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Abstract 
 

Global warming continues to play a significant role in affecting environment including the economy, the nature, 

agriculture, energy, land and water resources, transportation, and human health. Countries have adopted various 

types of environmental policies to prevent climate problems from continuing to deteriorate by promoting eco-technical 
innovation. Many studies have analyzed and tested the impact of different policies on ecological innovation. By 

reviewing the existing literature, this paper summarized the incentive effects of past research on the ecological 
innovation of command-and-control, market-based and voluntary environmental policies, and pointing out the current 

research trends and the direction that may be needed in the future. 
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I. Introduction 
 

The long-term warming trend continues in 2018, obvious signs of climate change continue to emerge, including rising 

sea levels, ocean warming and acidification, and melting sea ice and glaciers. According to the World Meteorological 

Organization (WMO), the 20 hottest years have been recorded in the past 22 years. The report shows that the global 

average temperature in the ten months of 2018 is nearly 1 °C higher than that capering with the pre-industrial baseline 

(1850-1900). Climate change is affecting the environment, agriculture, energy, land and water resources, 

transportation, and human health and well-being, and therefore it may lead to increased loss of infrastructure and 

property in the United States and hinder its economic growth rate this century. 
 

In order to prevent the climate problem from continuing to deteriorate, countries have adopted various types of 

environmental policies to stimulate ecological technology innovation. In 2002, 81% of R&D investment came from 

OECD countries, while developing countries such as China only had 6%. Developed countries were also the main 

source of eco-technical innovation. By 2015, on one hand the proportion of R&D investment in OECD countries fell to 

65%, and China increased to 21% on the other hand. Developing countries have played an increasingly important role 

in promoting ecological innovation. As can be seen from Figure 1, the number of environmental protection regulations 

issued by the Chinese government has been growing rapidly year by year, reaching its peak in 2010 and has remained 

at a high order of magnitude. At the same time, the number of patent applications for ecological energy such as wind 

energy and solar energy in China also showed explosive growth. This paper summarizes the research on the role of 

different environmental policies in ecological technology innovation in developed and developing countries, pointing 

out the current research trends and the direction in the future. 

Figure 1. Number of environmental protection policies issued by China since 1995 and the number of related 

patent applications 
 

 

        Source：NDRC,CNIPA 
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II. The main contents of China's environmental policy  
 

Environmental policy is the national policy of protecting the environment. It helps to solve the negative externalities 

caused by economic activities, and promotes important methods for enterprises and organizations to develop, apply and 

disseminate environmentally friendly technologies and products. The environmental policy tool refers to the general 

term for the various methods and technologies used by the government to achieve its environmental policy objectives. 

In reality, there are many types of environmental policy tools used by governments to improve the environment and 

pursue eco-economic development. From the perspective of management and control methods, there are several 

categories generally: 
 

1.Command-and-control tools. Command-controlled environmental regulation refers to laws, regulations and policies 

on environmental protection formulated by government departments or environmental protection agencies. There is no 

doubt that mandatory is its main feature. By founding legal standards related to environmental technology, 

environmental performance and ecological outcomes, this method emphasized the government achieves environmental 

goals through imposing legal obligations or prohibitions on market entities. For example, the government would release 

the economic or administrative penalties for polluters who fail to obey or meet environmental requirements.  
 

2.Market-based tools. It refers to the use of market-based means such as price and expense to reduce the level of 

environmental pollution throughout stimulating corporate ecological technology innovation by government. The 

characteristics of this method is marketability mainly. This type of method primarily reduce emissions of 

environmentally hazardous substances by affecting product prices or production costs to achieve environmental goals.  
 

Market-based tools mainly include ecological taxes (environmental discharge fees and environmental taxes), subsidies, 

tradable emission permits, and deposit repayment schemes (environmental damage liability and compensation) etc. 

Such tools directly change the investment and return of market entities by changing the relative price, input cost or 

production cost of products that affect the environment. Such tools often positively influence ecological innovation 

behavior throughout providing some freedom and flexibility to polluters. 
 

3.Voluntary tools. Voluntary conscious environmental regulation refers to the commitment or action of enterprises and 

residents to participate to save resources and protect the environment. The main characteristic of this method is 

voluntary. Voluntary conscious environmental regulation takes corporate environmental awareness as the main form of 

expression, as well as constrained and influenced by economic interests and corporate managers' awareness. A 

cooperative approach is usually used within this method to increase flexibility throughout the self-regulation of 

polluting entities, including negotiating agreements between government and production organizations to achieve 

environmental goals, as well as environmental management system certification, information labeling instructions 

(such as various indications of specific product environments) and etc. Voluntary tools are designed to promote 

environmental friendly behavior, but not mandatory and do not provide financial support. 
 

III. The connotation of ecological technology innovation 
 

The Eco-technical innovation is often called environmental technology innovation, and green technology innovation, 

etc. Kemp and Pearson (2007) defined it as a novel model adopted by a company or organization, so that its production 

process, mining methods, services, and management methods can be compared with the models it replaces. Kemp and 

Pearson（2007）defined that it can better reduce the environmental risks generated by the company or organization 

throughout its lifecycle as well as reduce pollutant emissions and other negative environmental impacts. In addition, 

some domestic and foreign scholars have explained on the concept of eco-technical innovation from different angles 

(Table 2). In summary, the core purpose of eco-technical innovation is to reduce the adverse effects of economic 

activities on the environment. 
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Figure 2. Definition of the ecological technology innovation by scholars and institutions 
 

Scholars Definitions 

Fussler and James(1996) New products, services, and processes which significantly decrease 

environmental impacts 

Rennings(2000) Eco-innovations are measures of relevant elements (such as firms, 

politicians, unions, associations, churches, private households) which 

develop new ideas, behavior, products and processes, apply or 

introduce them, and which contribute to a reduction of environmental 

burdens or to ecologically specified sustainability targets. 

Kemp and Pearson (2007) The production, assimilation or exploitation of a product, production 

process, service or management or business methods that is novel to 

the firm (or organization) and which results, throughout its life cycle, 

in a reduction of environmental risk, pollution and other negative 

impacts of resources use (including energy use) compared to relevant 

alternatives 

NieHongguang (2012) Reduces environmental hazards by using fewer resources, less toxic 

materials; reducing the use of fossil fuels to reduce environmental 

pollution by conducting special processes and methods. 

Yang Yan (2013) It is a common carrier of environmental benefits and economic 

benefits, and thereby relies on environmental policies and social 

progress. 

          Source: Authors 
 

IV.The impact of environmental policies on ecological technology innovation 
 

1. The necessity of environmental regulation 
 

Due to market failures, it is impossible to rely on the market to stimulate and achieve the socially optimal level of 

ecological technology research and development. The environment regulations that release by the government therefore 

appeared to be significant. Environmental policy mainly needs to overcome three types of market failures: initially, the 

externality of environmental pollution. Since there is no pricing for ―pollution‖ itself within the market, companies 

have no incentive to reduce pollutant emissions, therefore they have no invested in eco-technical innovation. 

Environmental policies could enable companies to generate emission reduction pressures by pricing emissions, which 

could help to stimulate eco-technical innovation. 
 

The second is knowledge market failure. The result of innovation embodied in certain knowledge, and the public goods 

nature and spillover effects of knowledge are likely to cause ―free riders‖. Such above phenomenon leads to the 

economic benefits of innovation not fully realized by the innovators, which is also another reason of the lacking of 

incentive to carry out socially optimal research and development activities. Another problem with the failure of 

technology markets is the path-dependent effect of technological innovation. When a company has invested heavily in 

a certain type of technology, the high cost of conversions makes it difficult to switch to another type of technology only 

by the market force (Lehmann and Söderholm, 2018). For eco-technical innovation, the market failure may result in the 

failure of promoting the company's research and development from "pollution" type to "clean" type. An empirical 

research on the US auto industry found that companies with large ―pollution‖ type technology would ―lock‖ to 

―pollution‖ technological innovations if there were not sufficient environmental policy impact (Aghion et al.2016). 

However, this study also conducted that throughout carbon taxes or the R&D subsidy policy, the R&D direction of 

these companies could change to the ―clean‖ technology investment.  
 

The third type of market failure is the failure of financial markets. Generally eco-technical innovations possesses the 

characteristics of large investment, low profitability, and high uncertainty. As a result, the financial market shows 

limited interest in eco-technical innovation. In conclusion, the market failure causes the problem that the market 

mechanism can hardly complete the optimal allocation of ecological technology innovation. It requires the government 

to regulate and coordinate with the forces outside the market by using environmental policies. 
 

2. Metrics for green technology innovation 
 

It is hardly to observe the innovation activities directly. Instead, three types of indicators can be used to measure the 

degree of innovation, which are R&D investments, patent data and questionnaires: 
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2.1 R&D investments 
 

The Previous research has difficulties to excess the micro-level data within the enterprise. Therefore some studies used 

R&D investment as an indicator of innovation to test the impact of environmental policies on innovation activities 

instead. Jaffe and Palmer (1997) used empirical R&D data from industry-based companies finding that the increase in 

emission reduction costs caused by environmental policies will increase the investment in R&D activities, which is 

each 1% increase in emission reduction costs will results in 0.15% of R&D investment increase. However, although 

R&D data can intuitively show the impact of environmental policies on innovation activities, there are two main 

problems. Firstly, R&D data is an input to innovation activities and does not reflect the results and outputs of 

innovation activities. In addition, most R&D data cannot be subdivided into the technology fields that are invested, so it 

is difficult to target innovative activities related to green technologies. 
 

2.2 Patent data 
 

Patents can be seen as outputs of innovation activities and are usually related to R&D investment closely (Popp, 2010) 

and are therefore often used as indicators for measuring technological innovation. Moreover, comparing with R&D 

data the patent data contains detailed information on each innovative invention, which is easier to distinguish the 

technical fields where the innovation activities are located in, as well as more accurately to identify green technology 

innovations. In addition, the patent data provides a series of information on the type of inventor, economic data, region, 

patent citation and transfer, so that research can examine the green technology innovation effect of environmental 

policy from many angles. 
 

There are also some limitations in patent data that may bias the results of the study. One of the limitations is that the 

quality of patents is not easy to measure. Therefore current research usually uses two indicators: one is the number of 

patents cited, the more the number of citations, and the greater the value of patents (Popp, 2002); the other is the 

quantity of the patents families, which indicates the number of countries or regions where a patent applies for patent 

protection. Since patent applications and maintenance often require higher costs, inventors applying for patent 

protection in more regions generally reflect the higher commercial value of the patent (Dechezleprêtre et al., 2011; 

Aghion et al., 2016). The second limitation is the efficiency of patent conversion. It has been found that most of patents 

contribute lower commercial and practical value (Lanjouw et al. 1998). The third limitation is that the patent institution 

between different regions and different technology fields are various, which also brings some difficulties to the 

innovation comparison across regions and technologies. 
 

2.3 Questionnaire 
 

In order to overcome these limitations of patent data, some studies have begun to use corporate surveys to explore the 

specific impact of environmental policies on companies' green technology innovation activities. By using the data from 

the German Society for Innovation Survey (CIS) in 2009 Hornbach et al. (2012) found that different types of 

environmental policies encourage companies to innovate in different directions. Additionally, regulations provisions 

promote marginal effects of innovation in emissions management; however, the innovation subsidies are more effective 

in innovative research that stimulates carbon dioxide emissions reductions. Rogge and Schleich (2018) conducted a 

further questionnaire survey based on the 2009 CIS data and collected a total of 390 companies' 2014 questionnaires. 

Research indicates that innovation activities rely on clear policy signals, and the continuity and reliability of 

environmental policies are essential to promote green technology innovation. It can be seen that the advantages of the 

data based on questionnaire is more focused on green technology innovations related to practical applications, as well 

as provides information that is not available in many patent data. However, the challenges of the high cost of this type 

of survey, difficulties in designing the questionnaires, and the rare accesses to public survey, are all result in the 

difficulties data acquisition in this method. 
 

China's related research uses R&D investment or ecological total factor productivity to measure eco-technical 

innovation (eg Wang Bing et al., 2008; Jiang Fuxin et al., 2013). Both of these variables can hardly provide enough 

micro information to identify the technical areas in which innovation activities located. In contrast, the patent data is 

widely used in foreign researches that can more accurately target specific eco-technical innovations, including 

information on patent technology flows. In recent years, the use of patent data in China has gradually enriched. Qi 

Shaozhou et al. (2018) used the patent data of listed companies to prove the promotion of the sulfur dioxide emissions 

policy to the ecological technology innovation in the pilot areas; Wang Banban et al (2016) found the heterogeneity of 

the eco-technical effects of command-based and market-based environmental policies on different industries by 

conducting the patent data. Dong Zhiqing et al. (2019) studied the impact of environmental policy transfer on the eco-

technical patents of the two places. Although domestic and foreign researches both prefer using the metric of patent 

data, Chinese studies use the number of patent applications as a variable to measure innovation activities with no 
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exceptions, while foreign studies are more likely to use the patent citations or patent families, which are believed 

presented the quality and value of the patent. 
 

3. Metrics of environmental policy intensity 
 

In order to assess the impact of environmental policies on ecological innovation activities, previous studies used a 

variety of indicators and estimation methods to measure the intensity of environmental policies. 
 

3.1 Polling Abatement Control Expenditures  
 

Early studies used Polling Abatement Control Expenditures (PACE) as a proxy variable to prove the positive impacts 

of environmental policy intensity in promoting eco-technical innovation (LanjouwandMody (1996), Jaffe and Palmer 

(1997), And Brunnermeierand Cohen (2003)). PACE indicators are also widely used in relevant research in China.  

For instance, Jing Weimin and Zhang Wei (2014) used the industry's pollution treatment control expenditures rate as an 

indicator of environmental policy intensity, which proves that reasonable environmental regulation can stimulate the 

direction of technological progress and turn to ecology technological innovation. The advantages of the PACE indicator 

reflect the intensity of the policy itself and the implementation of the regulation to some extent regardless of some 

endogenous problems. When enterprises turn to ecological production and ecological technology innovation, their 

pollution control expenditures could be lower. 
 

3.2 Energy price 
 

Some studies use energy prices as a proxy variable for environmental policy. Price change usually consists of two 

factors: affecting by price fluctuations caused by supply and demand on one hand. Some studies found that ecological 

technology innovation activities are very sensitive to the changes in energy prices. Popp (2002) examined that the 

fluctuations of energy prices can significantly affect innovation in energy-saving technologies within five years. In 

addition, Dechezleprêtre et al. (2011) found that the impact of international oil prices on low-carbon patent innovations 

is almost undelayed. On the other hand, energy price differences are caused by energy tax rates in different countries or 

regions. Energy price also partly reflected the intensity of environmental policy in most international research (Aghion 

et al., 2016) 
 

3.3 The impact of a single policy 
 

An increasing number of research evaluates the ecological innovation effects of individual environmental policies by 

using quasi-natural experiment methods. Most of the evaluations of individual policies are likely to use quasi-natural 

experiments to better identify the causal relationship between environmental policies and ecological technology 

innovation. For example, the European Emissions Trading System (EU-ETS) (Schmidt et al., 2012), China's Air 

Pollution Prevention and Control Act (Li Shu, Chen Gang, 2013), and ―Two Control Zones‖ (Jefferson et al., 2013) ), 

policy sulfur dioxide trading system (Tu Zhengge, Chen Renjun, 2015), clean production system (Han Chao, Hu 

Haoran, 2015) and so on. 
 

4. The effect of environmental policy on ecological technology innovation 
 

Hicks (1932) firstly proposed the theory of incentive effects of environmental policy on ecological innovation 

indicating that Induced Technical Change (ITC) believes that R&D is a profit-driven investment behavior and therefore 

affected by the price of related factors. Environmental policy influences factor prices by ―pricing‖ corporate emissions 

behaviors, thereby promoting eco-technical innovation (Newell et al., 1999) Choosing the right environmental policy is 

an important issue for policy makers, and yet existing research has not found an effective environmental policy tool. 

The methods of an order-based tool, a market-based tool or a voluntary tool, all possess advantages and limitations in 

inspiring ecological technology innovation. 
 

4.1Command-and-control tools 
 

By setting clear emission reduction targets for companies the command tools take a significant impact on stimulating 

eco-technical innovation. Wang Banban and Qi Shaozhou (2016) took the energy intensity target of the ―Eleventh Five-

Year Plan‖ in 2006 as an order-oriented environmental policy, and found that compared with market-based tools, 

command-based tools are more innovative in energy-saving and emission-reducing technologies, and therefore have a 

stronger degree of innovation invention patent effects. Jefferson et al. (2012) found that stricter environmental 

regulations could help increase firm productivity in a research on acid rain and sulfur dioxide control zones.  
 

However, some studies pointed out the limitations of some command-based tools. Firstly, the policy costs are 

comparatively high. Command-type tools do not take into account differences in technical capabilities and abatement 

costs between firms. Pereira and Vence (2015) believe that this ―one size fits all‖ approach will create greater potential 

costs and is not conducive to the development of new technologies.  
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Moreover, when the institutional standards of command-based tools are too high to be realized, the problems of 

economic rent-seeking and corruption will arise (Popp et al. 2012). Besides, the sustainability of policy effects is 

difficult to guarantee. Dekker et al. (2012) studied the impact of the Helsinki and Oslo agreements on the eco-technical 

innovations of signatory countries, which require signatories to significantly reduce sulfur dioxide (SO2) emissions. By 

using DID research method this study found that the promotion effect of the agreement on the eco-technical innovation 

among the signatory countries only appeared in the signing year and a short period before the signing. The article 

points out that the command-based tools could help companies innovate behaviors to meet policy requirements, but 

difficult to motivate continuous innovation. 
 

4.2 Market-based tools 
 

Command-type policies released a certain punitive effect on highly polluting enterprises, but no rewards for companies 

with lower than the pollution discharge standards. Therefore, market-based tools are comparatively more useful to 

promote sustained eco-technical innovations (Magat 1978, Milliman and Prince 1989, Fischer et al. 2003). However, 

some recent studies have shown that this approach by pricing environmental externalities alone may not be sufficient to 

motivate companies to make eco-technical innovations. The study of European Carbon Emissions Trading System 

(EU-ETS) compared companies inside and outside the EU-ETS using matching method and multiple difference 

method, found that although there was a significant increase in low-carbon technology patents after the second phase of 

EU-ETS, the EU carbon trading system plays a very limited role in low-carbon technology innovation by (Calel and 

Dechezleprêtre 2016). The results of Schmidt et al. (2012) presented a more negative research. This research is based 

on an evolutionary theoretical framework and author questionnaires. It found that in the first two stages of EUETS, the 

policy induced errors in technological innovation, leading to innovations tending to high-emission technologies. They 

believe that the EU carbon trading system should set a more stringent aggregate target. 
 

4.3 Voluntary tools 
 

Voluntary tools are based on mutual trust between the company and the government, which reduced the cost of direct 

government supervision, as well as enable enterprises greater flexibility and freedom to make decisions. Companies 

can adopt technology and R&D investment that is more suitable for their own situation so that to generate strong 

technical innovation incentives for enterprises. Carrión-Flores et al. (2013) studied the impact of the US Environmental 

Protection Agency's 33/50 program on corporate eco-innovation activities. The 33/50 program encourages large 

companies with high emissions to voluntary reduce emissions of 17 harmful pollutants. Based on the 1988 emissions, it 

reduced its pollutant emissions by 33% in 1992 and increased its emission reductions to 50% in 1995. In the view of 

short time, the number of eco-technical patents increased after the company voluntarily participated in the plan, but the 

number of patent applications will significantly decreased in five to nine years after the end of the 33/50 plan. In the 

long run, the number of applications for eco-tech patents for companies participating in the emission reduction plan is 

not as good as those not participating in the plan. 
 

V. Conclusion 
 

This paper summarizes the studies of impacts of different environmental policies on ecological technology innovation 

in developed and developing countries. For developed countries, a variety number of data makes its research content 

more extensive. However, research also shows that environmental policy does not necessarily promote ecological 

innovation, and more research on how to select and design environmental policies is needed in the future. For 

developing countries, taking China as an example, studies are more likely to uses panel data of industries or regions in 

examining the eco-technical innovation effects of environmental policies, but lack of micro-data based on the main 

body of innovation activities of enterprises. Rare research uses enterprise patent data as an innovation indicator and 

indicator is refer to the quantity of patents mainly. Although this index can reflect the output of R&D activities to some 

extent, it is difficult to reflect the quality of innovation. Therefore, more attention needs to be paid to the impacts on the 

quality of innovation.  
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