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A B S T R A C T

Recently China's wind power industry is challenged by many problems such as wind power integration and wind
curtailment, which seriously hinders the development of onshore wind power. Since China's policy has a direct
and significant influence on wind power industry, it is vital to analyze and evaluate published policies. This
paper explores in detail 134 China's onshore wind power policies from 2005 to 2015 so as to provide analytical
support for future formulation and implementation of wind power policy. Based on policy summary from
equipment manufacturing industry, wind farms and power grid industry, this paper evaluates the policies from
the perspective of overall plan, support policy and policy implementation using fitting method, game theory and
empirical analysis. The results indicate that China's wind policy is gradually becoming perfected, for example,
there are more reasonable objectives and improved support policies. However, many problems remain to be
solved, like unreasonable planning, imperfect support policies, immature trading systems and uncoordinated
actions among interest related parties. Furthermore, combined with international experiences, suggestions on
improving China's wind power policy are proposed from seven aspects.

1. Introduction

With the increasing severity of global environmental and energetic
problems, new energy and renewable energy development have re-
ceived more and more attention [1]. Due to the advantages of abundant
resources, relatively mature technologies, relatively low cost and non-
pollution, the use of wind power has become a main trend of countries
around the world [2]. By the end of 2016, the global cumulative
installed wind capacity is 486.7 GW [3], which brings wind power to
the fourth-largest source of electricity after thermal power, nuclear
power, and hydropower. Meanwhile, wind power technology has been
improved significantly [4,5], and the cost of wind power has been
declining gradually. Such rapid development of global wind power
industry is inseparable from the policy support of all countries. The
United States, Denmark, Spain, Germany and other countries have
issued series of policies to promote the development of wind power [6],
such as fixed price, investment subsidies, tariff incentives, tax exemp-
tion, domestic rate requirements, export assistance programs, research
and development (R &D) support, green electricity, renewable energy
quota system, concession policy and certification policy.

China has issued numbers of wind power policies to support the

development of wind power industry, which has made great progress in
wind power industry. By the end of 2016, the total cumulative installed
capacity of wind power in China has achieved 168.7 GW, which
accounts for 34.7% of global installed capacity and ranks first around
the world [3]. However, although wind policy in China has achieved
installed capacity growth, technical level improvement, wind power
cost reduction and development of other aspects, there are still exist
other problems like wind power integration and wind curtailment [7].
Furthermore, many problems are worth studying, for example, how
policies affect behaviors of subjects in wind power industry, what is the
variation trend of policies, whether these policies are reasonable and
which aspects still need to be improved.

Recently, many articles about Chinese wind power are published
every year and many of these studies involve policy. However, most of
the studies concentrate on wind power's status, only regarded policy as
an aspect of reasons for wind power development and did not carry out
a detailed and comprehensive analysis. In this sense, the researches
about analysis and evaluation of the overall policy for the whole
industry chain are still relatively few. These researches include the
comparison of wind power policy at home and abroad [8–12] and the
analysis and evaluation on the analysis of published wind power
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policies in China (Table 1). As we all know, wind power policy is a
whole and need to complement each other. Although some special
policies play an important role, other support policies are also
indispensable. But most studies in Table 1 mainly focus on some
special policies analysis, such as “Renewable energy law”, tariff policies
and price policies, rather than being comprehensive and systematic.
Besides, many studies do not make a classification of policies in the
process of analysis and evaluation, which will be detrimental to the
analysis of policy trend, vertical comparisons and horizontal compar-
isons. Furthermore, the methods are mainly based on empirical
analysis, few studies use regression method or game theory.
Empirical analysis that lack quantification and regression method are
based upon the development data of wind power industry, rather than
the policies itself, which could not analyze how policies influence the
development of wind power industry. For most researches using game
theory, their models include two players and their focuses are mainly
on part of industrial chain and part of policy, which has some
limitations. In addition, most previous studies ignore the analysis of
policy implementation. While the formulation and implementation of
policies are inseparable, it is meaningless to discuss formulation
without implementation.

In order to fill these research gaps, this paper collects existing
policies of onshore wind power policies from 2005 to 2015, using
fitting method, game theory and empirical analysis to analyze and
evaluate Chinese wind power policies. Our goal is to analyze the
developing trend and evaluate the rationality of Chinese onshore wind
power policies and propose appropriate recommendations for the
improvement of wind power policy. The results of this paper will
provide analytical support for formulation and implementation of
future wind power policy.

Compared to other studies, this paper has four differences: 1) Policy
completeness. A total of 134 wind power policies in 2005–2015 are
collected, which include all relevant policies like fiscal incentives,
project construction, technology R&D, supervision and management.
The integrity of policies makes the analysis more comprehensive and
systematic. 2) Different analysis perspectives. Wind policies are first
classified and summarized according to the main subjects of industry
chain (wind equipment manufacturing industry, wind farms and power
grid industry) and then according to policy content. This classification
facilitates the horizontal comparison of the subjects and the vertical
comparison of policy content, which is conducive to the analysis of
policy trends. 3) Different evaluation perspectives. Since the discussion
of specific part of the policy may ignore the interaction between
policies, this paper divides policy into overall plan and support policy.
This division allows us to discuss the rationality of objectives while
discussing other policies from an overall perspective, which is con-
ducive to policy improvement from top-level design. In addition,
because of different geographical environment, economic levels and
development status of different regions, the discussion of policy
implementation will contribute to the analysis and improvement of
specific regional policies. 4) Different analysis and evaluation methods.
The perfect information dynamic game theory of three players makes it
possible to quantify the game relationship of each subject in the
industrial chain, to see clearly how policy affect the behavior of subject,
to provide quantitative support the evaluation of policy. Moreover, the
fitting method allows us to quantitatively analyze the rationality of the
overall setting of goals.

This article is organized as follows: First, methods details are
described, including data collection, fitting and game theory. Second,
onshore wind power policies are summarized from three subjects in the
industry chain. Third, policies are analyzed and evaluated from three
aspects. At last, proposals for future wind power policies are put
forward.

2. Methodology

2.1. Data collections and classifications

The comprehensiveness of data collection directly affects the results
of analysis. For this reason, this paper collect 134 onshore wind power
policies in China from 2005 to 2015, which were issued by government
agencies and researched from related government websites. The
involved government agencies include the State Council, the National
Development and Reform Commission (NDRC), the Ministry of
Industry and Information Technology (MIIT), the National Energy
Administration (NEA), the Ministry of Science and Technology
(MOST), the Ministry of Finance, the Ministry of Environmental
Protection, the State Electricity Regulatory Commission and other
organization, like the State Grid Corporation.

Wind power industry chain is a system including many links, such
as components and whole machine production, wind farm construction
and operation, power grid consumption and other aspects. In this
paper, collected policies are classified into three parts, which are the
main subjects involved in wind power industry chain. When different
subjects are involved in the same policy, the policy is then put into each
mentioned subject (the total policies of the three categories may be
greater than 134). Furthermore, for each subject, different policy parts
are subdivided based on policy content. This classification is conducive
to make a horizontal comparison between different subjects and
longitudinal comparison of policy content, which is helpful to identify
the focal point and trends of China's wind power policy during different
periods from 2005 to 2015.

2.2. Fitting method

The fitting method in this paper mainly include things: 1) Analyzing
the impact of data update on overall plan target, and find whether it is
necessary to update data for more accurate target setting. 2) Exploring
the influence of different fitting methods, and the rationality of using
mathematical model for goal setting.

In order to achieve the goals mentioned above, exponential fitting
and cubic spline fitting are selected. The reason of choosing exponen-
tial fitting method is that the fitting results of this method are
consistent with the planning results, while the cubic spline fitting
method is widely used because of its good convergence and stability.

2.3. Game theory

Game theory is usually used to understand the action of decision-
makers, and find the optimal strategy [37]. In this paper, a perfect
information dynamic game model is used to discuss the optimal policy
choice of decision makers with the change of policy environment, and
then the wind power policy is evaluated. Here, wind power policy is
regarded as the external environment of the dynamic game model, and
is represented by the change of time.

Concepts and parameters:
Players: Players are decision makers in a game whose purpose is to

maximize the level of payoff by choosing strategies. In this paper,
equipment manufacturers (A), wind farms (B) and power grid en-
terprises (C) are set as players.

Strategies: Strategies are the decision variables of a player at a
certain point in the game. The strategies of player A, B, C are defined as
i, j, k respectively. i={expand production, improve technology, un-
changed, reduce production}, j={expanded scale, improve efficiency,
unchanged, reduced production}, k={full purchase, partial purchase,
no purchase}. For convenience and without confusion,
A A A A A= { , , , }i 1 2 3 4 , B B B B B= { , , , }i 1 2 3 4 , C C C C= { , , }i 1 2 3 .

Payoff function: Payoff is the expected utility level of participants.
Payoff is the most concerned factor of players, whose purpose is to
choose strategies to maximize the payoff function.
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As China's wind power does not participate in market competition,
pt varies only with policy changes. Suppose RA

t
i , RB

t
j and RC

t
k are the

payoffs of three players. p t
1 , p t

2 , q t
1 , q t

2 are general turbine price, high-
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turbine purchased, high-efficiency turbine purchase and power gen-
eration of wind farms under j strategies. CC

t
k , EC

t
k , SC

t, QC
t

k and QMax
t
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k j . Since wind power
industrial chain followed by equipment manufacturers, wind farms and
power grid enterprises, power grid enterprises are in a dominant
position when there are no policy impacts. Fig. 1 shows the game tree
of three players. When the income of purchasing and selling wind
power is greater than that of other energy power, the optimal strategy
for power grid enterprises is purchasing wind power within the
maximum withdrawal range. On the contrary, the optimal strategy is
no purchase. Because the cost of wind power is much more expensive
than that of conventional power generation, which is 117 times higher
than coal power [38]. Hence, the sub game perfect Nash equilibrium
without policy factors is (no purchase, reduced scale, reduce produc-

tion). It means that the development of wind power industry must rely
on policy support. Section 4.1.2 will discuss it again after considering
the wind power policy.

3. Overview of onshore wind power policies and regulations
in China

Based on data collection and classification in Section 2.1, this
section summarizes 134 policies from three subjects, which are
equipment manufacturing industry, wind farms and power grid
industry.

3.1. Equipment manufacturing industry

To boost the development of wind power equipment manufacturing
industry, “Notice of the NDRC on relevant requirements on wind power
construction management” was issued in 2005. This notice required
that the localization rate of wind power equipment should reach above
70%. This compulsory policy protects domestic enterprises and re-
markably stimulates the development of wind power equipment
manufacturing industry (This policy was canceled in 2009). In addi-
tion, China has also issued many relevant policies in some aspects like
technology R&D, fiscal incentives and supervision management to
support the development of wind power equipment manufacturing
industry.

3.1.1. Technical research
Since 2005, the NDRC, the State Council, the MIIT, the MOST and

other departments have issued many policies to support the develop-
ment of wind power equipment manufacturing industry. Policies
mainly include “Special notice on the organization and implementation
of applying high technology to improve the production of renewable
and new energy resources”, “Several opinions on guiding the healthy
industrial development by restraining excess production capacity and

Fig. 1. Game tree of equipment manufacturers, wind farms and power grid enterprises.
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repeated construction of some industries”, “Implementation plan to
revitalize the basic mechanical parts and components industry”, “The
12th Five-Year special plan on the wind power technology develop-
ment”, “Notice of the 12th Five-Year development plan for national
strategic emerging industries”, “Catalog of encouraged industries in
western China”. These policies point out the direction for technology R
&D of Chinese wind power equipment industry. The force of equip-
ment technology R&D is the industrialization of 1.5 MW variable
speed pitch-regulated wind turbine and 1.2 MW direct drive perma-
nent magnet wind turbine in 2005. And in 2009, the force shift to wind
turbine and key components development of 2.5 MW and above. Then
focus is put on wind turbine and key components 1.5 MW and above in
2010 and shift to the development of 3–5 MW large-scale turbines in
2012. In recent years, the overall technical level of wind power is
significantly improved. Manufacturing capacity of domestic blades,
gearboxes, generators and other parts has been close to international
advanced level [39], and individual types of wind turbines are in the
leading status [40].

3.1.2. Fiscal incentives
In recent years, various national ministries have issued fiscal

incentive policies to facilitate the development of wind power equip-
ment manufacturing industry. For instance, “Notice concerning the
implementation of the state council's several opinions on accelerating
the revitalization of equipment manufacturers through import tax
policies” adjusts the import tariff on the high-power wind turbine.
“Notice on adjusting the import tax policies for high-power wind
generating sets and their key components and raw materials” imple-
ments import tax rebate for key components and raw materials of wind
turbine above 1.2 MW. “Interim measures on managing special funds
for industrialization of wind power equipment” provides 600 Yuan/kW
subsidies for the first 50 wind turbine production. These policies
extremely promoted the development of equipment manufacturing
industry. In recent years, China's equipment manufacturers continue to
grow, which occupied the domestic market and gradually opened up
international markets.

3.1.3. Supervision and management
Equipment accidents like fire disasters, collapses, abnormal outages

and other major equipment accidents frequently occurred between
2010 and 2011. In view of the gradually increased wind equipment
accidents, China begins to pay attention to quality supervision and
standard construction. The NEA and the NDRC have successively
issued several policies to put forward requirements on wind power
equipment localization rate, manufacturing and operation, equipment
testing and certification system, wind power equipment quality, market
information disclosure and regulatory requirements. These policies
mainly include “Notice on investigating into conditions about manu-
facturing and operation of wind power equipment nationwide”,
“Several opinions on promoting healthy and orderly development of
industrialization of wind power equipment”, “Notice on submitting
information about quality of wind power equipment nationwide in
2011″, “Notice on strengthening the construction of the monitoring
and evaluation system for the wind power industry” and “Notice on
relevant requirements to standardize the order of the wind power
equipment market”.

3.2. Wind farms

China's policies for wind farms can be roughly divided into three
parts, wind power projects, fiscal incentives, supervision and admin-
istration.

3.2.1. Wind farm construction
Since 2005, China has successively issued several policies to

approve wind power generation projects (Fig. 2). These provinces are

mainly winded energy resource-rich areas (I, II, III class) except
Shandong, Liaoning and Shanxi. According to the proportion of total
cumulative installed capacity of the seven wind energy resource-rich
provinces from 2006 to 2016, China's wind power development shows
a reversed U trend and focus begins to shift to non-rich areas. During
the “12th Five-Year Plan” period, China approves and verifies five
batches of wind power projects, with a total of 118.49 GW. Moreover,
the structure of approved projects has a significant change since the
fourth batch, which begins to incline towards IV type of resource areas.
With the rapid development of wind farms, national requirements for
approved projects gradually become stricter. As for the fifth batch of
approved projects, wind curtailment of fast-growing regions could not
arrange new project.

3.2.2. Fiscal incentives
China's fiscal incentives for wind farms mainly include power

pricing policy, subsidy and preferential policy.

3.2.2.1. Power pricing policy. The gradual adjustments of wind power
on-grid price keep wind farms from participating in competition, which
provides a stable trading environment. Since 2005, the NDRC have
successively issued a series of policies to adjust onshore on-grid price of
wind power. Those policies include “Interim measures on management
of on-grid price”, “Provisions on management of renewable energy
power generation”, “Notice on improving policies concerning on-grid
price of wind power”, “Notice on properly adjusting the benchmark on-
grid price of onshore wind power”. In 2005, the on-grid price of wind
power adopted the combination of government pricing and the bidding
price. Then, it developed from the combination of bidding price plus
approved price in 2006 to the benchmark price in 2009, and finally
adjusted benchmark price in 2014.

3.2.2.2. Subsidy and preferential policy. China's major
implementations of preferential policy are feed-in tariff, income tax
allowance and value-added tax (VAT) rebate. In terms of feed-in tariff
for renewable energy resources: “Trial measures on management of
generating tariff and cost allocation of renewable energy power
generation” impose renewable energy electricity for power generation
subsidies. In recent years, additional charge of renewable energy
electricity has been increased from 0.001 Yuan/kWh in 2006 to
0.002 Yuan/kWh in 2008, then from 0.004 Yuan/kWh in 2009 to
0.008 Yuan/kWh in 2011, and finally to 0.015 Yuan/kWh in 2013.
Such adjustment plays an important role in the rapid development of
wind power industry. Since 2012, China has issued six batches of
“Catalog of feed-in tariff for renewable energy resources” to support
wind power generation projects. Besides, construction funds subsidies
and unit generation capacity subsidies for eligible distributed wind
enterprises have been provided since 2013. In terms of tax policy: as
stipulated by “Law of the PRC on enterprise income tax”, high-tech
enterprises supported by the state are charged only 15% of the total
corporate income tax. “Regulations on the implementation of
enterprise income tax law of the PRC” proposes that project enjoy
three reduction and three halves of enterprise income tax after 2008.
“Notice on comprehensive utilization of resources and VAT policies for
other products” puts forward a 50% VAT refund policy for self-
produced wind products. As proposed by “Notice on VAT tax policy
on wind power generation”, electricity products sold and produced by
the taxpayers using wind power enjoy a 50% VAT refund policy since
July 1, 2015.

3.2.3. Supervision and management
Since 2005, China has issued a number of policies to continually

improve the mechanism to supervise wind farms. For example,
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“Provisions on management of renewable energy power generation”
clearly defines the responsibility and property right of wind power
integration and proposes that wind power generation projects above
50,000 kW shall be verified or approved by the NDRC (The indepen-
dent approval right of local governments was taken back in 2011).
During the period between 2010 and 2011, about 273 wind turbine
collapse accidents occurred, imposing an enormous threat to the safe
operation of the wind farms. After the occurrence of those accidents,
China has issued a series of policies to enhance the supervision and
management of wind farms. For instance, all wind farms should have
wind power predict and forecast ability, and low voltage riding through
ability. Besides, the utilization ratio of wind power shall be regarded as
an important index to arrange the annual wind power development
scale and project layout. Moreover, wind power projects shall be
equipped with wind observation data for more than a complete year
and the integrity rate of the data shall be above 90%. Furthermore,
wind turbine in newly approved projects shall carry out grid connection
testing. In addition, China has also strengthened the establishment of
relevant standards on wind farms. By the end of 2014, China has
released 161 technical standards of wind power, which includes 67
national standards and 94 industrial standards [52].

3.3. Power grid industry

China's policies for power grid industry can be roughly divided into
power grid projects, fiscal incentives, supervision and administration.

3.3.1. Power grid project construction
To ensure the grid connection and consumption of wind power,

China has increased investment and made great efforts in power grid
project construction. According to incomplete statistics, by the end of
2010, China's total investment in wind power transmission project has
reached 41.8 billion yuan; the completed route of wind power
transmission project has reached a length of 23,000 km; the transfor-
mer capacity was 37.7 GV·A [53]. After 2010, China has enhanced the
on-grid construction of ultrahigh voltage projects, and successively
approved 17 trans-provincial ultrahigh voltage transmission and
transformation projects. Among them, 8 projects have already been
put into operation, 7 projects are currently being constructed and 2
projects have been approved [54]. In recent years, with the continuous
expansion of wind power installed capacity, wind power generation in
China has also increased. The grid-connected power generation
increased from 2.84 billion kWh in 2006 to 241 billion kWh in 2016.
The proportion of wind power generation accounting for the total
power generation increased from 0.1% in 2006 to 4% in 2016 [55].

3.3.2. Fiscal incentives
In recent years, there are relatively few fiscal incentive policies and

small subsidies for power grid enterprises. In 2006, “Trial measures on
management of generating tariff and cost allocation of renewable
energy power generation” proposed the charge of additional renewable
energy power electricity for the relevant access network subsidies. As
put forward by “Interim measure on deployment of additional revenue
of renewable energy electricity price”, the charging standard of grid
connection shall be made according to the length of the route. Since
2012, China has issued five batches of “Catalog of feed-in tariff for
renewable energy resources” to provide subsidies for grid connection
projects. However, the amount of subsidies for grid connection projects
is relatively small compared to that of wind farms. For example, in
“Notice on the scheme of feed-in tariff and rationing transaction for
renewable energy resources”, the feed-in tariff for wind power projects
reached 226.618293 million yuan while the subsidy for grid connection
projects is only 1.156193 million yuan, which accounts for 0.51% of the
wind power projects. At present, China has already started to improve
policies to support and stimulate power grid construction. In July
2015, the NEA released “Action plan to construct and transform power
distribution network (2015–2020)” to actively coordinate with
Ministry of Finance in studying and issuing supportive policies for
local budget funds and further increase investment in the construction
and transformation of the power distribution network. It cooperated
with the tax departments to study and implement preferential tax
policies and electric charge policies for the construction, transforma-
tion and operation of the power distribution network. Compared to the
increased installed capacity, relatively low grid-connected rate and high
wind curtailment rate still exist. According to China's statistics year-
book of power, the grid-connected rate of wind power shows an
inverted U trend from 2006 to 2016, which is 80% in 2006 and
reached the minimum of 66.13% in 2010, then increased to 92.2% in
2016. This indicates that although this phenomenon has gradually been
improved since 2010, nearly 22% of wind power generation per year is
idled because of not connecting to the grid. In addition, under the
background of power demand growth slowdown and power grid
construction lags, severe wind curtailment in China has emerged since
2010. From 2010–2016, wind curtailment has showed fluctuating
trends, with the average rate of 14% [56].

3.3.3. Supervision and management
Since 2005, China has successively issued a number of policies to

supervise and manage power grid enterprises. As required by
“Renewable energy law”, power grid enterprises must purchase renew-
able energy power in full amount. “Administrative provisions on
renewable energy power generation” stipulates that power grid en-
terprises are responsible for the investment of access system. “Medium

Fig. 2. The cumulative installed capacity of 31 provinces from 2006 to 2016 [41–51].
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& long term development plan for renewable energy” sets a mandatory
market share target for non-hydro renewable energy generation.
“Amendment of renewable energy law” revises the full purchase to
guarantee purchase, which legally guarantees the consumption of wind
power. In addition, China has released several notices and measures to
ensure wind power integration. For example, power grid enterprises
shall be responsible for the investment and construction of external
grid connection equipment needed in distributed generation, and the
transformation of public supply system caused by the integration;
electricity system operators shall be in charge of predicting the wind
generation power of power system; a forecast wind power system and a
corresponding power network dispatch system should be established to
guarantee the priority dispatching of wind power and confirm the
minimum guaranteed purchase hours in two types of resource areas;
implementing guarantee purchase measurement of wind power in full
amount; setting up medium& long term, short term and ultra-short
term provincial wind power prediction system and dispatching me-
chanism of grid-connected operation; formulating and implementing
management measures for the administration of renewable energy
quotas and the full purchase of wind power.

4. Assessing the policies of China's onshore wind power

Based on the summary of China's wind power policies above, this
section will analyze and evaluate China's onshore wind power policies
from overall plan, support policy and policy implementation.

4.1. Overall plan

By comparing the planning objectives to the actual completion
conditions (Table 2), we find that China's wind power policy objectives
contain the following problems.

4.1.1. Targets being set is unreasonable
China takes capacity-based target as its onshore wind power

planning objective, which is unreasonable. The establishment of
capacity-based targets, rather than power generation-based goals,
may come from the two-stage wind power development strategy of
China, which is reflected in the “Opinions about the implementation of
the promotion of wind power” [14]. However, the capacity target will
lead policymakers to consider how to increase the installed capacity
from the perspective of wind farms, without taking the whole industrial
chain into consideration. This makes relevant R &D supportive policies
and fiscal subsidies partial to wind farms and upstream equipment
manufacturing industry. Meanwhile, grid connection links has been
ignored, which leads to the unsustainable development of the whole
industrial chain in China. Recently, the phenomenon of wind curtail-
ment not only exposes the restriction of power grid but also reveals the
unreasonableness of the capacity-based target.

4.1.2. Planning does not play a guiding role
Due to an inaccurate estimation of the development trend of the

wind power industry, the planning index set is too low (Table 2). Since
2006, the target for wind power installed capacity has always lagged
behind the practical development. Especially during the “11th Five-
year” period, the actual accumulate capacity by the end of 2010 is
791.65% higher than the target set in “Notice on issuing implementa-
tion opinions on promoting development of the wind power industry”
and “Medium& long term development plan for renewable energy”,
and 347.33% higher than the target set in “11th Five-Year planning for
the development of renewable energy”. Meanwhile, the newly installed
capacity is 380.92% higher than the target set in the “11th Five-Year
planning for the development of renewable energy”. During the “12th
Five-Year” period, the newly installed capacity, the accumulative grid-
connected installed capacity and the accumulative installed capacity
are respectively 43.17%, 27% and 45% lower than the actual values.

Analysis on the reasons of low planning index: 1) leading by index
determination method. Referring to the development trend of wind
power industry in Germany, “Medium& long term development plan
for renewable energy” put forward that the installed capacity targets of
wind power in 2010 and 2020 should reach 5 GW and 30 GW
respectively. However, Germany is largely different from China in
many aspects like wind resource, power construction, grid construc-
tion, power load and policy environment. Therefore, it is irrational for
China to make its planning based on the trend of wind power industry
in Germany. As for the target that the total installed capacity should
reach 5 GW by the end of the “11th Five-Year” period, this paper
predicts the installed capacity of 2010 using the exponential fitting
method and cubic spline interpolation method. Table 3 shows that the
results of different prediction methods vary widely. 2) The basic annual
data are not updated in time. The results indicate that it is necessary to
update data for the more accurate target setting. The targets set in 2006
are the same as 2007, and the targets set in 2012 are the same as 2014.
Although it is unreasonable to change the planning targets frequently,
yet if the targets completely deviate from the practical situation and
cannot play any guiding role, timely updates are needed to be carried
out based on the new data. Take policies issued in 2006 and 2007 as an
example, Table 3 shows that after the data in 2006 is added, the
predicted value of 2010 increased by 3250.6% and 65.32% respectively.
The results imply that timely updating of basic annual data has a
comparatively large impact on the setting of indexes. This also
indicates that the development of wind power industry is affected by
many factors, and target setting cannot be completely based on the
results of mathematical model. 3) The basic reason is the incomplete
support policies. According to the summary of policies in Section 3,
China's wind power policies are severely partial to equipment manu-
facturers and wind farms. Due to incentive policies like fixed power
price, purchasing in full amount, fiscal and subsidy policies, and the
absence of relevant standards and supervisory system, wind farms has
a great enthusiasm to expand their installed capacity. As a conse-
quence, China's installed capacity of wind power is increasing far
beyond the planning targets.

In general, the gap between the planning target and the practical
situation during the “12th Five-Year” period is much smaller than that
of “11th Five-Year” period. This indicates that China's ability to grasp
the development of the wind power industry is gradually becoming
stronger and its planning targets also tend to be more reasonable.

4.2. Support policies1

The support policies of onshore wind power in China can be roughly
divided into two stages. During 2005–2009, wind power support
policies are incomplete. The main performances are: 1) Policies are
seriously skewed. Policies of this stage mainly concentrated on equip-
ment manufacturing industry and wind farms, which supported
technical R &D, project approval, export tax rebate, VAT rebate, fixed
price, electricity subsidies and other aspects. But there are few
incentive policies for power grid enterprises, and mostly are policies
that fulfill responsibilities. For example, China mandates power grid
enterprise to fully purchase wind power and also responsible for the
investment of wind power connection system, while there are only a
few subsidies. Compared to the risk and expenditure of power grid
enterprise, such small subsidy can hardly play an incentive role. 2) The
deficiency of support policy in every link of wind power development,
such as relevant standards and regulatory system. In this period, the
support policies are also incomplete, which result in the blind expan-
sion of equipment manufacturers and wind farms, overestimated
construction and scale, underestimated quality and management and

1 [Note]The support policy of this paper indicates other policies except the planning
policy.
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other issues. These problems planted a hidden danger for the devel-
opment of wind power industry. Although there is no consumption
enthusiasm for wind power enterprises during this period, wind
curtailment phenomenon is not obvious. The reason is that the
proportion of wind power is relatively low, which has a small impact
on power grid.

Since 2010, with the emergence of frequent off-grid accidents and
wind curtailment, the drawbacks of incomplete support policies begin
to reveal. To solve the problems above, China has successively issued
multiple measures to improve the support policies: 1) Relevant
standards and supervision systems are established. For example,
China proposed requirements for equipment production, quality and
operation, equipment testing and certification system, market informa-
tion disclosure and supervision. Moreover, China proposed require-
ments for wind farms’ grid connected monitoring, forecast wind power
ability, low voltage riding through capability, wind curtailment propor-

tion, wind power utilization ratio, wind measurement data, construc-
tion and operation management. Furthermore, China has also put
forward requirements for power grid enterprises’ prediction of wind
power generation output, priority dispatching of wind power, schedul-
ing mechanism of wind power grid-connected operation and the
construction of support power grid. 2) Adjusting power supply
structure. Through macro-control, China restricts the new installed
capacity in regions with serious wind curtailment. In addition, improve
the peak-load regulation ability of conventional power units by
increasing pumped storage unit, gas power generation and other
flexible adjustments of power. 3) Supporting related wind power
technology R&D to improve equipment technology, wind resources
assessment, wind power prediction, grid connection and energy
storage. 4) Exploring new approaches to utilize wind power. For
instance, China has been actively promoting wind power clean heating
and hydrogen technology, and provides the corresponding project
supports. 5) Strengthening the power grid construction. China has
increased the investment in the transformation of distribution network
and fixed the preferential tax and power price policies for power grid
construction, transformation and operation.

Continuing the discussion in Section 2.3, now we will analyze how
policies influence the behavior of each subject in the industry chain and
then evaluate policies based on the development trend of wind power
industry.

According to the discussion in Section 2.3, the grid power enter-

Table 2
Planning objectives and completion status.

Time Policy Planned target Practical situation

November
2006

Notice on issuing implementation opinions
on promoting development of the wind
power industry

By the end of the “11th Five-Year” period, the total
installed capacity should reach 5 GW. Establish the
national standard and certification system for wind
power equipment, and the public technical platform for
the trial and test key components. Cultivate wind
turbine manufacturer and key components production
companies.

By the end of 2010, the total installed capacity reached
44.7325 GW. A total of 20 wind power standards have
been completed or being developed, of which 5 have
been issued. Three wind power testing and
certification institutions are set, but the corresponding
system has not been established yet. There are 80
domestic enterprises engaged in wind turbine
research, 4 of which ranked among the world's top 10
enterprises and 7 among the top 15. There are also 67
blades, 10 gear boxes, 16 bear and 12 converter
manufacturing enterprises.

September
2007

Medium& long-term development plan for
renewable energy

By the end of 2010, the total installed capacity should
reach 5 GW, and basically achieve the main equipment
domestically.

By the end of 2010, the total installed capacity reached
44.7325 GW and the domestic rate of wind power
equipment was 90%.

March 2008 The “11th Five-Year” planning for the
development of renewable energy

During the “11th Five-Year” period, the new installed
capacity should reach 9 GW and by the end of 2010, the
total installed capacity should reach 10 GW. The
domestic manufacturing capacity of wind power
equipment and wind turbine should achieve an annual
output of 5 GW, and the production of accessories
should reach an annual capacity of 8 GW. The domestic
wind power equipment manufacturing enterprises
should realize the mass production of wind turbine
above 1.5 MW.

During the “11th Five-Year” period, the new installed
capacity was about 43.2829 GW. By the end of 2010,
the total installed capacity reached 44.7325 GW. The
production capacity of wind turbine was 18.96 GW
and domestic wind power equipment manufacturing
enterprises have the ability to manufacture wind
turbine and main components of 1.5 MW and above.
There are 22 domestic wind power equipment
enterprises have a MW production ability. At this
period, 1.5 MW and 2 MW become the main types of
wind turbine.

March 2012 The “12th Five-Year” special plan on the
wind power technology development

During the “12th Five-Year” period, China plans to
achieve more than 70 GW of new installed capacity.

During the “12th Five-Year” period, the new installed
capacity reached 100.23 GW.

July 2012 The “12th Five-Year” plan on wind power
development

By the end of 2015, the accumulative grid-connected
installed capacity should reach 100 GW. Have 3–5
wind turbine manufacturing enterprises with
international competitiveness and 10–15 high-quality
parts suppliers.

By the end of 2015, the accumulative grid-connected
installed capacity reached 127 GW. By the end of 2014,
total 8 Chinese enterprises ranked among the world's
top 15 wind turbine suppliers.

July 2012 The “12th Five-Year development plan for
national strategic emerging industries

By the end of 2015, the accumulative grid-connected
installed capacity should reach 100 GW. Construct
large-scale wind power transmission channels to solve
the consumption and long-distance transmission of
wind power.

By the end of 2015, the accumulative grid-connected
installed capacity reached 127 GW. There are 17 trans-
provincial ultra-high voltage projects.

January 2014 Guiding opinions on 2014 energy work By the end of 2014, the newly installed capacity should
reach 18 GW.

By the end 2014, the newly installed capacity reached
23.196 GW.

March 2014 Notice on issuing the work program for the
energy industry to enhance the prevention
and control of atmospheric pollution

By the end of 2015, the installed capacity should reach
100 GW.

By the end of 2015, the accumulative grid-connected
installed capacity reached 145 GW.

Table 3
Predicted values gained by different data and methods.

Data from 1995 to 2005 Data from 1995 to 2006

Predicted
Value of
2010
(10 MW)

Exponential
Fitting

Cubic Spline
Interpolation

Exponential
Fitting

Cubic Spline
Interpolation

469.14 16853 15719 27861
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prises have no incentive to buy wind power without policy implications
as a prerequisite. During the period from 2005 to 2009, seriously
skewed policies such as relatively few construction supports, high cost,
low subsidy, have made grid power enterprises still reluctant to
purchase wind power. But due to mandatory policies for full purchase
of wind power and the small amount of wind power generation, power
grid enterprises have no choice but to fully purchase. At that time, costs
are gradually decreased, subsidies are gradually increased and suffi-
cient market and price protection, the optimal strategy for wind farms
is to increase wind power generation to the maximum withdraw range,
while reducing equipment costs. Since the cost of expanding produc-
tion is obviously smaller than improving technology, wind farms will
choose to expand scale to increase wind power generation. Meanwhile,
blind pursuit of profit keeps them from caring the range of maximum
withdraw, which soared both number and size of power farms. Similar
to wind farms, equipment manufacturers are also favored by policy.
Therefore, the best approach for them is to expand production, instead
of improving technology. Hence, the subgame perfect Nash equilibrium
is (full purchase, expanded scale, expand production). The payoffs of
power grid enterprises, wind farms and equipment manufacturers are
Q q q C S E× ( − − + − ),Max

t t t
C

t
C

t
C

t
2 1 1 1

Q q C S N p× ( − + ) − ×Max
t t

B
t

B
t

B
t t

1 1j1 and N p C S× ( − ) +A
t t

A
t

A
t

1 1 1i re-
spectively. This also explains that grid enterprises have no incentive
to develop wind power-related infrastructure, wind farm construction
and equipment manufacturer production.

Since 2010, although the construction supports and subsidy have
gradually increased, grid power enterprises still have no incentive to
purchase wind power, especially for the regional supply of electricity.
Due to the explosive growth of wind power and imperfect supervision
and management issues, it has posed a threat to the safety of power
grid. Most importantly, the guarantee of purchase policy makes grid
power enterprises choose partial purchase for the reasons of safety, and
wind curtailment began to appear. Nonetheless, wind farms are still
profitable because of high subsidies, yearly reduced equipment and
other costs. The grid companies dominated once again, because that
the guarantee purchase is such a vague definition that wind farm
cannot determine how many wind power will be purchased and the
market demand cannot be guaranteed. Therefore, wind farms choose to
improve efficiency or reduce production. Correspondingly, affected by
the market demand of the industrial chain, the equipment manufac-
turers correspondingly pay attention to improve efficiency, or reduce
production like focusing on the international market or turning to
offshore wind turbine research and production. In this case, there are
two possible strategic profiles. The first is (partial purchase, improved
efficiency, improved efficiency), with payoffs
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national policy in incentive policies, technical support, supervision and
management, the industry chain will achieve some kind of balance, and
the constraints of grid power industry will gradually disappear.

In general, the incomplete wind power support policy reflects the
lack of overall consideration, which is particularly serious before 2010.
After 2010, China has issued a number of policies related to standard,
supervision, power supply, power grid and technology, trying to solve
problems like wind curtailment. It indicates that China's wind power
support policy is gradually progressed, although there still exist some
places needed improving.

4.3. Policy implementation

Although China has issued numbers of wind power policies, yet part
of them have become mere formalities and have not been well carried

out or the implementation results failed to reach expectation. In recent
years, provinces like Xinjiang, Gansu and Ningxia have successively
launched local policies such as “direct-supplying electricity transac-
tion”, “self-generation power plant substitute transaction” and “trans-
regional transaction”. Consequently, even by providing a zero price can
wind power enterprises gain on-grid capacity, which further aggravates
the severe problems of wind curtailment. In 2015, Yunnan Province
issued that wind power shall compensate thermal power. That means
40% of electric quantity in November and December, wind power
enterprises have to give 0.21 yuan to thermal power enterprises for
each kWh of power generation [57]. In the same year, Xinjiang
Government claimed that there is no space for the consumption of
new energy because of the guarantee of heating supply. The new energy
power stations that had not participated in transmission or alternative
transaction should suspend power generation. The above acts violate
relevant rules and regulations, and indicate that there are still many
problems during the implementation of wind power policies. The main
reasons are as follows: 1) some policies are ambiguously defined and
fail to play a guiding and restraining role. For instance, the guaranteed
purchase is not clearly defined and there is no concrete standard. As a
result, it is hard to supervise and evaluate power grid enterprises. 2)
Part policies fairness is poor, which leads to problems in profit
distribution. The compensation mechanism of support services for
peak regulation do not have a diversified standard to divide basic peak
regulation and deep peak regulation among all the power generation
sets. It failed to take differences between peak regulation margins of
different power generation sets into consideration. As a result, the
standard was not fairly formulated, which leads to difficulties in
collecting peak regulation compensation cost and implementing cur-
rent policies. 3) Some policies lack specific operation. For example,
after the issuing of mandatory market share target, no more detailed
operation, reward or punishment measures were formulated later,
which made quota system failed to be effectively carried out. 4) The
policy has not played a synergistic effect. There is no synergy between
national target planning and local target planning, wind power projects
planning and other power construction planning, wind power project
construction and power grid construction. As a consequence, China's
planning objectives and support policies did not form a joint force, and
failed to play their expected roles. 5) The development of wind power is
restricted by current regulations. Current power price policy, like
divisional power price, negatively affects the trans-provincial transac-
tion of wind power. Fixed power price are disadvantageous for wind
power to participate in market competition. Local governments and
power grids only take thermal power into consideration while planning
the quantity of electricity, which endows thermal power enterprises
with the priority right and compresses the space of wind power.
Meanwhile, power grid wheeling charge is not clearly clarified and
transmission losses cannot be compensated, which causes problems in
profit distribution and hinders wind power integration. 6)
Development of environmental constraints. The space of wind power
integration is restricted by relatively slow power consumption growth,
overcapacity of power generation industry and wind power industry,
the dominant power structure of thermal power, insufficient peak load
regulation capability and other aspects. 7) Technology status con-
straints. Technologies related to wind energy resources assessment,
wind power prediction, low voltage through capability and other
technologies still need to be improved, which to a certain extent,
restricted the large-scale wind power grid.

Therefore, the development of wind power in China is ultimately
confronted with regulations and interests problems. Relevant stake-
holders within and between regions failed to well cooperate with each
other. As a result, the actions of all parties involved are not effectively
coordinated and the promises cannot be well fulfilled. For instance, the
power industry in Jiuquan, Gansu Province faces excess production
capacity internally and limited electric transmission lines externally,
yet the local government is partial to thermal power generation while
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considering GDP and employment on the one hand, and trying to
vigorously develop wind power generation on the other hand. Taking
interests like cost and safety into consideration, power grid enterprises
only regard wind power as a load instead of actually accepting it. As a
consequence, Phase-I wind power projects in Jiuquan face severe wind
curtailment while Phase-II projects are still being constructed. The
reason for above situation is that liability subjects in wind power
development are unclear and the related parties only pay attention to
their own interests and shirk responsibility. Wind farms attributed
wind curtailment to power grid enterprises, and maintain that as long
as wind power can be integrated into the big power grid, it can be
utilized throughout the country. Power grid enterprises attribute it to
state grid for lack of lines to transmit power to other regions. The state
grid claims that the power transmission lines have already been
planned and the sluggish construction of the transmission lines is
caused by complicated and slow energy project approval process. NEA
denies this statement and attributes it to local governments for blindly
develop wind power beyond their actual consumption ability. In
addition, energy supply is divided by regions, so most regions only
care about their own interests. Some regions like Hunan, Hubei and
Jiangxi [58] prefer to build thermal power projects in order to solve
power shortages, but they are unwilling to accept wind power from
other regions. In a word, many actions need to be done to ensure the
effective implementation of wind power policies issued by China. For
instance, comprehensively considering the interests of all stakeholders
in the entire industrial chain within a region and between different
regions, making joint efforts between support policies and planning
targets, and making coordination among relevant support policies.
Only in this way can wind power industry gain better development.

5. Conclusions and proposals for China's wind power policy

From the above analyzes and evaluates of Chinese onshore wind
power policies from 2005 to 2014, we find that policies can be classified
into two stages. From 2005–2009, the target set of overall plans is
unreasonable and the support policies are incomplete, which is mainly
reflected in the lagged goals and heavily inclined policies. This policy
environment has led to explosive development of wind farm and
equipment manufacturing industry, while power enterprises are very
passive in purchasing wind power. Since 2010, the actions like
establishing standards, improving supervision and strengthening the
support of power grid industry. The main achievements are: grid-
connected rate is being gradually decreased, wind power construction
has shifted to IV type of resources areas, more attention and support
has been taken to wind gird. However, the phenomenon of wind
curtailment caused by power grid restriction cannot be solved in a
short time and the policy implements still have many problems. In
general, the set of China's onshore wind power policy objectives are
more reasonable, and the support policies are also being gradually
improved. However, it is undeniable that there still exist technical,
environmental, institutional, human factors and other issues.
Therefore, combined with the international wind power policy experi-
ence, this paper gives advice for policy to support future development
of wind power in China.

5.1. Improving government's performance assessment system

Performance assessment system is the prerequisite to guarantee the
effective implementation of wind power policy. In 2016, “Improving
the government's performance appraisal system” proposed to improve
development results evaluation system so as to correct the tendency of
assessing performance simply by economic growth rate. Meanwhile,
this decision increased the weights of resources consumption, environ-
mental damage and ecological benefits, overcapacity and other indica-
tors. But at present, there is no unified policy performance evaluation
standard, most areas still regard GDP as an important indicator of local

government performance evaluation. For wind power, imperfect eva-
luation system lead by local governments did not give priority to wind
power position for overall planning, which resulted in different
interests starting point among local government, equipment manufac-
turing company, wind farms and power grid enterprise. This makes it
difficult to coordinate actions among these parties. Therefore it is
necessary to unify evaluation system as soon as possible, establish a
third-party agency to demonstrate feasibility and rationality of local
planning, policy implementation, and make the results as part of the
evaluation system. And then fundamentally changing the position and
attitude of the local government towards wind power and other
renewable energy sources, providing ideological foundation for wind
power industry development and the implementation of national
policies.

5.2. Strengthening overall planning

Overall planning is the foundation to guarantee the effective
implementation of wind power policy. Spain focused on the develop-
ment of large-scale wind power transmission capability, and built a
strong backbone, efficient and reliable distribution network and cross-
border networking, which has become a strong supporter of wind
power consumption. Meanwhile, wind power grid companies in Spain
carried out priority scheduling for wind power. And other conventional
generators cooperated with wind power output. In order to meet the
increased wind power installed capacity and electricity generation,
Spain has developed generator with a depth peak load capacity, like
vigorously gas-fired units, oil and gas mixed fuel units, and actively
promoted the construction of pumped storage units. Besides, Spain has
set up Renewable Energy Power Control Center (CECRE), which is
responsible for scheduling national renewable energy power genera-
tion. In addition, relative law is established to require wind farm to
build real-time monitoring center, so as to strengthen the scheduling
control of renewable energy generation. In China, different powers are
formulated and planned separately. With the slowdown in electricity
demand, power surplus begins to appear. Besides, grid infrastructure is
still relatively weak, and it cannot fully meet the needs of large-scale
wind power. Therefore, it is necessary to strengthen the overall
planning of wind power construction, including the integration of
national and local policies, the coordination of wind power and other
power construction, the coordination of wind power and power grid
construction. And clearing the main responsibility, implementing
supervision, evaluation and punishment system to ensure that policy
is implemented. Among them, the integration of national and local
policy can prevent policy implementation from not matching the
overall planning.

5.3. Improving the wind trading system

Trading system is the key point to guarantee the effective imple-
mentation of wind power policy. The current wind power market price
mechanism of foreign countries are mainly divided into two categories:
incentives policy based on electricity and incentives policy based on
price, for example, the quota system represented by the United
Kingdom, the United States and the Nordic countries, the fixed price,
and the premium mechanism represented by Germany, Spain,
Netherlands and other countries. In 2016, China's eight departments
jointly issued the “Guiding opinions on promoting alternative energy”,
which is proposed to encourage alternative energy companies and wind
power generation enterprises to develop bilateral negotiation or direct
deal of centralized auction. But our electricity market is not yet mature,
the market mode is not perfect, the basic functions of market
optimizing resource allocation, technological progress and the distri-
bution of benefits and micro-equalization are also lacking [59]. This
paper proposed to improve the implementation of wind power market
quota system, which provides a reliable guarantee for wind curtailment
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relieving and wind power industry development. And then progres-
sively transit to a more flexible wind power price regulation.
Meanwhile, it is necessary to determine trans-regional electricity trade
mode, interregional trade price mechanism and trans-regional elec-
tricity trade settlement mechanism to promote marketization and
standardization of wind power market trading mechanism.

5.4. Improving the financial incentives

A reasonable fiscal incentive is the focal point to guarantee the
effective implementation of wind power policy. Fiscal incentives
adopted by the United States, Denmark, Spain, Germany, Britain and
other countries have greatly promoted the development of wind power
industry, which include tax incentives, price subsidies, and investment
subsidies. For example, the amendment of the “Renewable energy act”
passed by Germany in 2016 stipulates that subsidies for Internet access
will no longer provide in 2017. Besides, renewable energy industry has
to develop power generation projects through competitive bids and
obtain revenue from electricity sales [60]. China's wind power financial
incentives include tax incentives and price subsidies, but the high price
subsidies are unsustainable. Therefore, the subsidies of power grid
companies with wind power acceptance should be increased, which will
increase the enthusiasm of grid companies to accept wind power; the
subsidies for wind power enterprises should be gradually declined,
which will encourage enterprises to reduce costs, stabilize scale, and
move towards market-oriented operation. Meanwhile, investment
subsidies for wind power technology R&D, such as the wind turbine
manufacturing research, wind power grid engineering and grid tech-
nology development should be strengthened.

5.5. Improving the level of wind power related technologies

Technology is one support to guarantee the effective implementa-
tion of wind power policy. Germany, Spain and other big wind power
countries have attached great importance to wind power forecasting
ability. In Germany, wind farm and power grid dispatching must be
installed with wind power prediction system. Spanish power law
formulates that wind farms must predict its generating capacity, and
are subject to the penalty of inaccurate forecasts [9]. At present, the
level of wind forecast in China is relatively low and the scope of
application is not yet widespread. It is still far from international
advanced technology in short-term wind power forecast, power gen-
eration forecast and other aspects. Therefore, this paper recommend
supporting relevant companies, research institutions and establishing
special funds to increase the short-term forecasting of wind resources,
short-term forecasts of wind turbine output and other aspects of basic
researches on the macro and micro levels.

5.6. Strengthening relevant technical standards, testing and
certification system construction

Strengthening standards, testing and certification system is another
support to guarantee the effective implementation of wind power
policy. Currently, Germany, Spain, Britain, Denmark and other coun-
tries have established relatively complete wind power technology
standards, testing and certification system. Spain has formulated strict
wind power technology standards and enforced enterprises to carry out
them. New installed wind turbines are required to adopt new technol-
ogies and control systems. Wind farms are required to replace old
equipment for a new control system. By contrast, China's relevant wind
power standards and specifications, testing and certification are
relatively backward. It is recommended to improve wind turbine
manufacturing, quality assurance system, and strengthen the installa-
tion operations, maintenance management and technical standards of
real-time monitoring and troubleshooting [61].

5.7. Improving the supervision, evaluation and punishment system

A perfect supervision, evaluation and punishment system is the
indemnification to guarantee the effective implementation of wind
power policy. Germany, Spain and other countries have published
relevant regulations, evaluation and punishment policies to ensure the
reasonable orderliness of wind power market. For instance, the
German grid company promised, if wind power is limited, power
companies will pay 95% of the cost of business losses in accordance
with the wind power tariff calculation. Spanish wind power business is
expected to pay a fine when there is more than 20% of the differences
between grid electricity and actual power generation capacity.
Currently, China's regulatory system is still not perfect and lack of
evaluation and punishment system. In 2016, “Guidance on the estab-
lishment of renewable energy development and utilization objective
guidance system” proposed to establish monitoring and evaluation
mechanisms of renewable energy development and utilization. Hence,
it is essential to gradually improve the regulatory system of wind power
industry, including quality system regulation of wind power manufac-
turing industry, wind power consumptive regulation and supervision of
the payment of late subsidies, and establish the appropriate evaluation
and punishment system to ensure the implementation of policy. Among
them, the evaluation system is required to reflect differences in various
regions, such as wind resource, grid situation, technology status and so
on.
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