technology and
the increasing need of non-fossil energy. In December 2014, China
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officially restarted the approval of new coastal nuclear power
projects. This shift indicated that nuclear will act as a more and
more important source of electric power in China [2].

As one of the world's largest energy consumers, China has
focused quite much attention on the development of non-fossil
energy [3]. In 2009, the Chinese government declared that the
proportion of non-fossil energy in primary energy consumption
should increase to 15% by 2020, and 20% by 2030. However, energy
such as hydropower, solar energy and wind power still have
developmental limitations or setbacks associated with cost and
techniques in China. Therefore, considering the remarkable eco-
nomic advantages compared to other clean energy resources, the
Chinese government has given the nuclear power the top priority
for development [4]. According to the data published by World
Nuclear Association, there are 22 nuclear power units
(19,095 MWe) currently in operation, and 26 units (28,528 MWe)
under construction in China (December 2014). For the huge
combined capacity of under construction, China is one of the
countries with biggest potential in developing nuclear power [5].
But China's installed capacity ranks after tenth worldwide, which
is far from the position of being the second biggest electric power
country.

In order to speed up the development of nuclear power
industry, Chinese government has launched many incentive poli-
cies and increased the target of installed nuclear power capacity
several times. In China, the first policy mentioning nuclear power
development is The Medium- and Long-term Nuclear Power Devel-
opment Plan (2005–2020) approved by the China's State Council in
October 2007. This development plan noted that nuclear power
essentially does not produce gaseous pollutants, unlike thermal
power. This plan also pointed out that China's operational nuclear
installed capacity should reach 40,000 MWe by 2020, with
18,000 MWe under construction.

After noticing that developing nuclear energy is a feasible way
for coordinating economy, energy and environment, China's
National Energy Bureau raised the nuclear power development
plan in November 2008. In order to promote the proportion of
nuclear power to be above 5%, the installed capacity would be
raised to above 70,000 MWe by 2020, with 30,000 MWe under
construction [6].

Just after the Fukushima accident, Chinese government made a
cessation of nuclear plant construction immediately and declared
the suspended approval of new nuclear projects. This pause of new
plant approvals leaded to the target adjustment of China's nuclear
power development. The State Council cut the installed capacity to
60,000 MWe by 2020, and the capacity being under construction
should reach 30,000 MWe. Moreover, the National nuclear power
policy was moved from ‘positive development’ to ‘steady devel-
opment with safety’.

In October 2012, the Chinese government has restarted a new-
round nuclear power construction quickly after the Fukushima
accident, but the approval of new projects is still suspended. The
Medium- and Long-term Development Plan for Nuclear Power (2011–
2020) issued by China's State Council announced that from 2011 to
2015, no nuclear power projects can be launched in inland pro-
vinces, and only the projects which have passed the adequate
safety and environmental reviews can be constructed in coastal
regions [7]. In the same month, China's State Council introduced a
white paper on Energy Policy (2012). According to this white paper,
more efforts will be put into the technological innovations of
nuclear power, the application of advanced technology and the
improvement of equipment level. The target of nuclear installed
capacity was adjusted to 40,000 MWe by 2015.

With the increase of nuclear security technologies and the
pressure of air-pollution mitigation, the Chinese government
restarted the approval of new nuclear power projects three years
after Fukushima accident. In November 2014, the National Devel-
opment and Reform Commission officially declared to the State
Council about the start of new nuclear projects approval. The
reported nuclear units all belong to new coastal projects. In the
same month, the State Council published the Energy Development
Strategy Action Plan (2014–2020) adjusting the target of nuclear
installed capacity to 58,000 MWe nuclear in 2020, with
30,000 MWe more under construction.

Due to the fast developed nuclear technologies, China's nuclear
power will enjoy a rapid development in 2015 just after a three-
year suspended approval of new plants. China's segment-leading
nuclear technologies make nuclear wholesale price to grid to be
less than thermal power plants with flue-gas desulfurization.
China's nuclear installed capacity will get a significant boost from
the 800-billion (CNY) investment of National Nuclear Corporation
into new projects. After the restart of nuclear construction, China
will probably set nuclear power as the foundation of power gen-
eration system result from its cost advantage and increasingly
mature technologies [8]. Therefore, it is significant in analyzing
and predicting the development path of China's nuclear power
after the restart of new nuclear approval and construction.

This paper investigates the development route of nuclear
power after the new-round nuclear construction, which helps
explore the inherent relationship between policy support and
nuclear power development. Taking China as a case, a system
dynamics model was developed based on Vensim software, which
offered a realistic platform for predicting the trends of China's
nuclear power and power structure from 2012 to 2032. The
simulation results measured the impact of the restart of new
nuclear plants on nuclear power development and uranium
resource utilization. Further this paper has reference meaning for
the development of nuclear power and the import of uranium
resources.
2. Literature review

2.1. Nuclear power development

China is the world's biggest energy consumer. The high levels of
energy consumption have resulted in high PM10 emissions. Facing
the increasing pressure of improving air-quality and meeting the
rising electricity demand, the Chinese government has already set
nuclear as a promising alternative energy.

Scholars have come to realize that politics will decide what
direction and at what speed the country's nuclear energy devel-
opment will take, how it should be done and who should lead the
change [9]. In the past China's electricity development policies
have led power industry to excessive investment in thermal power
installed capacity and low operational efficiency [10,11]. Missing
the first round of development, China began its nuclear energy
industry only in the 1980s [12,13]. Along with the growth of
energy conservation and emissions reduction awareness, the state
council of China has promulgated many policies to guide the
structure transformation of coal-fired power into new and efficient
power such as nuclear power [14]. Generally speaking, China's
nuclear power development has a promising future [15]. But on
the other hand China's nuclear power development is still limited
by nuclear technology diversity, shortage of uranium resources,
and weak market competitiveness in the short term [16]. In order
to promote nuclear development, some scholars have made sug-
gestions that China should focus on enhancing domestic nuclear
technology development and market competitiveness, accelerat-
ing the process of cleanly developing nuclear technology, and
developing more efficient nuclear fuel cycle [17,18]. After the
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Fukushima nuclear accident, a number of scholars shifted their
focus to the safe development and public acceptance [19–21].

Researches mentioned above mostly concentrate on the status
of China's nuclear energy development using qualitative methods
such as policy analysis, data charts and comparative analysis. So
there is lack of studies on evaluating the development tendency of
nuclear power quantitatively.

2.2. System dynamics (SD) method

Some scholars have used Long-range Energy Alternatives
Planning (LEAP) model to investigate the development of elec-
tricity and energy sector under the influence of policies [22]. But
the dynamic behavior of nuclear power system and the compli-
cated feedback of uranium recourse are not taken into account in
previous studies. In order to investigate the fundamental and
dynamic process of nuclear power development driven by the
restart of new nuclear approval, we should apply some descriptive
and effective methodologies to simulate the transformation pro-
cess. The development of nuclear power is a complex dynamic
evolution process, which concerns many fields, so it has obvious
nonlinear characteristics. The system dynamics (SD) method not
only models the market's real behavior but also properly explains
the relationship between main variables of the system [23]. Con-
sidering its advantages of integrity and dynamics, we set up a
complete SD model by analyzing the factors of national economy,
power generation, and uranium resource supply with stimulation
of a new-round nuclear power construction to seek the develop-
ment path of nuclear power industry.

The SD approach has been considered in the sustainable
management of power systems, while it has not been addressed in
the development prediction of nuclear power under China's latest
energy development strategies. Scholars use SD methodology to
simulate the process of energy efficiency improvement [23–26]
and the behavior of the clean energy sectors [27,28]. SD models
are also widely built to explore the effects of energy consumption
and emission reduction policies [29–34].

With the changing nuclear developing goal, the construction
and development path of China's nuclear power will receive tre-
mendous influences. Under the new-round project approval, the
former SD models are not suitable to predict China's current
nuclear development. This paper investigates the development
route of nuclear power after the new-round nuclear construction,
which helps simulate the developing trends and explore the
inherent relationship between policy support and nuclear power
development.
3. Methodology

3.1. Model structure analysis

SD is a systems modeling and dynamic simulation methodol-
ogy for analysis of dynamic complexity in socio-economic and bio-
physical systems [22]. Based on the principle of system thinking
and feedback control theory, SD helps in understanding the time-
varying behavior of complex systems [35]. Although other types of
dynamic, quantitative modeling can predict the developing trends,
SD model with the advantage of solving dynamic problems is the
only method which can better simulate the process of nuclear
power development. So this paper established a SD model to
simulate the development of nuclear power system. The restart of
new nuclear approval will influence the nuclear power system
from six respects:

) Restart the approval of new coastal nuclear projects;
) Change the installed capacity goal again;
) Accelerate nuclear development while preserving security;
) Stimulate the new-round investment of nuclear power;
) Absorb private capital into nuclear projects;
) Start approvals for inland nuclear plants at the beginning of
13th Five-Year-Plan period (2016–2020).

As the first step of model structure analysis, the hypothesis of
this SD model is represented by a major feedback loop, as shown
in Fig. 1, which contains the principal blocks involved in. Blocks of
‘Nuclear power generation’, ‘Nuclear installed capacity’, ‘Uranium
demand’, ‘Gap between uranium production and demand’, ‘Ura-
nium import’, ‘Uranium reserves’ and ‘Uranium production’ are all
depend on the its advanced block. The major feedback loop is
completed by uranium resource limitation on ‘Nuclear power
generation’ block produced by uranium import dependence. And
on this base we built following analysis modules by integrating
and expanding the hypothesis model.



Table 1
Description of key and external variables.

Variable Unit Initial value Data source

GDP 108 Yuan 519,470 China Statistical Yearbook (2012)
Wind power generation 108 kW h 1164 Survey data of China Electricity Council
PV power generation 108 kW h 45 Survey data of China Electricity Council
Hydropower generation 108 kW h 8641 Survey data of China Electricity Council
Energy consumption 104 t 262,717 China Statistical Yearbook (2012)
Proportion of coal consumption in total energy consumption – 0.668 China Statistical Yearbook (2012)
Coal consumption rate of power supply g/kW h 321 China Statistical Yearbook (2012)
Coal consumption proportion of power industry – 0.57 China Statistical Yearbook (2012)
Proportion of primary industry output – 0.05 China Statistical Yearbook (2012)
Primary industrial electricity consumption intensity kW h/Yuan 0.02 China Statistical Yearbook (2012)
Proportion of second industry output – 0.5 China Statistical Yearbook (2012)
Second industrial electricity consumption intensity kW h/Yuan 0.15 China Statistical Yearbook (2012)
Proportion of third industry output – 0.45 China Statistical Yearbook (2012)
Third industrial electricity consumption intensity kW h/Yuan 0.02 China Statistical Yearbook (2012)
Population increasing rate – 0.005 China Statistical Yearbook (2012)
Population 108 13.5 China Statistical Yearbook (2012)
Per capita residential electricity consumption kW h/person 443.83 survey data of China Electricity Council
Nuclear benchmark price Yuan/kW h [1] Survey data of China Electricity Council
Construction cost of nuclear plants per capacity Yuan/W 8.4965 Information-library of World Nuclear Association
Nuclear installed capacity MW 12,570 Information-library of World Nuclear Association
Nuclear installed capacity target MW [2] Action Plan for Energy Development
Conversion coefficient of uranium demand kg/W [3] Information-library of World Nuclear Association
Uranium reserves t 4273 Survey data of IAEA
Uranium production t 1450 Survey data of IAEA
Changing rate of uranium recoverable resources – [4] Information-library of World Nuclear Association
Uranium recoverable resources t 199,100 Information-library of World Nuclear Association

[1] Initial value of nuclear benchmark price: ((2012, 0.45), (2013–2022, 0.42), (2023–2032, 0.39)).
[2] Initial value of nuclear installed capacity target: assumed to increase constantly based on target nodes set by Action Plan for Energy Development, ((2012, 12,570), (2013,
21,690), (2014, 30,810), (2015, 40,000), (2016, 43,600), (2017, 47,200), (2018, 50,800), (2019, 54,400), (2020, 58,000), (2021, 61,600), (2022, 65,200)).
[3] Initial value of conversion coefficient of uranium demand: ((2012–2020, 180), (2021–2032, 160)).
[4] Initial value of changing rate of uranium recoverable resources: ((2012, 0.03), (2013–2020, 0.04), (2021–2032, 0.05)).
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(1) Electricity consumption module
It is general to divide the total electrical load into the primary
industrial electricity consumption, the second industrial
electricity consumption, the third industrial electricity con-
sumption and the residential electricity consumption. Indus-
trial electricity consumption can be predicted by the industrial
output value and the industrial electricity consumption
intensity. And residential electricity consumption can be pre-
dicted by population and per capita residential electricity
consumption.

(2) Nuclear power generation module
From the perspective of electricity supply–demand balance,
power generation can be predicted using electricity con-
sumption data. Total generation can be generally divided into
thermal power, hydropower, wind power, PV power and
nuclear power generation. Thermal power generation is esti-
mated from coal consumption rate of power supply and coal
consumption of power industry. Hydropower generation,
wind power generation and PV power generation can be
predicted from historical data directly. Nuclear power gen-
eration is determined by the difference between predictions of
electricity consumption and other power generation, and also
limited by uranium resource shortage.

(3) Nuclear installed capacity module
Generation revenue of nuclear power can be estimated from
power generation and nuclear benchmark price. Nuclear
power plant will set aside a proportion of revenue to afford
the investment of new capacity. After the new-round project
approval, nuclear power will be China's key support project.
The Energy Development Strategy Action Plan (2014–2020) has
set target for the installed-capacity of nuclear power. In turn,
the gap between capacity target and actual value will influ-
ence nuclear construction investment through policy adjust-
ment factor.
(4) Uranium resource module
Uranium demand is determined by nuclear installed-capacity
and conversion factor of nuclear demand. As an important
strategic source, uranium has great significance to guarantee
energy supply security. China built the strategic uranium
reserves system in 2007 to ensure actual uranium reserves
can meet the predicted value. And the uranium reserves gap
will stimulate uranium import by strengthening overseas
cooperation, and increase domestic uranium production by
emphasizing uranium mining. Thus, we assume that uranium
import is determined by the gap between uranium production
and demand and overseas cooperation strength. This paper
use uranium import dependence to weigh China's reliance on
uranium import and the independent development of nuclear
power. Further, uranium import dependence will have a
limitation on the nuclear generation at the same time.

3.2. Model design

When it is considered that the analysis of causal relationship is
finished, the result is a run model which is able to understand the
development of nuclear power in China under the new policy
environment. At this point, flow graph can be applied to simulate
the development tendency of China's nuclear power depending on
the simulated results. Firstly, we set the variables showing
cumulative results to state variables (shown in boxes), the vari-
ables showing changing rate of state variables to rate variables
(shown with double triangles), the rest relevant variables to aux-
iliary variables according to the characteristics of the factors. Rate
variable is the differential of constant variable and has no essential
difference with auxiliary variable. To reflect the current status of
variables and the input of complex circular interactions, we pro-
vided initial values of key and external variables in Table 1. Most of
the data used in this paper were collected from China Statistical
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Fig. 2. Flow graph of China's nuclear power development after the restart of new project approval.
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Yearbook, China Energy Statistical Yearbook, survey data of China
Electricity Council, information-library of World Nuclear Associa-
tion and survey data of International Atomic Energy Agency
(IAEA).

Flow graph is a good tool to model the cause and effect rela-
tions between various components of the SD model. A flow graph
of China's nuclear power development is established in this paper
using Vensim software, as shown in Fig. 2. The directions of arrows
indicate the influence interaction between those parameters. To
create a more straight forward representation of Fig. 2, key loops
and variables are shown in boldface.

There are more than 60 control equations in this flow chart
used to express the quantitative relationships between para-
meters. Due to the limited length of the article, only the functional
relationships with great significance and something unclear in the
flow chart are enumerated as follows.

investmentconstruction ¼ revenuenuclear
� investment_proportiondiscretionary � policy_f actor ð1Þ

capacity_increasenuclear ¼ investmentconstruction � 100= cos tconstruction ð2Þ

Investment of nuclear construction (investmentconstruction) is used
as a basic valuation model to measure installed capacity, which
depends on revenue of nuclear power industry (revenuenuclear), dis-
cretionary investment proportion (investment_proportiondiscretionary)
and influence coefficient of relevant policy (policy_f actor). Consider-
ing these factors, we can calculate the investment of nuclear con-
struction as (1). The policy factor is a piecewise function of the gap
between capacity target and actual value. The more the actual value
lag behind target, the higher the policy factor. Thus, we set its
expression in Vensim as ‘IF THEN ELSE (gap between capacity target
and actual value 420,000, 1.2, IF THEN ELSE (gap between capacity
target and actual value 410,000, 1.1, IF THEN ELSE (gap between
capacity target and actual value 40, 1, IF THEN ELSE (gap between
capacity target and actual value 4�20,000, 0.9, IF THEN ELSE (gap
between capacity target and actual value 4�40,000, 0.8, 0.7)))))’.
With this assumption, the increasing rate of nuclear installed capacity
(capacity_increasenuclear) is as in (2), where construction cost of
nuclear plants per capacity ( cos tconstruction) changes over time.

capacitynuclearðtÞ ¼ capacitynuclearðt�dtÞþðcapacity_increasenuclearÞdt
ð3Þ

demanduranium ¼ conversion_coef f icienturanium � DELAY1ðcapacitynuclear ;1Þ=1000
ð4Þ

Considering its characters, we employ an integral function to
describe and forecast the nuclear installed capacity. Nuclear
installed capacity at time t (capacitynuclearðtÞ) depends on the
capacity at time t�dt and the increasing rate of nuclear installed
capacity. Because of the interval between the finish of construction
and the beginning of operation, uranium demand (demanduranium)
is influenced by the first-delay of nuclear installed capacity with a
delay-period of one year and conversion coefficient as (4).

production_variationuranium ¼ productionuranium � production_increaseuranium

�ð1� productionuranium=recoverable_reservesuraniumÞ ð5Þ

importuranium ¼ gapdemand_production � cef f icientoverseas ¼ demanduranium
�

�productionuraniumÞ
�ð1þðreservespredicted�reservesactualÞ=1000Þ ð6Þ

reservesactualðtÞ ¼ reservesactualðt�dtÞþðimporturanium�gapdemand_productionÞdt
ð7Þ

Uranium production (productionuranium) is the integral of ura-
nium production variation (production_variationuranium). Uranium
production variation is a function of increasing rate of uranium
production (production_increaseuranium), uranium production and
uranium recoverable reserves (recoverable_reservesuranium). And
we assume that uranium import depends on the gap between
uranium demand and production and coefficient of overseas
cooperation strength (cef f icientoverseas), which is a liner function of
the gap between predicted uranium reserves and actual value as
(6). The gap between predicted uranium reserves and actual value
can also influence the increasing rate of uranium production by
emphasizing the intensity of domestic uranium mining. Different
from uranium recoverable resources, uranium reserves are
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strategic resources of uranium stored by government and enter-
prises, which can be readily used, in order to deal with short-term
uranium supply shocks. In turn uranium import decides the var-
iation of uranium reserves as (7). Uranium import dependence, the
percentage that uranium import contribute to whole uranium
demand, is used to reflect China's dependence on imported ura-
nium resource.

3.3. Model reality check

The validity of the model needs to be tested by model debug-
ging and verification when model design is finished. This paper
used reality check to justify the appropriateness of the proposed
model selecting historical data of four variables, which have
overall situation and representativeness, in 2012–2014. The
inspection results of reality check are shown in Table 2.

Reality check results indicate that the relative errors are all
controlled within �10% to 10%. Thus the simulated results of our
SD model are basically in line with the actual development
situation of China's nuclear power. Overall, our SD model, which
has good simulation ability, is an accurate reflection of nuclear
power's development tendency under China's ever-changing pol-
icy and economic environment. It can be used as the basis of
nuclear power developing scenario simulation and forecasting
in China.
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Fig. 3. Nuclear power generation (108 kW h) and proportion.
4. Results and discussion

First in this section, simulation is realized using Vensim soft-
ware by establishing a SD model of nuclear power development
after the restart of new nuclear approvals. Chinese government
restarted a new-round nuclear power construction in 2012, and
committed to peak carbon emission in 2030. Nuclear power is
extremely necessary for achieving China's carbon emission
reduction commitments. On the other hand, China makes the
national economic and social development plan every five years,
which can significantly change the development trend of nuclear
power. Thus, we set the length of time horizon as 20 years, and set
2032 as the end year in order to simulate nuclear development in
this typical period. Simulated results can help seek the applicable
development tendency of China's nuclear power. Later, the sensi-
tivity of key parameters is analyzed to know how they affect this
SD system.

4.1. Nuclear power generation

The nuclear power generation and its proportion are shown in
Fig. 3. Influenced by the restriction of nuclear security and new-
project approval, between 2012 and 2016 China's nuclear gen-
eration will remain stable and relatively low. In this stage, the
proportion of nuclear power generation accounts for less than 5%
of the entire national power. By contrast, this proportion for
developed countries, such as France, will be over 60% during the
same period. Simulated by the new-round nuclear construction
and the development of inland nuclear power, the growth of
Table 2
Model reality check.

Year GDP (108 Yuan) Total electricity generation (108 kW h)

True value Simulation Error (%) True value Simulation Error (%)

2012 519,470 493,902 �4.92 49,865 47,855 �4.03
2013 568,845 562,470 �1.12 53,720 48,406 �9.89
2014 636,463 640,557 0.64 54,638 51,860 �5.08
nuclear power generation will accelerate by 2016. By the end of
13th five-year, China's nuclear power generation will reach 682.98
billion kW h. The proportion of nuclear power generation will be
7.22% at that time. Starting from 2024, China's nuclear power will
enter into new rising period. From that time the growth rate of
nuclear power generation will continuously increase driven by
relatively less dependence on uranium import. But the proportion
of nuclear generation will maintain at about 10% with slight fluc-
tuations in this stage. Due to China's booming renewable energy
generation, this proportion will not be changed greatly in short
term unless there are further policy incentives.

It is worth noting that nuclear power generation alone with its
proportion seems to drop every other year. This is because that the
electricity consumption intensities of primary and second industry
are assumed to be ladder-shaped decreasing functions, but their
output values enjoy accelerating growth. Thus, their electricity
consumptions drop precipitously at jumping points, and total
electricity consumption fluctuates. Finally, linear interactions bring
these fluctuations to nuclear power generation, to revenue, to
construction investment, eventually to installed-capacity growth.

4.2. Nuclear installed capacity

Nuclear power revenue will keep its growth momentum during
the whole simulation, and reach its peak at 986.3 billion (CNY) at
2032. Nuclear power investment growth has dropped sharply in
2012 affected by the Fukushima accident. The restart of new
nuclear approval can stimulate a new-round of investment. We
can know from Fig. 4 that nuclear power revenue and construction
investment will both enjoy significant boosts during the 13th Five-
Year-Plan period. As private capital absorbed into nuclear projects,
the investment will remain at about 90 billion (CNY) during the
14th Five-Year-Plan period. After this round of nuclear-investment
boom, the investment will start to remain steady by 2025, at about
100 billion Yuan per year, because of the gradual progress toward
nuclear power's maturity.
Nuclear installed capacity (MWe) Uranium production (t)

True value Simulation Error (%) True value Simulation Error (%)

12,570 12,570 0.00 1450 1450 0.00
14,660 13,754 �6.18 1500 1519 1.27
19,880 17,956 �9.68 1500 1594 6.27
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Nuclear installed capacity is directly impacted by the invest-
ment. In 2012 China's nuclear installed capacity is only
12,570 MWe accounting for 1.09% of the total installed capacity. As
shown in Fig. 5, this capacity will experience accelerated growth
since 2014 because of the restart of new project approval. But by
2015, it can hardly met the target set by Action Plan for Energy
Development (50,000 MWe). In turn, the huge gap between capa-
city target and actual value will stimulate construction investment
though various adjustment policies. Under investment incentives,
the capacity will basically maintain an over 20% growth in 2015–
2018. By 2020, the capacity will reach 61,609.05 MWe, with an
annual increasing speed of 10.99%, which exceeds the installed-
capacity target set by the Energy Development Strategy Action Plan
(2014–2020) (58,000 MWe) for the first time. At that time nuclear
installed-capacity will account for 4.02% of China's total installed-
capacity. Since then, this exceedance will gradually expand. After
2023, the increasing rate of nuclear installed-capacity will remain
under 10%. By 2030, nuclear installed capacity will reach
132,379 MWe, and nuclear power will replace about 500 million
tons of coal and about 900 million tons of carbon dioxide. During
the simulation period, the capacity will reach its peak in 2032 at
147,757 MWe.

4.3. Uranium resource

As shown in Fig. 6, China's uranium production was 1450 μt in
2012. It will increase to 2375.24 μt by 2020, with an annual
increasing speed of 7.29%. Compared with mass demand and
amazing developing speed, China's uranium production is not
enough to satisfy the ever-increasing demand, accounting for less
than 10% of world total.

In 2012, the uranium demand is 3142.5 μt, the gap between
demand and production is 1692.5 μt, and uranium import
dependence is 47.77%. Fig. 6 indicates that even though China's
uranium production continues to increase, there will still be an
enlarging demand–production gap. By 2015, China's uranium
demand will be 4170.56 μt, demand–production gap will be
2464.25 μt, and import dependence will reach 60.49%. This
dependence is lower than earlier estimates of 65% made by WNA,
because nuclear installed-capacity fails to perform as expected.
With the significant boost of installed capacity, import depen-
dence will peak at 97.32% in 2019, uranium demand will reach
8692.40 μt, and the gap between production & demand will be
6488.14 μt. But China's gradually mature uranium reserves system
will stop this rapid growth of import dependence, and keep the
dependence remain at around 80% since 2021. The great poorness
of uranium-resource will seriously restrict China's nuclear power
development [6]. Under this severe situation, it is urgent for China
to quickly build an efficient uranium reserve system early to
ensure the safety of uranium and strengthen the cooperation with
resource-rich countries.

4.4. Sensitivity analysis

The present parameters setting of transfer functions have cer-
tain degrees of subjectivity, so it would be interesting to see the
variation ranges of the system's simulated results for different
settings of key parameters at this point. These variation ranges are
obtained by sensitivity analysis on the basis of existing SD model.
This paper analyzed the sensitivities of nuclear power generation,
nuclear installed capacity and uranium import in single-factor
changes of nuclear benchmark price (raised by 2%, 5% and 10%),
nuclear installed-capacity target (raised by 2%, 5% and 10%) and
coal consumption (reduced by 2%, 5% and 10%) respectively. The
results of sensitivity analysis are shown in Table 3.

The analysis results provide the Chinese government with
suggestions of planning China's nuclear push. We can tell from
Table 3 that: 1) Raising nuclear benchmark price will led to greater
dependence on uranium import while adding nuclear installed-
capacity before 2020, which will limit nuclear power generation.
After 2020 China's uranium reserve system will be relatively
mature to ensure harmonious development of nuclear installed-
capacity and generation. 2) Raising nuclear installed-capacity
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Table 3
The results of sensitivity analysis.

Parameter Nuclear benchmark price Nuclear installed-capacity target Coal consumption

2% 5% 10% 2% 5% 10% �2% �5% �10%

Nuclear power generation 2015 �0.51 �1.27 �2.52 �1.22 �1.22 �1.22 9.63 15.29 29.21
2020 �0.50 �1.20 �2.26 0.08 0.08 �7.26 2.96 8.11 29.90
2030 3.85 4.17 5.08 0.07 0.07 0.79 0.10 16.95 24.60

Nuclear installed capacity 2015 0.62 1.54 3.07 1.57 1.57 1.57 15.36 21.13 39.28
2020 0.85 2.11 4.15 0.25 0.25 3.83 4.30 12.63 21.79
2030 0.48 1.17 3.97 0.12 0.12 1.89 0.05 1.44 4.84

Uranium import dependence 2015 0.80 1.98 3.91 1.94 1.94 1.94 18.10 23.96 37.83
2020 0.19 0.45 0.86 �0.03 �0.03 2.98 1.10 2.28 0.30
2030 �1.99 �2.15 �2.63 �0.04 �0.04 �0.49 1.66 5.63 5.54
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target will face the similar problem as raising nuclear benchmark
price. But the former can speed up the forming of uranium reserve
system. So that nuclear generation growth will be restored earlier,
with a simultaneous growth in installed-capacity. 3) Reducing coal
consumption can significantly increase nuclear installed capacity
without decreasing generation. Thus, coal consumption control-
ling is an available mean to stimulate China's nuclear power
development. Unfortunately, coal consumption reduction seems to
be impossible in the short run, because of China's high reliance on
coal resource.
5. Conclusions

After the restart of new nuclear approval, China's nuclear
power would move out of a three-year low valley caused by
Fukushima nuclear accident. The simulation results of this paper
indicate that:

) By 2020 China's nuclear power generation will reach 682.98
billion kW h accounting for 7.22% of total power generation. But
due to China's booming renewable energy generation, this
proportion will not be changed greatly in short term unless
there are further policy incentives.

) Influence by Fukushima accident, by 2015 China can hardly
meet the nuclear capacity target set before. The lifting of inland
nuclear restriction will bring an unprecedented developmental
opportunity. The capacity will begin its accelerated growth
since 2015, and reach 61,609.5 MWe by 2020 with an annual
increasing speed of 10.99% accounting for 4.02% of total instal-
led-capacity, which is higher than the installed-capacity target
set by government.

) Considering the insufficiency of uranium resource, rapid
development will pose a great challenge to the safety of ura-
nium supply. Import dependence will be 60.49% by 2015, which
is lower than earlier estimates of 65%, because nuclear installed-
capacity fails to perform as expected. But the dependence will
reach its peak at 97.32% in 2019, and remain at around 80% since
2021. Thus China should build an efficient uranium reserve
system early to respond the changing supply situation, and
strengthen the cooperation with those resource-rich countries
simultaneously.

) Coal consumption controlling is an available mean to accelerate
nuclear power development, which can increase installed
capacity as well as generation. But there is still a long way to go
before China gets rid of its high reliance on coal resource.

In conclusion, China's nuclear power faces both opportunities
and challenges after the restart of new project approval. As a clean
and efficient energy, nuclear power will play an irreplaceable
important role at the aspects of ensuring energy supply security
and eliminating air-pollution emission. On the other hand, China
should focus on uranium supply security and nuclear safety to
realize the rapid and healthy development of nuclear power.
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