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Abstract:



The development of China’s coal power industry is accompanied by various environmental risks. In this paper, typical coal power enterprises are taken as examples to establish a tool for environmental cost internalization and environmental risk analysis under the risk constraints of energy efficiency standards, environmental protection tax, national carbon market, water resources tax, overcapacity and renewable energy substitution. The study considered the impact on the value of coal power companies under different stress scenarios and constructed a stress testing framework for environmental risks that affect financial costs. The results show that the impacts of overcapacity and carbon market on enterprise value for individual risks are the main risk drivers that most regions face in different scenarios. In the comprehensive risk stress test, the enterprise value of the 1000 MW ultra-supercritical units in each region was found to have a small difference from the corporate value of the reasonable return in the optimistic and pessimistic scenarios, while the 300 MW and 600 MW sub critical units were more likely to deviate from the reasonable return due to low energy efficiency and high operating costs. With continuous increase in the severity of environmental risks, the environmental stress test helps coal power companies and financial institutions understand the impact of environmental risks on the financial status of the company and thus influence investment decisions.






Keywords:


stress test; DCF model; capital asset pricing model; weighted average cost of capital












1. Introduction


Extreme weather and global warming is becoming more obvious. They seriously affect people’s lives, property security, and sustainable development of the economy and society, and have posed serious challenges to the survival and development of several countries. Human activity is the main cause of global warming. The international community is taking positive actions to scientifically deal with climate change. On December 2015, nearly 200 nations adopted and signed the Paris Agreement, aiming to strengthen global response to the threat of climate change by keeping a global temperature rise well below 2 °C above pre-industrial levels by the end of this century and to pursue efforts to limit temperature increase even further to 1.5 °C [1]. To achieve sustainable development, China must actively respond to a series of major resource and environmental issues such as resource shortages, environmental degradation, marine development, and climate change. As a market-oriented institutional arrangement, green finance plays a very important role in promoting the construction of ecological civilization, low carbon development, and environmental protection. China’s green finance has a short history, and existing problems are prominent. Due to the lack of information and incomplete assessment methods, many financial institutions are afraid to enter the green industry, because they are concerned about the uncontrollable green financial risks. In order to form a good green financial development environment, it is necessary to establish public environmental data platforms and environmental stress-testing systems; those that can break the green investment and financing bottleneck caused by information asymmetry. The focus of China’s green financial development is on how to quantify environmental risk. Environmental stress testing is an environmental risk analysis tool that identifies risk and quantifies risk factors. It helps financial institutions to understand the impact of climate and environment policy changes on the financial situation of an enterprise, and guide them to reduce investments with enterprises that have high environmental risks [2].



Since the 1990s, stress testing has been widely used by international banks and financial institutions to estimate economic losses under abnormal market conditions. Fender et al. [3] believed that stress tests can help financial institutions assess liquidity needs under extreme market conditions and prepare for liquidity risk management under stressful conditions. Alexander and others [4] applied a risk model to a stress test, covering risk clusters and thick tail phenomena in the financial market. Blashke [5] and Goldstein [6] used a stress testing tool to study the stability of the financial system. Peura and Jokivuolle [7] introduced a simulated method of stress tests that contain periodic factors, which can simultaneously simulate real bank capital and minimum capital requirements to determine the capital adequacy of the bank. In June 2017, 34 major banks in the United States, including Bank of America, Citibank, and Wells Fargo, passed stress tests and all the capital’s pressure-resisting capabilities were met in the hypothetical extremely-unfavorable economic environment.



In recent years, China has also conducted the exploration and practice of stress testing. The authors of [8] have summarized and analyzed the advantages and disadvantages of stress testing, discussing the practical details of stress testing and how to effectively implement the stress test in developing countries with a lack of data. The author of [9] conducted deeply analysis of the construction and common methods for macro stress testing, and compared a typical stress testing system. In 2015, ICBC [10] first studied the impact of the internalization of corporate environmental costs on the risk of commercial banks, and conducted stress tests on two key polluting industries, including thermal power and cement. In March 2017, ICBC further cooperated with Trucost Corporation to quantify the environmental risks in the aluminum industry and analyze the impact of internalization of environmental costs on project finance under different scenarios [11]. In April 2017, the International Institute of Green Finance released the environmental stress test method of the fund and insurance asset management industry. On the basis of environmental risk and climate risk factors; conduct scenario analysis and sensitivity analysis on stocks, bonds, equity investments and real estate held by the asset management industry was studied and found to affect investment returns [12]. In September 2017, Trucost used the coal chemical industry as an example to assess China’s potential environmental risks and its impact on financial markets, helping market participants to weigh environmental risks and use them for financial analysis [13]. At present, the financial industry environmental stress test mainly focuses on the analysis of the banking industry and credit risk; the environmental risk stress test for coal power companies is still blank. The author of [14] applied the method of choice experiments (CE) and the 411 questionnaires with 2466 data points, and found that the environmental cost of coal power plants in China is 0.30 yuan per kWh. The author of [15] found that the increasing share of renewable energies decreased full load operating hours, especially of coal fired and gas power plants, and coal fired power plants are faced with new economic challenges.



After China’s economic development entered a new normal, macroeconomic growth slowed markedly, and the growth rate of power consumption dropped. As a result, the nation’s electricity supply capacity was generally affluent. Ref. [16] applied the co-integration theory to find the relationship between real Gross Domestic Product (GDP) and electricity consumption for China. The author of [17] found that energy consumption will peak at 5200–5400 million tons coal equivalent (Mtce) in 2035–2040. Since the approval authority for coal power projects was decentralized from the central government to the provincial government in November 2014, coal power investment has fallen into a frenzy and existing coal power plants have far exceeded domestic power demand. In response, the Chinese government issued a number of restrictions from 2015 to 2017 to urge local governments and enterprises to slow down the construction of coal power plants [18,19]. Since 2016, a total of 444 GW of coal-fired power plant projects in various stages of construction have been suspended [20]. The author of [21] quantified the rational capacity and potential investment of coal power in China during the 13th FYP period (2016–2020) and found that if all the coal power projects submitted for Environmental Impact Assessment (EIA) approval were put into operation in 2020, capacity excess would reach 200 GW. Under such a big background, environmental governance has been repeatedly emphasized by the central government. The 19th Party Congress report clearly put forward “accelerating the structural reform of ecological civilization and building a beautiful China”. The development of the coal power industry is accompanied by various environmental risks. The author of [22] and the author of [23] have conducted related research on the risks faced by coal power companies. This article uses the newly built coal-fired units in 2017 as an example to set pressure scenarios for risk factors. The DCF method is used to build a stress test model that takes into account the impact on business costs and revenue under different stress scenarios. Ultimately, the impact of price changes caused by environmental risks on the value of the company is found. The innovation in this paper is based on a series of risk factor changes to set pressure scenarios and exploration of the pressure transmission path of environmental risk to the value of coal power companies.




2. Research Methods and Data Description


2.1. Stress Testing Model


This paper uses the financial system stress test theory and analysis framework, combines the characteristics of the coal-fired power industry, assesses the ability of coal power companies to withstand changes in the external environment, and quantifies potential risks. The pressure object of environmental risk refers to the subject under test, which is the focus of the stress test, i.e., coal and electricity enterprises. The pressure index refers to the performance of the pressure object in a certain respect, i.e., the enterprise value. The coal power environmental stress test flow chart is shown in Figure 1. The conduction model of environmental stress testing is the core of stress testing. Figure 2 comprehensively considers the impact of various environmental risk factors on the main business income and main business expenses of coal power companies, and quantitatively analyzes the impact of environmental risks on the value of coal power companies.


Figure 1. Flow chart of environmental stress test.
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Figure 2. Pressure transfer map of coal power companies.
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This paper screens out six risk factors that directly affect coal and electricity companies’ financial impact. For a typical unit, the scenario analysis focuses on the combined effects of a single factor (or multiple stress factors) on the subject’s pressure variables to assess the event’s ability to face uncertainties that can occur. After determining the method for quantifying risk factors, two scenarios were designed for future changes in risk factors, namely optimistic and pessimistic scenarios, as shown in Table 1.


Table 1. Stress test scenario settings.





	Risk Factors
	Optimistic Scenario
	Pessimistic Scenario





	Energy efficiency level [24]
	Slightly improves inlet parameters
	Greatly improves inlet parameters



	Environmental protection tax (SO2, NOX)
	Raise 3 yuan/pollution equivalent on the basis of provincial air pollutant tax
	Upper limit of air pollution tax (12 yuan/equivalent)



	National carbon market
	The price of carbon was 30 yuan/ton, and gradually increased to around 200 yuan per ton in 2030. Free allocation of quotas, 2025 paid distribution, the proportion of 20%
	The price of carbon was 30 yuan/ton, and gradually increased to around 300 yuan per ton in 2030. Free allocation of quotas, 2025 starting distribution



	Water resources tax
	According to the pilot project in Hebei, suppose the national water resources tax is implemented (0.005 yuan/kWh.
	Appropriately raise the water resources tax ($0.03/kWh) in an optimistic situation.



	Overcapacity
	Reasonable coal electricity utilization hours
	Actual coal electricity utilization hours



	Non-water renewable energy planning goals
	Actual coal electricity utilization hours
	Considering the impact of non-water renewable energy consumption targets by 2020 on the basis of actual utilization hours










2.2. Discounted Cash Flow Model


The value of an enterprise refers to the valuation of future profitability, and related rights and interests of a company at a specified time in terms of currency. Refs. [25,26] defined the company’s value from the perspective of cash flow. They believe that cash flow created by the company and its return on investment determines the value of the company, that is, the current value of the company’s expected cash flow. The authors of [27,28] conducted relevant research on the discounted cash flow model, which has certain reference value for standardizing enterprise value evaluation methods. In theory, the methods for assessing alternative corporate values include cost addition method, present value of income method, and market method. This paper applies the weighted cost method of the free cash flow discount method to evaluate the value of coal power companies. The company’s future annual free cash was calculated using the weighted average cost of capital (WACC) as the discount rate. The discounted present value is the value of the company (Figure 3 shows the process of enterprise value estimation).
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(1)
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(2)




where [image: ] is the cost of equity capital of the enterprise, [image: ] is the ratio of the capital cost of the enterprise’s equity capital under the market value, [image: ] is the debt capital cost of the company, [image: ] is the ratio of corporate debt capital costs in the capital structure in the market value, and T is corporate income tax.


Figure 3. The process of estimating corporate value.
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The author of [29] used the capital asset pricing model (CAPM) to find that weighted average capital cost is very important for enterprise investment. In this paper, the CAPM model is used to determine the cost of equity capital ([image: ]). The capital asset pricing model reflects the higher returns required by the investor to increase the risk through the equity risk premium adjusted by the β coefficient. However, the β coefficient only theoretically measures the system risk of a particular company, but does not reflect the non-systematic risk. Therefore, a revised Capital Asset Pricing Model (MCAPM) is needed to reflect non-systematic risks in order to increase the accuracy of the expected rate of return. The revised capital asset pricing model formula is as follows:


[image: ]



(3)




where [image: ] is the corrected equity capital expected return, [image: ] is the risk-free return, [image: ] is the market expected return, β is the extent to which the yield of securities reacts to changes in market returns and SCRP is a specific corporate risk premium.
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(4)




where V is the value of the enterprise, n is the life of the asset, FCFF is the cash flow of the enterprise during the t period, r is the discount rate.




2.3. Data Sources and Indicators Selection


The parameters involved in the free cash flow forecasting model are shown in Table 2. Other data refers to the public data of the National Energy Administration, China Electric Power Enterprise Association, Polaris Power Network, etc. Where the project data was incomplete, it was supplemented by a coefficient adjustment method.


Table 2. Key common parameters for the stress testing model.





	Common Parameters
	Value
	Common Parameters
	Value





	Proprietary Funds Ratio (%)
	30
	Vat (%)
	17



	Term of Loan (Year)
	15
	Income Tax (%)
	25



	Annual Interest Rate (%)
	6
	Housing Property Tax (%)
	1.2



	Operation Life (Year)
	30
	Urban Maintenance and Construction Tax (%)
	5



	Ratio of Residual Value of Asset (%)
	5
	Education Surcharge (%)
	0.5



	Depreciation Rate (%)
	5
	VAT for Water and Fuel (%)
	13



	Reduction Rate of Coal Consumption in Generation (%)
	0.10
	VAT for Materials (%)
	17



	Water Consumption Rate in Generation (kg/kWh)
	1.6
	Overhaul Fee Rate (%)
	2



	Pollution Control Costs (yuan/kWh)
	0.006
	Premium Rate (%)
	0.25



	Escalation Rate of Employees’ Salary (%)
	6
	Materials Costs and Other Expenses (yuan/kWh)
	0.02



	Welfare labor coefficient
	60%
	Escalation Rate of Materials Costs and Other Expenses (%)
	2











3. Empirical Results


3.1. Reasonable Return of Enterprise Value


Through the free cash flow discount model, the reasonable return of enterprise value of different types of coal enterprises in different regions can be calculated. The enterprise value of each area is different because of the different costs of unit capacity projects. Among them, 300 MW, 600 MW and 1000 MW coal-generating units are expected to have the highest value in the Northeast Power Grid, North China Power Grid, and Northwest Power Grid. The details are in the following Table 3.


Table 3. Reasonable Return of Corporate Value (Unit: Yuan).





	
Region

	
Province

	
300 MW

	
600 MW

	
1000 MW






	
North China Power Grid

	
Hebei

	
2,977,768,484

	
5,080,932,043

	
7,278,743,505




	
Inner Mongolia




	
Shandong




	
Shanxi




	
Tianjin




	
Northeast Power Grid

	
Heilongjiang

	
3,024,162,110

	
4,929,560,909

	
7,208,636,172




	
Jilin




	
Liaoning




	
Northwest Power Grid

	
Gansu

	
2,844,098,155

	
4,767,211,427

	
7,347,820,102




	
Ningxia




	
Qinghai




	
Shaanxi




	
Xinjiang




	
East China Power Grid

	
Anhui

	
2,811,042,600

	
4,700,843,256

	
7,144,251,168




	
Fujian




	
Jiangsu




	
Shanghai




	
Zhejiang




	
Central China Power Grid

	
Chongqing

	
2,837,242,382

	
4,721,853,189

	
6,584,387,717




	
Henan




	
Hubei




	
Hunan




	
Jiangxi




	
Sichuan




	
China Southern Power Grid

	
Guangdong

	
3,006,060,443

	
4,986,860,726

	
7,279,010,069




	
Guangxi




	
Guizhou




	
Hainan




	
Yunnan










Figure 4, Figure 5 and Figure 6 show the deviation of the company’s value from the establishment of 300 MW subcritical, 600 MW subcritical and 1000 MW ultra-supercritical real enterprise value in 2017 and reasonable return in each region ((reasonable return − actual return)/reasonable return; a negative value represents an actual return higher than reasonable return expected). The figure shows that the actual corporate value of only 1000 MW ultra-supercritical units in Xinjiang, Guangdong, Anhui, Hainan, Inner Mongolia, Hebei, Jiangsu and Shanghai exceeds the corporate value of reasonable return. The deviation of actual corporate value and reasonable return enterprise value from the 300 MW and 600 MW units in these areas is also relatively small. The reason for this is that the economic development in these areas has brought about a higher demand for electricity, and the enterprise has certain profitability.


Figure 4. Deviation of actual and reasonable corporate value from 300 MW coal power enterprises in each region.
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Figure 5. Deviation of actual and reasonable corporate value from 600 MW coal power enterprises in each region.
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Figure 6. Deviation of actual and reasonable corporate value from 1000 MW coal power enterprises in each region.
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3.2. Environmental Stress Test Results


The development of the coal power industry faces several changes. Under excess power generation capacity and high coal prices, the coal power industry suffers losses, and many coal thermal power plants struggle with capital chain breaks. With improving energy efficiency standards, environmental protection taxes, national carbon markets, water resources taxes, overcapacity, and non-water renewable energy planning goals, the value of coal-fired power companies will inevitably change. This paper selected typical new coal power companies from each region in 2017 as the representative for the analysis. Firstly, based on the actual corporate value in 2017 as a baseline scenario, optimistic and pessimistic scenarios were set for individual environmental risks. The performance of enterprises under the pressure of sudden changes in these key variables was tested. Individual provinces are not shown in the figure due to large differences in data. Comprehensive risk stress tests are then conducted on the coal power company to reflect deviation from the reasonable return of the company’s value.



3.2.1. Single Risk Stress Test Results


In 2014, the Coal Energy Saving and Emission Reduction Upgrade and Reform Action Plan proposed that the average coal power consumption of coal power generation units after transformation be less than 310 g/kWh. By 2020, the average coal consumption for power supply of 600 MW and above (excluding air-cooled units) after transformation should be lower than 300 g/kWh [30]. The energy efficiency level of subcritical units is generally lower than the average energy efficiency level of national thermal power units. Figure 7 and Figure 8 show that after the energy-saving upgrading of 300 MW coal power generation units in each region, the cost reduction, due to a small increase in steam-input parameters input, is low. The optimistic scenario is higher than the value of the pessimistic one. The 600 MW coal power companies in different regions have different performances under optimistic and pessimistic scenarios. Coal power companies in Anhui, Guangdong, Hebei, Jiangsu, Shandong, Jiangxi, Zhejiang, Hainan and Qinghai have higher values than optimistic scenarios. That indicates that the reduction in coal consumption and reduction of fuel costs and pollutant discharge costs can largely offset the cost-reduction investment. In general, the improvement of energy efficiency is beneficial to the corporate value of high-efficiency coal power plants.


Figure 7. The impact of improving energy efficiency standards on the value of 300 MW coalpower enterprises.



[image: Sustainability 10 02151 g007]





Figure 8. The impact of improving energy efficiency standards on the value of 600 MW coal power enterprises.
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With the acceleration of industrialization and urbanization, and the continuous upgrading of consumption structures, China’s energy demand has increased rigidly. Resource and environmental issues are still one of the bottlenecks restricting China’s economic and social development. The situation of energy saving and emission reduction is still severe and the task is arduous. The Environmental Protection Tax Law of the People’s Republic of China has been formally implemented since 1 January 2018 [31]. Air pollutant tax is 1.2 yuan to 12 yuan per pollution equivalent. Considering the large differences in local conditions, the original pollutant discharge fees of various provinces are subject to different standards, ranging from high to low. Many provinces have “translated” the original emission standards to the environmental protection tax, and some provinces have raised the standard [32]. On implementation of the environmental protection tax, the increase in tax burden on air pollutants such as SO2 and NOX will increase the operating costs of coal power plants. Figure 9 shows that the value of the 600 MW coal power plant decreased with increase of environmental protection tax standards. Under the pessimistic scenario, the environmental protection tax is assumed to be the upper limit of 12 yuan/pollution equivalent. The value of the enterprise is currently the lowest. With the requirement of environmental protection and sustainable development, the emission of major pollutants such as SO2 and NOX will be effectively controlled. In Beijing, where environmental issues are more prominent, the applicable tax amount in the region was determined according to the upper limit of the tax amount. The upward adjustment of the tax amount in each region is an inevitable trend. Therefore, coal power unit needs to adhere to high-efficiency dust removal, flue gas desulphurization and denitrification equipment, and improve environmental bearing capacity.


Figure 9. The impact of the increase of air pollutant emission tax on the value of 600 MW coal power enterprises.
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With regard to the general trend of global low-carbon transition, China has clearly set emission reduction targets and has promised to reduce the country’s carbon intensity by 40–45% (as compared to 2005 levels) before 2020. Carbon dioxide emissions peak around 2030 and strive to peak as soon as possible [33]. China proposed to steadily undertake the construction of the carbon market in three phases. This indicates that the carbon emissions trading system has completed an official launch of its overall design. The power generation industry was the breakthrough in the launch of the nationwide carbon emissions trading system [34]. A preliminary analysis of this market covers approximately 1700 power generation companies, which emit approximately 3.5 billion tons of carbon dioxide annually, accounting for about one-third of the country’s carbon emissions [35]. This study assumes that the baseline method [36] is used to allocate allowances to coal-fired power companies. Different types of units have corresponding quota allocation values. Emissions per unit of product are above the baseline, indicating that the greater the carbon emission intensity of the company, the more the number of quotas used for compliance purchases will be. Conversely, corporate carbon emission intensity is below the benchmark, and companies can sell their remaining quotas. Figure 10 and Figure 11 show that after the implementation of the national carbon market for 300 MW and 600 MW subcritical units, the reduction in corporate value with increase in the carbon price and the proportion of paid distribution is significant. The 300 MW subcritical units have a greater impact. This is mainly due to the fact that the company’s energy-saving and emission reduction technologies have produced more carbon emissions. The 300 MW and 600 MW units in Guangdong, Xinjiang, Zhejiang, Hainan and Shanghai still have positive values under pessimistic scenarios, while other provinces have negative corporate values. From a long-term perspective, backward coal power plants with significantly higher carbon intensity than the benchmarks will be under greater pressure, and they are encouraged to achieve emission reduction targets by increasing production efficiency.


Figure 10. Impact of the national carbon market on the value of 300 MW coal power enterprises.
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Figure 11. Impact of the national carbon market on the value of 600 MW coal power enterprises.
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According to the national baseline water pressure map and forecasts of the distribution of coal power plants in China in 2020, most of China’s regions will face severe water shortage. Coal resources are scarcer in regions where water resources are scarce [37]. Figure 12 shows that the 600 MW coal power companies in each region increased the water resource tax to 0.005 yuan/kWh and 0.03 yuan/kWh, respectively, under the two scenarios. The increase in water charges reduces the value of coal and electricity enterprises, and the difference between the actual value and the actual value of enterprises is up to 0.47%. In the future, with the increase in water resources tax, the value of coal and electricity enterprises will be further reduced.


Figure 12. The effect of the increase of water resources tax on the value of 600 MW coal power enterprises.
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By 2017, the construction of coal power projects in the world had significantly reduced for two consecutive years, and China has scaled down to the largest scale. The main reason is that China strictly limits new coal power projects [38]. In 2017, the supply and demand of electric power in China was relaxed. The average utilization hours of thermal power equipment were 4209 h, a 23 h increase in the same year [39]. However, the current average utilization hours of thermal power are still far below the normal conditions of 5000 h, and the thermal power industry is still in excess. Based on actual electricity demand, the power and electricity balance model [40] is used to calculate the space of coal and electricity, and calculate reasonable utilization hours and actual utilization hours of coal and electricity in each area in 2020. In the stress test model, we compare the impact of overcapacity on enterprise value in two scenarios. Figure 13 shows that there is a serious overcapacity problem in China’s current coal and electricity industry. The utilization hours of coal and electricity in most provinces have not reached a reasonable level. Among them, Guangdong, Jilin, Shanxi, Zhejiang, Gansu, and other places have great differences in their optimistic values and pessimistic scenarios, and their excess production capacity is relatively serious.


Figure 13. Effect of overcapacity on the value of 600 MW coal power enterprises.
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In order to achieve the 2020 and 2030 national strategic objectives of non-fossil fuels accounting for 15% and 20% of primary energy consumption, respectively, the “Guiding opinions on establishing guiding system for the development and utilization of renewable energy resources” made it clear that the generation of non-hydroelectric renewable energy of each power generation enterprise in 2020 should reach more than 9% of the total power generation, and set the proportion of non-hydro renewable energy in the total electricity consumption of all regions [41]. According to a comparison of the proportion of non-water renewable energy and power consumption in 2020, the 12 provinces show a gap in energy consumption of non-water renewable energy. According to Figure 14, the completion of non-water renewable energy targets can reduce the asset value of coal power enterprises in these provinces. The difference of two scenarios is about 1.09–38.4%, and Guizhou has the greatest impact. As the proportion of renewable energy continues to grow, it will inevitably occupy the traditional coal and electricity market. Coal power plants will be squeezed and damaged by economic benefits.


Figure 14. The effect of renewable energy consumption on the value of 600 MW coal power enterprises.
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3.2.2. Comprehensive Risk Stress Test Results


The following is a comprehensive analysis of the environmental risks of newly-built 300 MW subcritical, 600 MW subcritical and 1000 MW ultra-supercritical units in various regions in 2017 (Figure 15, Figure 16 and Figure 17). It can be seen that the 1000 MW ultra-supercritical unit under the optimistic scenario and the pessimistic scenario has the smallest difference between the enterprise value and the reasonable return of corporate value. The 300 MW and 600 MW subcritical units have a serious deviation from the reasonable return due to low energy efficiency levels. From the perspective of the provinces, there is a big difference between the value of the enterprise under the two scenarios and the reasonable return of corporate value of different types of units in Gansu, Ningxia, Qinghai, Sichuan, Guizhou and Yunnan. This shows that with the deterioration of various types of environmental risks, enterprises in these areas are facing greater business pressure. In Jilin, Shanxi, Inner Mongolia, Heilongjiang and Guangdong, there is a great difference between the optimistic situation and the pessimistic situation. The main reasons are overcapacity and the pressure of the carbon market.


Figure 15. Corporate value of 300 MW coal power unit under optimistic scenarios and pessimistic scenarios in each province
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Figure 16. Corporate value of 600 MW coal power unit under optimistic scenarios and pessimistic scenarios in each province.



[image: Sustainability 10 02151 g016]





Figure 17. Corporate value of 1000 MW coal power unit under optimistic scenarios and pessimistic scenarios in each province.
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Since 2017, under the impact of multiple factors (such as continuous decline in the number of coal power utilization hours, gradual decline in coal power prices, collection of environmental tax and water resources tax, increase in the proportion of renewable energy and start of the national carbon market), the profitability of the coal and electricity enterprises has been low. In the long run, traditional coal power companies must adapt to the situation, and focus on the development of cleanliness, high efficiency, low carbonization, and environmental protection.






4. Conclusions and Policy Implications


4.1. Conclusions


This study establishes the research framework of the environmental stress test of coal power companies. Through the free cash flow discount model, we discuss various environmental risks faced by coal power companies and analyze the impact of specific risks on the value of coal power companies. The empirical results as follows:



In 2017, the basic risks of coal power enterprises were large without considering risk pressure factors; the actual value and value of reasonable return were seriously deviated. Only the actual corporate value of the 1000 MW ultra-supercritical units in Xinjiang, Guangdong, Anhui, Hainan, Inner Mongolia, Hebei, Jiangsu, and Shanghai exceeded reasonable return. The deviations between the actual value and the value of reasonable return of 300 MW and 600 MW units in these regions are also relatively small. The main reason for this is that economic development in these areas has brought about a high demand for electricity, and enterprises have certain profitability.



For a single risk stress test, the impact of overcapacity and carbon market risk on a firm’s value is the main risk driver that most regions face in different scenarios. Overcapacity in Jilin, Shanxi, Inner Mongolia, Heilongjiang and Guangdong is more serious, and the impact of the carbon market in the future will be enhanced. The improvement of energy efficiency levels is beneficial to the enterprise value of high-efficiency coal power plants. The risk of water resources tax and environmental protection tax will further reduce the value of coal power companies with increase of tax amounts. The provinces that have a non-water renewable energy consumption gap accomplish their goals, while also reducing the value of the assets of coal power companies.



For the comprehensive risk stress test, the enterprise value of the optimistic and pessimistic scenarios of 1000 MW ultra-supercritical units in each region has the smallest difference from the enterprise value of reasonable return. The 300 MW and 600 MW subcritical unit companies have a more serious deviation from the reasonable return value. In the two scenarios of the northwestern region, the value of the company’s return from a reasonable return differs greatly. With increase in the degree of environmental risk, the business will further deteriorate.




4.2. Implications


From the above research, environmental risk assessment and stress testing can help coal-fired power companies and financial institutions to understand the impact of environmental risks on the financial status of an enterprise and thus influence investment decisions. Based on these findings, this paper provides a number of recommendations for financial institutions, governments, investors, and power companies. Financial institutions are the core of the economy and play the role of financial intermediary. When making financial and investment decisions, financial institutions should require customers to provide environment-related information. They should put stress testing as a major component of financial business risk assessment. It can identify environmental factors that could lead to financial risks, and turn environmental factors into quantity and quality information. Environmental risks can then be incorporated into risk management and asset allocation decision systems. This study carries out environmental risk assessment at the level of coal power plants. It is recommended that financial institutions conduct environmental stress tests on coal power companies, groups, and asset portfolios based on this, and evaluate their environmental risks and their management capabilities, and consider them as major considerations in providing financial products and services. As financial institutions fully consider environmental factors, financial institutions and services will invest more in green fields and enterprises. It will be more difficult for enterprises with poor environmental performance to obtain financing. Currently environmental stress testing methods and tools are not mature. Most of them are sensitivity analysis and scenario analysis. The research of different institutions lacks comparability in scenario assumptions and statements. In the future, it is necessary to strengthen the cooperation between financial institutions and corporate stakeholders, and share methods, tools, and data for environmental risk analysis.



The report of the Nineteenth Party Congress marked the ‘beautiful ecology’ into the important goal of the building of a powerful modern socialist country. It clearly stated that we must develop green finance and promote green development. The government should speed up the construction of a green financial security system, and start the green financial reform as soon as possible. It is advised that the key tasks of the green financial reform during the 13th Five-Year Plan period be clarified. It is also advised that the priority breakthroughs in key areas should be promoted, including the construction of green banks, development of green bonds, and establishment of green funds. At the same time, the government should strengthen macro-control and include environmental cost information disclosure in corresponding laws and regulations. Relevant policies should be formulated to encourage companies to disclose specific environmental information. The key information such as major pollution emission indicators must be disclosed on a regular basis, so that companies, especially listed companies, can disclose their environmental information. With increasing pressure on environmental risks, the government should encourage companies to conduct stress tests on environmental risks on a regular basis, develop compliance inspection and audit procedures, and consider penalties for companies with poor environmental performance. This will motivate the company to strengthen its own reforms, raise the level of risk management, and effectively assume responsibility for risk management.



Investors in financial markets can use this stress testing framework to establish an appropriate risk assessment model. It can consider the types of environmental risks and levels of risks of various financial investment products, and conduct comprehensive assessments of physical risks, transition risks, and policy risks. According to the financial investment risk assessment results, the risk and benefits arising from the financial investment process are rationally allocated. For different financial investments, it is necessary to carry out classified control, and make investment portfolios that are conducive to their own development and that can minimize the risk of financial investment. Investors need to firmly establish risk awareness, clarify their responsibilities and obligations, and continue to track and study the evolution of potential portfolio investment risks, and effectively avoid investment risks.



The most important environmental risk assessment is the availability and accuracy of environmental information. Power companies need to disclose not only financial information, but also social responsibility data (which include details that pertain to climate and the environment). It is recommended that enterprises further establish and improve an environmental information database to ensure transparency. As market competition and environmental risks intensify, power companies should conduct comprehensive risk management in light of the actual situation of the company, and enhance the ability to prevent and respond to environmental risks. It should establish a risk responsibility system, clear incentives and penalties, and clarify responsibilities and obligations. It also should incorporate environmental risks into the overall macro decision-making system to comprehensively improve the level of environmental risk governance.
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