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Recommendations for the Reform of China’s Power Industry

1. Major problems to be addressed by institutional reform

The Chinese power industry has undergone two significant phases of institutional reform since the mid-to-late eighties.  The first of these came after 1987 when the government opened up the power generation market, and encouraged diversification of ownership and operation within the newly opened market.  A second major phase was launched with the creation of the State Power Corporation and the abolition of the former Electric Power Ministry in 1997.  China introduced this second reform in order to separate business management from government supervision.  This action helped to establish corporations and similar economic entities that operate independently within the market.  Throughout both phases, the reforms have facilitated progress towards the establishment of a market system in the industry.  
 
During the first phase, the Government established a market economy to help deal with shortfalls in the power supply, which had hindered economic development.  The opening up of the power generation market was successful in resolving the power shortage in a comparatively short time.  The emergence of a diverse variety of investment entities had a tremendous impact on the conventional monopolistic system, which had been complicated by the fact that government and business functions were combined.  Without the reforms of this first phase, which resulted in a surplus of generating capacity and competition in the power generation market, there would be no basis for further reforms.  However, the basic contradictions between market and planned economies, between competitive and monopolistic systems have not been solved.  The monopoly system and the market system were able to co-exist due to the severe power shortages.  In spite of increasingly large investments, new commercial enterprises did not have enough power to affect government control over the industry.  The resulting Government dominance concealed institutional conflicts between market and planned economies, and between competitive and monopolistic systems.  However, with the development of the industry, the influence of the market has grown rapidly.  For example, the State Power Corporation currently owns only 48 percent of the nation’s power plants.  As supply gradually meets and surpasses the demand for electricity, the internal economic conflicts have become more serious. 


The reforms of the next phase will determine what mechanisms will control and manage the market.  One difference between China’s power industry management system and those of other countries with market economies is China’s failure to distinguish between the roles of government and business.  The 1997 reforms were directed at eliminating this confusion or ambiguity.  Although some problems still exist, the State Power Corporation of China has acquired the status of an independent market entity.  Further reform of the power industry system should, where appropriate, eliminate monopolies in favor of competition, and replace the planned system with market-based decisions.  The design and implementation of a market system and the elimination of factors hindering the operation of a fair competitive market are priorities of this reform.  This would encourage non-government and foreign investors to participate in the business and thereby reduce dependence on State enterprises and national and local governments for investment capital.  In this way, a new power industry characterized by an open market, efficient operation, and the potential for sustainable development can be created. 

There are three major issues that are central to the reforms.

· How should resources in the industry be allocated?  China should split up the long-standing vertically integrated system, in which a single monopolistic firm manages generation, transmission, distribution, and retail sales.  In its place, an effective market system should be established, which will lead to extensive and effective competition.  The market system will replace the planned system and enhance the efficiency of resource allocation. 

· Who should be awarded the franchises to provide services?  With wider and more open access to the market, market signals should guide social investment in the industry.  To ensure the sustainable development of the power industry, China should establish various methods for stimulating the market; these measures will lead to the development of market forces that can replace state management control within the industry.

· Who should have the power to regulate the industry, and how should individual businesses be regulated?  The government should abandon old methods of controlling the industry through their exclusive power over the planned economy and over the administrative structure for the industry.  Instead, it should exercise any necessary control over the monopolistic sectors (transmission and distribution) by regulation, and ensure there is sufficient supervision and guidance over competition in the competitive generation and sales sectors. 

Ultimately, the basic goal of the industry reforms is to provide the greatest possible benefits to the public.  This should be the fundamental principle guiding all phases of the reforms. 

2.  Methods for optimizing industry efficiency and returns
2.1  Preferred methods of optimizing institutional reform and industry returns 

The market system and competition are the core components of new economic and management systems for the power industry.  The generation and sales sectors of the industry have been made competitive with the introduction of a market system and competition, while the transmission and distribution sectors of the industry remain monopolistic.  However the existence of non-competitive components does not necessarily mean that competition in the power industry will be limited or ineffective.  

Provided that enough buyers and enough sellers are able to transact business fairly, and that the monopolistic sectors cannot manipulate the market, competition should be robust and effective. 


Consequently, there are three factors that are key to the design of a competitive power market.  First, competition needs to be strengthened in the generation and sales sectors.  Second, in the competitive sectors, industry structure and regulations should be conducive to competition within the market.  Third, in the non-competitive sectors, the monopolistic transmission and distribution networks should be prevented from using their control over the power lines to manipulate the transactions in the generation market. 

   
The key to designing a competitive system is to ensure complete dismantlement of the previous monopolistic system through the separation of the competitive sectors (power generation and sales) from monopolistic sectors (networks).  The optimal sequence of events involves first introducing competition into the power generation sector.  Power plants need to be separated from transmission grids, and price competition for access to grids should be introduced to create fair market competition.  Competition should be introduced into the sales sector (i.e., the retail market) on a gradual basis, with a goal of eventually enabling consumers to select their power suppliers individually.  Power transmission and distribution should remain monopolies.  The government should gradually separate management and operation of the transmission and distribution sectors from each other, and strengthen the regulatory control over the monopoly components of the electric sector and regulation of the competitive components (generation and sales).  The two monopolistic sectors should act as a foundation for strong and effective competition in the power generation and sales sectors.


To sum up, the following guidelines should be kept in mind when implementing any industry reforms. 


First, the reforms must address the relationship between competition and monopolies.  The design of the markets should safeguard competition; monopolistic components should fulfill only their limited functions; and government control should be increased to ensure a fair competitive environment and decrease the monopolistic nature of the industry overall. 

   
Second, restructuring power businesses should ensure effective management of the relationship between scale and competition.  The more participants there are engaged in business within the competitive sectors, the better it is for healthy competition.  But on the other hand, larger firms can provide economies of scale.  A balance needs to be achieved between efficient scales and the independent operations of many competing small businesses in order for the industry to enjoy the advantages of scale while maintaining effective competition.

2.2  Restructuring of the power generation market

The objective of restructuring the power generation market is to enhance efficiency through competition, to eliminate market barriers as well as other factors hampering competition, and to foster the development of an open, competitive, and orderly market.  There are two main benefits of competition.  One is to attract investment from outside the industry by means of the open market and thus use a variety of financing channels to meet the growing demand for electricity; the other is to reduce costs and enhance efficiency. 


Reforms to the power generation market should create a competitive power generation market, separate power plants from transmission networks, and encourage competitive pricing.  Under such a system, the market will determine the level of electricity prices and supply.  In order to separate power generation from power transmission, the assets used for power generation should be transferred from the State Power Corporation, which has controlled power generation and supply as well as the transmission and distribution networks.  New companies that are only involved in the business of power generation should be set up to manage these power generation assets.  Moreover, new power generating companies should be allowed to compete with existing power generating companies. 

   
In the process of establishing new independent power generating companies, two principles should be adhered to. 

·  The new companies should not be permitted to hold a market share of more than a certain percentage, for example 25 percent or less (perhaps as little as 5 percent), of the total generating capacity within the province or region where it is located.  

· Restructuring of the generations segment should be consistent with the policy goal of breaking down local protectionism.  The new company should become part of an inter-regional or even an inter-provincial association, which would coordinate the distribution of electric power resources in an open market. 

In addition, there are three major considerations that should be taken into account when setting up new power generating companies. 

· The government needs to uphold the rights of independent power plants to access the national power networks on terms equal to those enjoyed by the National Electric Power Generating Company.  This means that existing rules that discriminate against independent power producer (IPP) access need to be removed, and legislation should be passed protecting the new rights.

· It should not be possible for all power plants of a certain type to be incorporated into a single company.  In particular, hydroelectric power plants should not all be incorporated into a single hydroelectric power company.  The improved technical properties of hydroelectric power plants, such as better electricity frequencies, could cause the whole power system to depend on them more than on other plants, and could eventually lead to hydroelectric power plants having a favored status within the industry.  Because of unique environmental effects and the nature of costs (mostly fixed capital costs and minimal operating costs) of hydroelectric power plants, taxation and other policies related to them need reexamination and modification.  However, if one company enjoys the exclusive benefit of these policies, new conflicts of interest will arise. 

· The establishment of a national electric power generating company may be unfavorable to a competitive power generation market, in that the creation of a single, large-scale national electricity generating company will put intense competitive pressure on the existing IPPs and will lead to concerns about disproportionate market control.  Consequently, changes need to be made quickly to the structure of the National Electric Power Generating Company to improve the way in which it will interact with the IPPs.  Meanwhile, the corporate structure of the Company should be modified to allow public acquisition of stock, and ownership should be diversified to enable the independent power plants to purchase shares in the company.  In this way, competition can be maintained while still leaving room for further reform of the ownership structures of State enterprises in the industry. 

2.3  Optimizing operation of the transmission grid 

The transmission sector is monopolistic by nature, connecting the buyers and sellers of electric power (building duplicate power lines owned by competitors is economically impractical).  The reform of the transmission sector should enhance its efficiency as well as aid competition in the generation and sales sectors.  The primary concerns are the transmission companies' structure, grid network design, and effective government control. 

There are three factors that determine the structure of the transmission network.  a) How large a region one distributor should control and how large a market should the competitive links provide; i.e., what is the objective of market development?  b) How does its scale affect efficiency?  c) What is the best way to exert effective external control with internal management while minimizing costs?  Of these three factors, the objective of market development is the most important.  The power transmission network should provide open transmission with sufficient transmission capability to completely accommodate public needs.  On the other hand, the grid is also characterized by efficiencies of scale.  The larger the scale, the greater the possible returns.  From this perspective, the fewer transmission companies, the better. 


There are two possibilities for the organization of transmission companies.  One is to set up a number of transmission companies based on regional divisions; the other is to set up a unified national company.  Given the distribution of China’s electricity resources, electricity distribution is most efficient on a national scale.  There are major differences between regions in terms of both energy resources and power generation systems.  The primary disadvantage of setting up regional companies is that such a partitioning of markets on the basis of regional divisions further locks in these differences.  The unified national company could promote connections between regional transmission networks to optimize electricity resource distribution.  At the same time, a unified national company suffers the disadvantages incumbent with all monopolies; for example, the lack of incentives to improve efficiency that competition imposes on a firm, and an increased difficulty in regulating a single large operator with considerable market power. 


Given the pros and cons, we would propose that the transmission sector be made up of a single nationwide transmission network.  But owing to China’s vast size and various regional differences, some regional differences must be allowed.  For this reason, we would propose the creation of a national holding company. 


In terms of transmission sector design, two questions need to be addressed.  First, to maintain objectivity, the transmission company should not be involved in electric power transactions (i.e., buying and selling).  Its only business should be to provide transmission channels and collect transmission charges.  Buying and selling of electric power should be a direct transaction between the generating companies and the purchasers (i.e., distribution companies or end consumers).  If operation of transmission networks is not separated from distribution operations or the electric power is not transmitted to the buyer, the transmission company could become a single buyer in the wholesale market.  To prevent this, the prohibition of transmission companies buying and selling power should be instituted as quickly as possible in order to ensure that the main focus of the transmission company’s work remains the transmission of electric power.  


Second, the dispatching agency (that controls which generators are operating at any given time so as to maintain supply to meet the system demand) should not be completely disassociated from the transmission company.  As part of the government’s control system it should be kept under strict surveillance.  The agency’s functioning should be transparent to ensure adherence to the principles of “fairness, impartiality, and openness.” If possible, the actual dispatch decisions should be isolated from the transmission companies in order to ensure that they remain neutral in any transactions.


To solve the potential problems associated with a unified national transmission network, the government will need to maintain strict control.  This government control would have two main aspects: (a) to ensure that the transmission companies provide open access to all participating network users, without discrimination, and (b) to control the transmission charges. 

2.4  Separation of transmission from sales 

Power transmission operations should be separated from distribution operations and distribution should be separated from sales.  Specifically, any distribution businesses with a capacity of or below 110 kV should be separated from transmission companies to form independent entities engaged in distribution operations.  Also, the power distribution operations of the distribution companies should be separated from the competitive retail portion of the business, which is involved exclusively with serving the end-users of the power. 


Distribution operations are a natural monopoly, but many countries have introduced competition into the retail business.  To foster competition in the retail sector, distribution should be separated from sales, and new independent sales companies should be created.  With the separation completed, the resulting distribution companies would be granted exclusive operating rights within their franchise territory, and become responsible for the expansion of distribution networks while being strictly regulated by the government.  The sales companies would be able to purchase on the wholesale market and would represent those users with high electricity consumption levels when competing in the market to purchase electricity.  Users of large quantities of electric power would have a wider variety of choices than are currently available.  Not only could they purchase electricity from the local sales company, but they could also choose to purchase from companies in other regions or buy directly on the open market.  This greater range of choices should promote both competitiveness and efficiency. 


As demonstrated in foreign countries, the reform of China’s electric power sales market should be carried out gradually.  As a cautious first step, an institution should be set up to offer users of large quantities of electricity a choice of providers.  In China, the large users market is comparatively mature, so the its opening should be accelerated, and competition between networks for their business should be promoted.  However, several stumbling blocks still remain, such as a dearth of relevant legislation and regulations for governing the standardization of purchase prices for large users, inadequate transmission or distribution capacity, overlapping subsidies, and the limited access to the networks. 

The power industry needs relevant laws and regulations, and rational pricing (or agreements, contracts and market pricing) to provide practical support for any reform attempting to offer large users a free choice of providers.  Where transmission or distribution facilities are inadequate, infrastructure development and upgrades should be a priority.

3. The phases and steps of reform and efficiency improvements 

Shifting the power industry from an integrated monopolistic system to a competitive market system is a complicated task.  Consequently, reforms in China should be implemented on a gradual basis. 


This report proposes that the reform be carried out in two steps over approximately ten years.  In that time frame, the competitive and monopolistic sectors in the industry should be separated from each other and the development of an open, competitive and efficient electric power market should be created.  In the first stage, the generating plants and transmission networks should be separated and a competitive market should be created in the generating market.  If the transmission and distribution components remain integrated, the sales market should be opened to large-scale consumers of electricity.  Network access should also be gradually opened to allow the development of a competitive market.  In the second stage of reforms, transmission, distribution, and sales sectors should all be separated, and free access to the networks should be introduced in order to foster a competitive retail market. 


In light of experiences in some other countries, there is potential for the power market to be gradually unified into a national market (as has happened in Australia), or even a transnational market (as has happened in Northern Europe).  In this way, China should gradually transform the structure of its power market from one based around provincial markets to one based on trans-regional markets and then to a unified national market.  In order to encourage the development of a genuinely competitive market, the provincial markets should be opened up and gradually consolidated; policies should foster expanding the trans-regional markets and the long-term development of the national market. 


To be more specific, the three markets–the provincial, trans-regional, and national–will co-exist in the market system during the initial phase of the reforms.  Due to the limitations of existing markets, the provincial markets will be the most important initially, but they should be opened up and then gradually their role reduced as the broader markets develop.  At the same time, the trans-regional markets will be strengthened.  Reform can be promoted through a gradual increase in formal regulations governing business and management operations.  For example, the power plants that apply for access to the main networks should be incorporated into the corresponding trans-regional market; this kind of regulation can be made progressively stricter and more wide-ranging.  Starting as soon as possible, measures necessary for fostering the growth of a national market should be developed and implemented.  We suggest that some trans-regional markets such as the central China market, the eastern China market, and the Sichuan market be combined first, and the newly formed market then be expanded to form a national market. 

3.1  The regulatory system 

In order to deal with the problems currently plaguing the government regulatory system, such as institutions with overlapping jurisdictions, institutions that deviate from their official functions, and much unnecessary administrative intervention in market situations, a special regulatory agency should be set up.  When creating such an agency, the following principles should be adhered to: 

· The principle of independence.  The regulatory authority should be independent from the entities under its control. 

· The principle of legal control.  The regulatory agency should be legally authorized to carry out its regulatory functions, and should perform them in accordance with the law. 

· The principle of centralized control.  The regulatory authority now shared by several government organizations should be centralized into a single regulatory body.
· The principle of transparency.  Regulation should be transparent and open.  The regulatory body should explain its decisions in writing, and its decisions should be made public.
There are two options for the way that the potential regulatory body could be set up and run.

A. Decentralized mode.  Regulatory agencies could be established at both the central and provincial levels (including the Autonomous Regions and Municipalities directly under the Central Government).  Authorization would come from the National People’s Congress (or the State Council) and the Local People’s Congresses (or the Local People’s Governments).  The provincial bodies would be expected to apply uniform principles and methods of regulation.  The State should create relevant legislation to enable effective administrative control of the power industry, while the Local People’s Governments would be empowered to create local laws and regulations according to local needs.  When handling major issues, the administrative offices on the local levels would be subordinate to the central administrative office. 

B. Centralized mode.  The State could set up a unified national regulatory agency to regulate the power industry at all levels throughout China using top-down management methods.  The national regulatory body would set up branches or auxiliary offices in various regions and some provinces (including the Autonomous Regions and Municipalities directly under the Central Government).  The centralized agency would be authorized by and be under the control of the National People’s Congress (or the State Council).  The agency’s regulatory functions would be carried out in accordance with the relevant laws and regulations. 


This report proposes that the organization of the regulatory agencies should be centralized, consistent with the organization of the transmission or distribution companies.  The centralized agency should establish branches in various areas and regions across the country.  In addition, the regulators should follow the principles of uniformity, transparency, and control by law.  The problems of multiple leadership and administrative intervention commonly seen in the old system should be eliminated. 

The agency established by the government to regulate the power industry should be authorized to regulate the power industry and all transactions in the electric power market.  The functions of the regulatory and administrative bodies for the power industry would include: the control of network transmission charges; the control of power market access; the control of the quality of electric commodities and services; the monitoring of transactions and competition in the market; the supervision of environmental protection; the arbitration and settlement of disputes; and the enforcement of regulations with fines and penalties set by law.  The agency could also provide incentives for social purposes, such as for increasing the use of new and renewable resources.


Among all the above-mentioned functions, price control over the monopolistic sectors (i.e., the transmission and distribution networks), surveillance of competition and transactions in the competitive sectors (i.e., the power generating market and sales market), and environmental protection should constitute the core regulatory responsibilities.  


Other countries have applied two main methods to control the charges set by the transmission and distribution networks.  The first is referred to as “cost plus”, often applied as a fixed rate-of-return.  According to this method, the total sales revenue of a network operator over a certain period of time (for example, one year) should not exceed the sum calculated on the cost-plus basis.  The second is referred to as “price cap”, in which the government does not calculate costs and profits.  Instead, it sets a floating range for prices on the basis of the price in the previous year.  The floating range is primarily determined as a function of the forecasted inflation rate and expected increases in overall industry productivity.  As a new regulating tool, the price cap method is now being widely applied in similar institutional reforms abroad.  A variation and substantial improvement over price caps is “revenue caps”.  Both price caps and revenue caps encourage firms to reduce their costs, but revenue caps also gives firms incentives to reduce throughput and reduce customers’ costs.


The two methods both aim to diminish or eliminate the monopoly’s power to overcharge its customers, i.e., to control its market power.  However, the cost-plus (or rate-of-return) method has some disadvantages.  First, to apply this method, the government has to acquire sufficient information to make the relevant calculations, which can be costly and require additional skilled staff.  Second, the information obtained by the government will inevitably be limited in comparison with the information a company itself has.  Third, because of its fixed return rate, this method does not stimulate the company to minimize its operating costs.  In spite of these disadvantages, cost plus has one great advantage: it provides an effective stimulus for investment. 


In order to encourage effective and widespread competition, we would propose that the revenue cap method be used to control the network transmission charges.  Nonetheless, the cost plus method could remain in use at the initial stage of the reform, with a view to using the price cap method to attract more diverse investors to engage in the construction and management of the networks and promote their development.

4. The reform of electricity prices

4.1 Objectives of pricing reform


The success of pricing reform in the power industry can be measured in the following three ways: a) if the price imposed on the end users falls or stays below the rising range of the price index; b) if efforts to diversify the types of investors is successful or reformed enterprises are accepted by the investors in the capital market (especially in the stock market); and c) if the reform causes firms to behave in ways that further other stated public policies (including environmental protection and expanded use of renewable resources).  Price, as an important indicator of a firm’s ability to cover its costs and earn profits, is an essential market signal and the key factor for investors deciding on their investment plan. 


Pricing reform in the electric power market consists of three main components.  First, establishing a price for electricity and a means of maintaining price competition within the market.  Second, incorporating the prices for generation, transmission, distribution, and sales into a single electricity pricing system.  This would stimulate the development of the industry, encourage investment in the construction of electric power facilities, bring down production costs, enhance efficiency, and divide up expenses among various users.  Third, establishing and applying an efficient and enforceable price regulation system to the entire electric power market. 


Specifically, we would propose the following steps be taken to reform the various sections of the pricing system: 

A. Introduce competition and let the market determine the price for power generation.  Provided that the generation market, transmission and distribution networks, and sales market are separated from each other, the electric power market should be competitive.  The governments (local and central) should establish regulations governing all transactions that occur in the market, and the selling and buying prices can then be determined through competition. 

B. Exercise strict government regulation and determine transmission and distribution prices independently.  The natural monopoly characteristics of the network operation should be taken into account when establishing both pricing systems and effective regulatory mechanisms.  The pricing should be determined independently and adapted to transmission and distribution operations.  The system should allow network operators to recover operational costs and provide a reasonable return on investment to ensure the healthy development of the networks.  The pricing system should also ensure equitable sharing of expenses among all users and promote the optimization of resources. 

C. Let the market determine, and governments monitor, sales prices.  Market factors should play the leading role in determining price.  The competitive retail system should let the majority of users choose their electric power providers independently.  When no choice of providers is available or no choice is made in spite of the availability choices, the government should monitor the pricing of franchised electric power sales.

4.2 The fair competition of generating prices over the period of transition
The average generating price is RMB 0.29 per kWh at present, while the generating price of the 62 power plants approved in 1997 is averaging RMB 0.41 per kWh.  If no measures are taken to institute wide-scale price competition, the actual market price will rise towards the higher limit and cause a rise in price for consumers.  Also, if the actual market price stands below the debt-servicing price of the new generating plants, the power plants will have to deal with stranded costs as a result of institutional reform. 


In order to resolve these problems and work towards ensuring that old and new plants compete on a level field, we propose that prices be balanced between the generating plants, or that the industry initially employs a combination of a transitional price increment and partial price competition. 


The aim of the restructuring is to economically combine existing generating plants that cannot compete effectively, with new independent generating plants that are more efficient.  The newly allied plants will have their generating price determined through open competition.  The pairings should match newly established plants with old plants to equalize their financial resources, and the combination of plants should be determined according to the power efficiency of generating units. 

    In the design of a transitional pricing system, the example provided by the government of the State of California, USA, seems to be an advisable one to follow.  The Californian government requires that each independent plant compete on the basis of a single, government mediated electricity price.  Meanwhile, existing plants submit estimations of what (if any) stranded costs they are likely to incur, these projections are verified by the government.  During the transitional period set by the government, the stranded costs are converted into transition charges imposed on all customers and adjusted according to the customers’ voltage level.  The interests of the investors are protected, and all users pay the remaining costs of assets that were built or purchased to provide service when the industry had been vertically integrated and fully regulated. 


The partial price competition system gradually transforms the existing administrative methods for setting generation prices.  It creates fair competition among various independent generating plants by using one of two pricing systems: the two-tier pricing system or the dual pricing system.  In the two-tier pricing system, the market itself prices a portion of the power market, while the government prices the other portion.  In the dual pricing system, the generating price is divided into two types, capacity price and energy price.  The capacity price is determined by fixed costs, while the energy price is determined by operating costs.  Both types of prices are ultimately determined through market competition.  Overall, the proportion of the electricity price derived from the capacity price should be gradually reduced while that derived from the energy price should be increased.  To encourage renewable development, some market rules should be adjusted and incentive schemes introduced. 

5.  Reform of the investment system

A prime goal of reforms to the power industry is to introduce competition, which simply means that various independent entities owned by diverse investors should be able to compete in the open market.  If the reform only breaks down monopolies in different sectors, while the businesses remain exclusively owned by the government, the reforms would only cause the disintegration of the existing power system.  In this case, the so-called competition would become nothing more than a contest between State enterprises with no budget control.  There would be no incentives to improve operational efficiencies, and the economies of scale would be lost.  Thus liberalization (i.e., breaking up monopolies and loosening controls) and privatization are two important measures of the reform. 


At present, the total value of State-held assets in the electric power industry is RMB 137 billion, which represents 25.4 percent of the total value of state assets in the industrial sector.  The figure also represents 80 percent of the total value of electric power industry assets.  If ownership structures and State enterprises cannot be reformed, efficiency will not be enhanced and production costs will not be reduced, hence the main objectives of introducing competition into the industry will not be met. 


The three main objectives of reforms to the electric power industry may be defined as follows: a) a market-oriented investment system should be set up, with a view to replacing current planning institutions with a free market system, b) investment controls should be modified to stimulate private and foreign investment in the market and enable investors to engage in the construction and operation of the power industry, and c) State enterprises should undergo institutional reform to allow the free market to stimulate them and enhance their investment and management efficiency. 


In the competitive generation and sales markets, the government must enact a set of fair regulations that encourages all kinds of capital investments.  Meanwhile, the proportion of government capital should be greatly decreased while that of non-government capital should be increased.  Except for large-scale hydroelectric power stations and nuclear power stations, the government should not become the main investor in generating plants.  As long as private investors can realize reasonable returns on their investment, they should be encouraged to participate.  The government should promote private investment since the investment efficiency of independent businesses is generally higher than that of State-owned enterprises.  In overseeing investments, the government should play the role of a macroeconomic regulator.  State approval of electric power generation projects should be revised and streamlined.  The State Power Generating Corporation should greatly reduce its holdings of State-held shares and establish a diversified stock ownership structure by going public in the capital market. 


Although a natural monopoly, the transmission sector should not be exclusively owned by the State.  Reform should encourage a diversification of investment in this sector.  Transmission companies could reduce the proportion of their shares held by the State by going public in the capital market, by making use of other financing tools, or by privatizing their assets.  Additionally, to reduce the proportion of State-held shares, transmission companies could choose to sell a part of their shares in the capital market or through other equity transactions.  Through these efforts, the companies could diversify their stock ownership structures, and the company’s operations (driven by its investors’ profit expectations), would hopefully be more efficient.  This would then attract more non-government capital to meet the need for investment for transmission network construction. 


Bolder measures could also be taken with respect to the distribution sector.  The objective of reforms to the investment system is the diversification not only of investors but also of operating entities.  Thus, when the separation of the transmission sector from the distribution sector is completed, the fixed-period franchise (such as three years) may be auctioned openly to allow private or even foreign investors to participate in the distribution market.  Any tentative procedures that are developed should initially be tested in a few limited areas to gain a greater knowledge of their effectiveness and weaknesses.  If successful, these reforms could gradually be spread to all appropriate areas throughout the country.
6. Policy recommendations for sustainable development in the power sector

To encourage sustainable development through the restructuring of the power sector, we suggest the following:

(a) The government should adopt the system benefit charge to stimulate the development of new and renewable energy.  In the short term, renewable power will not participate in the competitive market, but the system benefits charge could serve to subsidize renewable power.  Alternatively, the government can continue to set price tariffs to favor renewable power.  The system benefits charge also encourages energy efficiency in the power sector.  If utilities invest in or carry out energy efficiency programs they can significantly increase their profit margins due to subsidies such as the system benefits charge or other new government incentive plans.
(b) The government should internalize environmental costs into power generation tariffs, so as to encourage utilities to produce cleaner electricity.  In order to control pollution emissions from the power sector, the government should issue Generation Performance Standards (GPS) and new emission standards as soon as possible.  Based on GPS and total emissions control policy, the government should increase the environmental levy and exercise cap and trade policies. 
(c) The government should establish energy efficiency standards for all electric equipment and new incentives to encourage enterprises to produce energy efficient equipment above the national minimum standard.  The government should provide more financial support to Energy Service Companies (ESCOs), so that they can work more effectively with their clients (end users) to improve energy efficiency.  
(d) The government should adopt renewable portfolio standards (RPS) during the Tenth Five-Year Plan, so that utilities or power generators are obliged to deliver or generate a certain percentage of power from renewables.  The renewable credit trade will promote regional renewable energy development.   

Chapter 1.

Research on the Reform of the Power Industry’s

Regulatory System
1. Establishing a modern regulatory system must be a priority in the reform and development of China’s power industry.

1.1 China’s power regulatory system: past and present

Most countries in the world have chosen to improve the efficiency of their power industries over the past 20 years, generally through deregulating and restructuring and thereby lowering power prices.  Such market-oriented reform has tended to promote the integral economic competency of the power industry.  In China, the power industry has gone through a series of changes since 1985, including: (1) the termination of the monopoly of "exclusive investment in power generation," which existed for over 30 years during China’s planned economy period; (2) the gradual opening of the power generation market; and (3) the introduction of new investment and operation entities to relieve the power shortage that had been hindering the development of the Chinese economy.  Such changes led to the remarkably rapid development of China’s power industry.  For example, the demands for electricity have been largely met. 
In 1997, the Chinese government took more radical steps to reform the power industry, particularly with respect to separating business operations and management from government oversight and guidance.  The governmental functions of the former Ministry of Electric Power were divided between the State Power Corporation of China (which was newly established) and the State Economic and Trade Commission. 

In the evolution of the People’s Republic of China, we can identify the following three main phases of the power regulatory system:
(1) Phase I: Power industry as state monopoly: the unification of government and business functions (1949-1985)

This phase was mainly characterized by the multi-functional unification of policy making, business regulations, national property management and the production and operation of business enterprises.  In other words, the power industry departments of the central government, which were administrative agencies of the State Council, were not only responsible for the policy making and the planning of the state power industry, but also for the management and operation of the industry.  Thus the government power departments functioned as both sector managers and as administrative law enforcers, acting as producers, operators, and managers of state property.  These departments also invested in and obtained earnings from power projects. 

The regional power industry structure was similar to that of the central government, with parallel administrative, production and operating counterparts at the regional level.  The regional power sectors in turn assumed responsibility for managing subordinate agencies and their production and operations, while being supervised by higher bureaus under the central government (see Diagram I for more information about the power industry’s five-level management system).  During this phase, China’s power industry did not step beyond the systematic framework of the “unification of government and business functions” and “as a state monopoly operation,” despite the fact that competent departments of the power industry did make some adjustments and changes.  Although some structural adjustments were made, the interference with the operation of the business was not significantly changed. 

Diagram I: The five-level management system of China’s power industry


While this system successfully mobilized limited resources and created a strong backbone for the power industry, the management system under a planned economy proved too constricting for the industry.  The lack of clear definition of the responsibilities of both government and commercial enterprises gave rise to many problems, the most serious of which was that of discouraging regional economic entities from investing in the power industry.  The resultant lack of diverse investment led to a 20-year nation-wide power shortage, which may have stunted China’s economic and social progress. 

(2) Phase II: The unification of government and business functions with the gradual opening of the power generation market (1985-1997)

During this phase, some governmental regulatory policies were introduced to encourage new investors in the power generation market, terminating the operating monopoly.  However, there were no changes in the old management system.  The vertically integrated management remained, as did the unified responsibilities of government and businesses. 

In 1985, China’s State Council promulgated the Provisional Regulations on Promoting Fund-Raising for Investment in the Power Sector and Implementing Different Power Prices in order to encourage investment in the power sector by regional, corporate, and foreign economic entities and to relieve the worsening power shortage.  The regulations provided guidelines for: (1) separating the responsibilities of government and business enterprises; (2) making the provincial power bureaus into operating entities; (3) interconnecting power grids; (4) unifying the dispatching of power; (5) raising investment funds for the power sector; and (6) taking advantage of the local grids to facilitate the development of the power industry.  In addition, a new pricing policy was implemented for power generated from newly built power plants.
The reforms during this phase were largely focused on adjusting the regulatory policies, with the aim of providing incentives for investment in power generation.  The government, therefore, facilitated access to the power generation market and reformed the power grid access pricing system.  Such policy changes and their implementation led to two positive results.  First, they greatly promoted the initiative of regional governments and foreign investors, which in turn sped up the development of the Chinese power industry.  By 1997, the nation-wide serious shortage of power had been almost entirely relieved.  Second, the long-standing State monopoly had been forced to dissipate, being gradually replaced by a new market structure composed of diversified investors.        

However, many structural problems remained intact during this phase.  That is to say that, while the power generation market was opened, there was no corresponding adjustments in the government’s administration of the power industry.  Meanwhile, three new problems occurred, further highlighting intrinsic institutional conflicts.  (1) There were two distinct interests in the power generation market: One was governmental, made up of the former Ministry of Electric Power and its subordinate enterprises where vertical monopoly operations were practiced (integrating power generation, transmission, distribution, and sales).  The other was that of independent power plants and power generating companies.  Those interests often conflicted, which created problems, especially because of their unequal statuses with regard to market competition.  The problems of unfair competition between the two interests tended to worsen after the supply and demand of power had been coordinated and after competition had been enhanced in the power generation market.  (2) The regulatory authority of the central government was decentralized while local protectionism was thriving.  This created a barrier to both inter-provincial trading of power and the optimal allocation of resources.  (3) Improper pricing mechanisms and ineffective pricing controls led to the serious rise in transmission prices; prices for end users escalated.  

(2) Phase III: Separating the functions and responsibilities of the government from those of commercial enterprises, and establishing market mechanisms for the power industry in some pilot provinces and cities (1998 to present)

The reforms of this phase hope to deal with the structural problems of the power industry, focusing on the separation of government and business functions and responsibilities.  Meanwhile, in order to enable the power companies of five pilot provinces and one pilot city to manage market competition, an attempt was made to administratively separate power plants from power grids (with access granted for the latter through competition).
In 1997, the State Power Corporation was founded to resolve the power industry’s structural problems, while the Ministry of Electric Power (whose administrative functions were transferred to the State Economic and Trade Commission) was officially dissolved in 1998.  Thereupon, an institutional framework was formed within which (1) the State Economic and Trade Commission (SETC) and the State Development and Planning Commission (SDPC) functioned as regulators of the power industry, (2) power generating corporations, including the State Power Corporation, operated autonomously, and (3) a new federation of power producers provided self-disciplining services.  At the same time, the policy of “separating plants from power grids and accessing the power grid through competition” was carried out in five pilot provinces (Zhejiang, Shandong, Jilin, Liaoning, and Heilongjiang) and one pilot city (Shanghai).  The purpose of these pilots was to seek practical solutions to ending the vertically integrated monopoly of the power sector.  SETC and SDPC provided some guiding principles for establishing the rules of market operation.  According to these principles, power price regulatory departments reformed the pricing system for accessing power grids by replacing power prices based on repayment of capital with rate of return prices based on interest payments for a fixed period of operation.  This move was considered an important step towards a more standardized power pricing system. 

The reforms of this phase reduced the systematic difficulties involved in the unification of government and business responsibilities that previously existed in the Chinese power industry.  The separation of power generating companies from the grid operators has alleviated the fundamental problems characteristic of a vertically integrated monopoly in China’s industrial power sector.         

The current market structure of the power industry and its governmental regulatory departments is illustrated in Diagram 2.  

Diagram 2. Regulatory Institutions







Table 1 below indicates the main regulating functions performed by three major regulatory institutions: The State Economic and Trade Commission (SETC), The State Development and Planning Commission (SDPC), and The Ministry of Finance (MOF).  

Table 1  Major regulatory institutions and their regulating functions

	Institutions
	SETC
	SDPC
	MOF

	Regulating  functions
	—formulate industrial plans, rules and regulations, and economic and technological policies;
—formulate industrial norms, bench marks and technological standards;
—oversee sector functioning and enforce operational regulations;
—balance power resources and power supplies on a  utility service territory basis.
	—formulate strategic and long-term plans for development of the power industry;
—plan distribution of major power projects;
—arrange State capital funds for infrastructure;
—formulate and review pricing policies, and examine power prices.

—monitor and enforce set prices are adhered to.
	—establish a financial management system, structure costs, carry out financial inspections;
—manage state capital funds;
—supervise payment of earnings of state capital funds.

—financial monitoring and enforcement. 




   Through these phases of reform, the regulatory system and operational mechanisms of the power industry have both been improved.  The policy of "raising funds for diversified investment in power generation" and other coherent reforms—such as power price reform—have played essential roles in promoting investment in the power industry, thereby rapidly relieving the country’s severe power shortages.  A new systematic framework has been established in which the functions and responsibilities of government and commercial enterprises have now been segregated.  The experiences obtained from the pilots regarding power generation market reform have justified further reform in the power industry sector, including the introduction of competition. 
1.2 Inherent problems that continue to exist in the current power industry’s regulatory system. 

The current governmental regulatory system remains incompatible with both the power industry’s market-oriented reform and with diversified operating entities. 

Market performance is generally believed the only criterion for assessing the effectiveness of a regulatory system.  Considering its market performance, China’s power industry still has some major problems, as described below.

First, in the absence of effective market mechanisms, the government administers the power industry directly.  This tends to distort market quotations, leading to high cost and low efficiency.  Although the establishment of the State Power Corporation helped to define the interface between the government and commercial enterprises, the continued integration in much of the country of power generation, transmission, distribution, and sales has prevented a competitive mechanism from evolving.  The lack of competition, clearly a defect in the system, does little to help promote efficiency in the power sector.  

Second, the power market is arbitrarily segmented across administrative divisions (provinces), compounding the inter-provincial market barriers.  Areas that are rich in primary energy deposits are far from power-load centers.  However, market segmentation by administrative divisions exerts a tremendous impact upon resource allocation; power from cheap, clean energy sources are rarely distributed across provincial divides  due to inter-political barriers.  

Third, since the government has not established an effective regulatory and enforcement system, the traditional administrative approaches to management cannot meet the demands of new situations.  One of the most serious problems lies in price management.  Without an appropriate pricing mechanism, power prices cannot reflect the true relationship between supply and demand.  

Fourth, investment incentives (such as power purchase agreements promising long-term investment return rates) granted under the condition of a shortage of power became a central problem after supply met demand.  Specifically, independent and intra-system power producers were placed at a disadvantage compared to State power plants when the allocation of power resources again became influenced by non-market factors. 

These problems illustrate that the current regulatory system and its methods of regulating (1) fail to meet the need for power sector development and market-oriented reform, and (2) fail to block the expansion of monopolies and local protectionism that noticeably reduce the efficiency of resource allocation.  These problems have already caused harm to both the interests of the country and the public.  As a result, the power sector requires additional drastic changes and adjustments.

1.2.1 In-depth look at specific problems of the power industry’s regulatory system 

Regulatory responsibilities for the power industry should involve: (1) collecting complete information about cost, market activities, etc., from different types of power enterprises; (2) preventing or eliminating possible abuses of market privilege by power companies (especially vertically integrated monopolistic companies); and (3) enforcing regulations and imposing penalties on companies whose behavior is likely to harm public interests. 

Unfortunately, China’s current regulating functions are ineffective.  The regulatory agencies (SDPC, SETC, MOF, etc.) usually find it difficult (if not impossible) to enforce regulations to change business behavior.  As there is no separation between policy-making and regulating functions, these agencies devote much of their energy and gusto to general policy making, formulating industrial policies and development plans.  In addition, the regulatory agencies seem to be keen on administrative examination and approval, such as setting stricter conditions for access to the power industry market) as a way to compensate for their lack of enforcement authority. 

With administrative restrictions, private companies stand little chance of entering the power industry and existing power companies usually have little impact in investment decisions.  In addition, once a company has obtained access to the power market, it receives protective prices at fixed return rates (based on a cost-plus calculation wherein the price may have been based on unrealistic costs).  These benefits, in a sense, legalize the monopolistic interests of those companies.  Since access to the market has become both difficult and highly profitable, the regulators (who are generally motivated by fees enacted to compensate their organizations) are frequently influenced by the regulated parties.

As has been discussed, the current regulatory functions are not properly distributed and are performed by a variety of related governmental departments (See Table 1).  Both these structural and functional divisions have damaged the relative integrity of regulation.  Power regulation involves highly systematic and closely interrelated procedures in which examination and approval of power prices, access to the market, investment and fund-raising processes, and cost monitoring and control need to be highly coordinated. 

Take power price regulation as an example.  Effective power price regulation may be possible only when an authorized agency defines appropriate costing procedures, effectively monitors costs, and has authority to take action against abuses.  However, the various players in the power industry currently control these costs rather than price regulatory departments.  Power prices should largely be shaped by investment and marginal costs, and the demand of the whole industry should be taken into account when assessing newly constructed projects.  This in turn requires that the management of investment processes and power prices be highly coordinated and uniform.  Yet, at present, the management of investment and power prices are relatively isolated from one another, which has deprived the power pricing regulatory departments of effective information and led to serious pressures to raise power prices.


Another significant reason for inefficient regulation might be the current structure and division of functions, both of which have impaired systematic regulation.  However, within the framework of the current regulatory system (which has no balancing mechanism), it might be impossible to resolve the problems of inefficiency and ineffectiveness by coordinating different departments. 

Excessive decentralization leads to ambiguous roles.  Most governmental departments—among which the regulatory functions of the power industry are distributed—are virtually comprehensive economic departments.  This means that they have to assume a variety of responsibilities instead of providing exclusive regulation for the power industry.  Commercial power companies have thus been confronted with the problem of having to consult many different governmental departments.  There are too many links, too many departments, and efficiency is low.  When problems or conflicts arise, there is so much buck-passing that even the central government would find it difficult to ascertain who should be responsible for specific problems.  Therefore, China needs a commission to handle what is known as the “one-stop shopping” for permits.

Furthermore, the regulatory process, to a large extent, is neither strictly based on legal mandate nor transparent.  There are no laws in many important areas such as economic monitoring and control.  Many regulating functions have not been clearly sanctioned by law.  In the absence of laws and enforceable regulations, it is impossible for regulatory agencies to fulfill their regulating responsibilities

In addition, two trends should be of mounting concern: one is that regulatory agencies are increasing their ownership of power facilities; the other is that governmental departments whose interests are interrelated tend to set and seek a variety of fees to increase their income.  These two trends impair both the transparency of the regulating process and the consistency of policy making, which damages the impression and reputation of the government.  The social costs of trading power are also increased when investors are not provided access to the transparent workings of the regulatory bodies.

The lack of static policies causes additional misunderstandings in the market and confuses and discourages investors.  Under such changeable circumstances, the reform of market mechanisms will require a relatively long time.  This will ultimately hinder the healthy development of China’s power industry

Moreover, China’s regulatory departments are deprived of autonomy.  At the central level, agencies capable of performing the regulatory function are usually found to be part of governmental departments, which are not exclusively responsible for regulating the power industry.  In addition, senior departments and other departments—each with their own agendas—influence the activities of the regulatory agencies.  At the regional level, local regulatory agencies—which are supposed to have more autonomous regulating power—are even more seriously influenced by those whom they regulate.  Central governmental policies or decisions are likely to be distorted after interpretation by the local governments.  When examining and approving power projects, local government leaders often promise price and investment return rates to investors; a huge obstacles to future standardization of price management and economically efficient dispatching of grid power.
The current regulatory system also lacks a supervisory body that can effectively prevent regulatory agencies from abusing their power.  Such a supervisory body can not be established before (1) setting of general regulatory guidance is separated from those with responsibility to enforce the regulations, and (2) the supervision process is made more transparent according to established procedures.  While businesses can currently petition for an administrative review or action, the regulatory agencies and their administrative superiors essentially carry out the review procedures; consumers and regulated businesses are denied normal judicial ways of participating in the regulatory process.   

Finally, many of the staff of China’s regulatory agencies are not trained or qualified to perform regulatory duties to the standards required. The ongoing developments of modern regulatory systems in foreign countries have proved that governmental regulation is becoming more specialized because the market is increasingly complex (in terms of new technologies, diverse participants, and legal repercussions).  Regulating staff must therefore possess expertise in an array of skills and in a variety of fields, including economics, law, and technology.  In China, however, technical regulating staff tend not to be trained in economics and law.  Specialists in the modern principles of regulation are desperately needed during the regulatory system reform to meet requirements of new policy making, specialization, and timeliness.  Furthermore, the problems of antiquated regulating approaches, and the excessive dependence on administrative measures when handling violation of laws or rules must also be tackled.  
1.3 Priorities in the reform and development of the power industry: Reform of the current regulatory system and the establishment of a modern regulatory process.
The current regulatory system cannot meet the requirements for the development of China’s power industry and has become an obstacle to market-oriented reform. 

The government has clearly outlined the framework for reform of the power industry, but has yet to determine the final reform program.  China should place the development of a modern regulatory system in concordance with market reforms in the power industry at the top of its list of priorities, for the following reasons:  

1.3.1 Setting up a modern regulatory system for the power industry is in the interest of the country.

Power production is a pillar of China’s economy.  The sustainable development of the power industry and its safe, reliable, and efficient operation are crucial to proving the country’s competency, in ensuring social progress, and in satisfying the interests of the public.  A new modern regulatory system that conforms to the socialist market economy should be established as quickly as possible, ensuring that: (1) regulators guarantee new conditions for fair competition for both businesses and investors; (2) regional governments or non-regulatory governmental departments do not interfere in regulatory procedures, and (3) regulatory activities are conducted legally through the establishment of laws and regulations. 

1.3.2 The establishment of a modern regulatory system for the power industry will assist the formation of a new relationship between government and businesses. 

In the monopoly sectors in China, government functions and business operations are not generally separated.  Although in the electrical power sector, government function and business operations have nominally been separated, State-owned power enterprises still suffer from considerable government intervention, which is one of the biggest obstacles to market-oriented reform.  In the future, government administrative reform faces more difficulties.  In the past, a system of government approval was almost the sole management tool in the power industry.  This approval system is difficult to change.

State-owned power enterprises still suffer from government intervention in their operation and daily management.  This level of intervention has led to low efficiency and inequitable application of market regulations.  Substantial reform of the investment and financial system is difficult without the withdrawal of direct governmental management.  One way to break the cycle of self regulation in these enterprises is to construct a new regulatory system.

To ensure fair and orderly competition, the government is expected to loosen its control over market access and allow both commercial and State-owned enterprises the responsibility and authority for production and management.  This competitive segment should be overseen and regulated while the supervision and regulation of the monopoly segment must be strengthened.  Ideally, the government-business relationship will change in the following ways: (1) the State departments that are involved in macro-economic control will be responsible for implementing macro-economic policies; (2) the new regulatory agencies (see Table 1) will be in charge of regulatory management and the administrative enforcement of law; and (3) both commercial and State-owned enterprises will operate autonomously.  A new centralized, independent, transparent regulatory agency that regulates only the power industry, by law, may create a more efficient administration.

1.3.3 Without reforming the current regulatory system, China will face difficulties and high risks in meeting the desired market-orientation and the projected goals of the power industry. 

The government intends to break through the vertically integrated management monopoly and introduce competition by (1) separating power plants and transmission grids, and (2) allowing access to power grids through competition.  While such reforms will inevitably impact the market structure, power investment, operative modes, and rules of behavior, the regulatory system must also be adjusted to ensure that such changes are effective. 

The experiences of other countries that have already conducted systematic power industry reforms show that reforming the governmental regulatory system is a prerequisite to introducing effective competition.  Without reforming the regulatory system, government reform goals are unlikely to be met.

Chinese pilot projects in five provinces and one city further illustrate the incompatibility of the current governmental regulatory system with market-oriented reforms.  Businesses in these pilot regions were unable to function adequately in the market because the current regulatory system distorts market signals, which misleads investors and discourages investment.  The lack of both government regulation and control of market externalities could endanger government reform of the power sector, perhaps leading it towards a power shortage crisis.  An efficient modern power industry regulatory system is essential to facilitate the reform of the power industry and ensure its healthy and sustainable development.   

1.3.4 Optimized resource allocation cannot be achieved if the current regulatory system is not completely reformed.
China is characterized by regional imbalances in the distribution of energy resources and economic development.  While the government has encouraged the implementation of the strategy of transmitting power from western to eastern China, this strategy is impeded by serious market, technical, and administrative problems.  Barriers to the inter-provincial trade of power are mainly brought about by (1) the financial system, wherein central and regional financial operations are separated; (2) individual provincial grids; and (3) thriving local protectionism.  Many projects that were initiated by provincial or municipal power companies have been abandoned, while the needs to self-balance supply and demand internally have also led to a serious waste of resources.  The problems of optimizing resources among different regions could be facilitated by the establishment of an appropriate, unified, and centralized regulatory system, which would standardize the activities of the power market and break through the market blocks caused by local interests and market segmentation. 

2. Basic experiences of foreign power industry regulatory systems

2.1 Power industry regulatory systems: Past and new trends.
The U.S. regulatory system dates back to the 19th century.  In 1887, the Inter-state Railway Commercial Commission was established to manage the greatest emerging industry of that time: the railway industry.  One of The main reasons for regulating the railway industry in the U.S. was so that the railway could connect different parts of the country; removing transportation barriers at the boundaries of different states.  The objectives of regulation were to develop proper pricing mechanisms, defend public interest and ensure that railway giants did not manipulate the market.  This regulatory system proved to be effective in managing the private sector of a monopoly industry within the limits of a free market economy.  Later, the theory of economic regulation started to permeate many other important industries of America, including the power, petroleum, natural gas, telecommunications and civil aviation sectors.  The theory of regulation exerted a profound influence upon the American economy.   

At the beginning of the 20th century, the American power industry was dominated by privately-owned public power utilities with increasing vertically integrated management.  These corporations controlled the power generation, transmission, and distribution markets.  In brief, they developed a kind of monopoly in a “monopolized franchise sector.” In 1916, America established governmental regulatory agencies in its 33 states that supervised the public power utilities, issued franchise rights, regulated pricing, and provided financing to power enterprises.  The regulatory agencies were also responsible for monitoring the monopoly of public power enterprises, so as to guarantee a safe, affordable, and reliable power supply and to ensure that power utilities received proper investment return rates.  Although the Federal government did not prioritize public and power utility interests, the government was concerned with two things: the price of electricity, and that investors would provide necessary investments to guarantee a safe and reliable power supply. 

In 1935, Congress passed the Public Utility Holding Corporation Act (PUHCA), which not only authorized regional power companies to provide power services, but also empowered state governments to regulate the retail trade of electric power.  PUHCA prohibited other power companies from expanding their power generation into the public power utility franchise sector.  However, this stifled competition among public utilities.  For this reason, the Congress passed the Federal Power Act (FPA) and authorized the Federal government to regulate the inter-state power trade.  The Federal Power Commission was in charge of setting wholesale power prices for the inter-state power trade, while a state-level regulatory agency regulated intra-state retail business.  At the end of 1935, most of the power trade was regulated within the so-called “rate of return” or “pricing based on cost of service” framework.  This idea of regulation dominated in America until the 1970s and was gradually brought to other countries with market economies.    

Two oil crises in the 1970s severely affected the American economy, including its power industry.  In 1978, Congress passed the Public Utility Regulatory Policy Act (PURPA) as Section Two of the National Energy Law, to encourage the development of renewable resources and new technologies.  While not the original intention of the law, it paved the way for competition in the U.S. power market through the introduction of rules requiring monopolistic utilities to buy power from independent power producers (IPPs) at “avoided costs” and rules for “wheeling power” (i.e., selling to a customer outside your immediate area by placing power into the grid where generated).  Later, when Ronald Reagan became President, he emphasized the “supply-side” school of economic theory, which encouraged deregulation and free competition, setting in motion the reform of the power industry and its regulatory system.  In April 1996, the Federal Energy Regulatory Commission (FERC) issued Act 888 that allowed power transmission services to enhance competition in the power wholesale market.  Since that time, further deregulation has proceeded on a state-by-state basis. 

The U.S. concept of economic control was adopted and further developed by the British Prime Minister Margaret Thatcher.  The reform of the British power industry involved the privatization, the breaking of the vertically integrated monopoly, the restructuring of the market, and the reform and restructuring of the regulatory system.  The British Power Law, passed in 1989, provided that (1) the ownership of power should shift from state to private investors, (2) a competitive power market be introduced, and (3) an independent regulatory system be established. 

Many countries followed the British model of power industry reform, especially during the 1980s, when market-oriented reform in the power industry became a trend around the world.  Aside from a few countries in Asia and Africa, most countries in the world have achieved or are in the process of completing market-oriented reform of their power industries.  With the opening of the power market and the introduction of competition, many countries (including Britain, Canada, Argentina, Brazil, India, and Poland) established specialized regulatory agencies. 

In Europe, the European Union (EU) Council requested in its Directive of Power Industry Reform (1996) that all member countries “establish an effective regulatory system, making sure that it is transparent in order to evade abuse of monopoly markets, especially predatory behavior that will harm consumer interests.” By April 2001, all member countries of the EU, except Germany, had carried out regulatory reform and established regulatory agencies for the power and energy industries.    
2.2 The main features of modern power industry regulatory systems
Power regulatory systems are different in each country.  The structure of regulatory power authorities depends on power market patterns (including scope and scale of competition), the type of political regime, the legal system, and the history of the power industry in that country. 

2.2.1 Properties of power industry regulatory authorities

Two main patterns dominate the regulation of the power industry.  First, the dependent pattern in which policy making and regulatory functions are unified.  This pattern has been adopted in Japan and in many European countries with continental legal systems (such as France and Germany).  The second type of regulating is the independent regulatory pattern that has been adopted in the U.S., the UK, and other countries that favor the Anglo-America legal system (such as Australia and South America).  The main characteristic of this system is a separate regulatory authority that is independent from the legislative (law-making) government bodies and is provided with authority for implementing policy and enforcing regulations, and neutrality.  A new development of this regulatory pattern is a shift towards regulating other energy industries.  Such comprehensive regulation of the energy industry reduces the cost of regulation and enhances efficiency. 

The independent regulating pattern can be subdivided into two types, according to the relationship between central and local regulating bodies: The first is the vertical regulating pattern, in which a national unified regulatory agency with a few regulatory branches are established.  For example, Britain, Argentina, and New Zealand have national power industry regulatory authorities with a few branches in different regional areas according to practical needs.  The second pattern is a multi-level regulatory system that countries with federal authorities (such as the U.S. and Australia) tend to adopt.  For example, the United States has established power industry regulatory agencies at both federal and state levels.  At the federal level, the Federal Energy Regulatory Commission (FERC) is a government body with independent authority bestowed by the legislature, regulating interstate power transactions and wholesale markets.  In addition, each state has its own public utility regulatory authority in charge of regulating the local power industry.  State regulatory authorities have considerable autonomy for their activities, based on their state mandates.  

The development trend of the power industry is for regulatory authorities to be independent and specialized, with little interference from government policy makers.  For example, by the end of 2000, 12 of the 15 EU member countries had established specialized, independent regulatory authorities, which displayed some differences in rights, power, size and degree of independence, depending on the country.  Degree of independence has two meanings: One is independence from the government policy makers, which helps to both reduce the risk of legislators affecting market operation for some short-term political objectives and strengthen sector stability by freeing regulatory authorities from being impacted by radical government changes.  The second meaning is independence from stockholders interests, which means that the regulators must not have any financial interests in the companies they regulate.

Funds for regulatory authorities come partly from financial government allocations but often largely from fees derived from the regulated entities. 

2.2.2 Regulatory functions

Regulatory functions are usually determined by the degree of competition in the power market.  In other words, the degree of competition and the market structure impact the nature of regulatory functions.  The weaker the competition, the more regulation required.  As has been discussed, regulation alone cannot ensure the power market will benefit the public most effectively.  Instead, competition through market inducements must also be introduced.  This suggests that a regulatory authority should focus its activities on opposing monopolies and encouraging competition through strategic market-oriented reform rather than on directive regulations.  

 A modern regulatory system is characterized with the following functions: (1) the separation of the competitive segments of the power industry (generation and sales) from the naturally monopolistic segments (transmission and distribution); (2) the relaxing of economic regulations in the competitive segment with the strengthening of natural monopoly pricing, security, environmental protection, and social regulations. 

Encouraging a full play of market functions (by relaxing the directive regulation of the competitive segment) while focusing on regulating the monopolistic segment enhances the effectiveness and efficiency of regulation.  The purpose of regulation for the competitive segment is to encourage fair competition, to fight against market monopolies, and to ensure a market responsive to the public needs.  Regulation of businesses should involve research into whether they meet the relevant environmental and technological demands, quality of service, and meeting appropriate social goals.  One objective should be to make entrance into the power business available to all competitive companies and technologies. 

Additional social regulations may involve regulation of technology (such as systematic planning and operation), safety, consumer interest, development of clean energies, emission of pollutants, environmental protection, and universal services.    

Modern regulatory systems are also characterized by a shift from protective to incentive regulation, particularly in respect to regulating power transmission and distribution prices.  Price protective regulation systems (more prevalent in the past) applied investment rates of return as a regulatory tool by inviting public representatives to participate in setting power prices, investment return rates, and investment methods.  While such a system restrains monopolistic power companies to prevent unjustified profits, the system has some downfalls.  First, regulation based on investment return rates depends on adequate information, which is costly to collect and process.  Inaccurate information leads to difficulties in negotiating with companies over investment return rates.  And second, fixed return rates do not provide incentives for companies to bring down their costs.  Since return rates are usually fixed at a percentage, business profit rates are also guaranteed.  In fact, this regulatory pricing approach is protective because the interests of the regulated enterprises are protected legally. 

In contrast, RPI-X (regulatory price index: a new regulatory instrument) takes price (or revenue) indexes into account.  A price or revenue cap is set in advance and periodically adjusted, requiring that power transmission and distribution companies set prices for power transmission and distribution at or below the cap.  In this way, regulated companies are provided incentives to improve their efficiency and cut their costs.  Countries are increasingly adopting such incentive price regulation approaches, which are also applied in telecommunications, natural gas, and water supply industries.  

However, the objectives and focus of power system reforms do vary according to local differences and stages of development.  Developed countries, for example, usually have a well-developed power market where supply and demand are generally in balance.  They therefore tend to focus their efforts on creating incentive regulatory mechanisms to improve the operation of the power industry, promoting industrial efficiency, lowering power prices, diversification of energy sources, environmental protection, etc.  In contrast, developing countries are faced with the task of developing their power industry, enhancing economic development, and realizing the goals of social progress.  The objectives of reform include guaranteeing safe operation of the power system and attracting new investments to support the development of their power industries. 

 2.2.3 Monitoring and balancing mechanisms 

The monitoring and balancing mechanisms of regulatory systems are usually made up of the following four aspects:

(1) The separation of the role of setting policy guidance from that of administering and enforcing regulations.  Government law-makers and agencies should be responsible for strategic and long-range planning and for setting the guiding policies.  A separate regulatory body should implement the government’s guiding policies through regulations, and should have authority to generate and enforce implementing polices within well defined bounds.  

(2) Legal authorization is provided to the regulatory authority.  All the activities conducted by the regulatory agency should be within the framework of laws and regulatory rules.  Regulating by law helps to prevent abuse of rights by the regulators. 

(3)   The transparency of the regulatory process in terms of: a) a clear description of the functional limits of the regulatory system; b) open decision-making with public access; c) clear regulatory rules and the procedures for dispute settling; d) the publication of regulatory decisions and the reason for these decisions; e) a regular report about the activities of the regulatory agency and actions of the regulated; f) the establishment of an effective mechanism to appeal against the regulatory body’s decisions; and g) the submission to external examiners of a report documenting the activities and efficiency of the regulatory agency. 

(4)   A dispute-resolution process that allows for arbitration and justice: Australia, for example, has the Power Court of Justice.    

In summary, a modern power industry regulatory system should possess the following characteristics:

Independence;

· Separation of setting policy guidance from administration of regulations

· Lenient economic regulations, but strict regulation of the monopoly segment;

· Legal authorization and regulation by law;

· Effective supervision and power-balancing mechanisms.   

3. Tentative suggestions for reforming China’s power industry regulatory system

3.1 Basic principles of China’s reform 

China’s power industry reform should include the construction of a new regulatory system that measures up to those of developed countries.  The reforms should seek to overcome existing regulatory problems by (1) learning from the experiences of advanced countries, (2) ensuring that power industry reforms go hand in hand with ongoing market-oriented reform, and (3) taking Chinese unique characteristics into account. 

 The reform of China’s power industry regulatory system should mirror larger reforms and changes such as China’s membership in the WTO, which could radically alter government methods of managing the national economy.  To this end, the reform in the power industry regulatory system should be coordinated with the strategic reform of China’s whole management system.  Experiences and lessons learned in the reform of the power industry’s regulatory system can then be utilized for other Chinese industries.  

 The reform of the regulatory system for China’s power industry should follow the principles below:

(1) The reform should keep pace with the power industry’s market-oriented reform.  Domestic and foreign experiences illustrate that  market-oriented reform is a complicated process that needs to be accomplished step by step.  First, power generating facilities and the transmission grid should be separated, while the grid should be accessed through competition.  Second, power transmission should be divided from distribution.  Lastly, competition should be introduced to the sale of electricity.  These processes need to be sped up to ensure the successful market-oriented reform of power industry regulation.  The regulatory body should ensure that market mechanisms are able to function freely through competition, while guiding, monitoring, and providing comment on the power industry’s market-oriented reforms. 

(2) Reform of the regulatory system should be coordinated with the reform of the governmental administrative system and shifts of administrative functions.  Reform should also fulfill the mission of creating a new relationship between government and operating enterprises, in which businesses operate autonomously and the regulatory agency legally performs regulatory functions.  The main immediate tasks in reforming the power industry’s regulatory system involves creating a regulatory body which is functionally independent of the legislature and macro-economic planning; separating law-making and setting of policy guidance from the administration of regulations; centralizing the regulatory functions in one power regulatory agency; and renovating the governmental system of examining and approving power projects.

 (3) Power industry regulatory system reform must be reinforced by laws and regulations.  Foreign experience illustrates that legislation must be promulgated before the regulatory system is established.  However, in China, reforms appear to have been carried out in reverse.  On one hand, China could take years to work out comprehensive laws and regulations regarding the power industry.  On the other hand, China may not be able to establish an effective regulatory system without the relevant laws.  In addition, deepening reform in the power industry and the ongoing reform of the governmental administrative system are exerting more and more pressure for immediate reform of the power industry’s regulatory system.  To resolve this conflict, we suggest that administrative regulations be authorized as legal by the government ahead of formally legislated laws, because only when the regulatory agency and its functions are authorized by law, can a new transparent, predictable, and balanced system be developed.  In short, the principle of “legislation first” cannot be transcended.     

3.2 Establishment of a regulatory agency
Principle: an independent regulatory agency

To recap, there are two main regulatory models, as follows:

(1) The distributed model in which the regulatory organizational structure of the power industry is constructed according to administrative territories.  This regulatory model often presupposes unified regulation and control, dual leadership, and multi-level administration.  The two-level regulatory authority of the power industry is managed by a central administrative department and provincial (autonomous or municipal) administrative departments.  These are authorized by the National Congress (or the State Council) and Regional Congresses (or regional governments) to follow uniform regulatory principles and methods.  Within the framework of national laws and regulations, regional government can establish their own relevant regulations or rules.  Dual leadership, namely a combination of the leadership of the central and regional governments is currently practiced in China, and this system ensures regional government obedience to the central government’s decisions.
(2) The centralized model whereby the central government sets up a unified regulatory agency in which vertical management is practiced.  Regulatory branches or subsidiaries are established in different regions (autonomies or municipalities) to meet the local practical needs.  The regulatory agency is authorized by Congress (or the State Council) and expected to work in accordance with national laws and policies. 

    We suggest that a centralized model with an independent unified regulatory agency and a Power Industry State Regulatory Commission is most appropriate for China because of the unevenness of regional economic development and natural resources.  A centralized system would facilitate the removal of inter-provincial barriers in the power market, eradicate local protectionism, and attempt to achieve an optimal allocation of power resources.  An independent Commission, authorized by the State and directly affiliated with the State Council, should be formed to regulate the national power market in a centralized and uniform way.     

The new regulatory system should be composed of regulatory branches at three levels: the central, regional, and provincial (including municipalities and autonomous regions).  The central regulatory agency should direct and command the subordinate regulatory branches in a vertical way.  Regional regulatory branches should be subsidiary agencies that the central regulatory agency appoints in regions or areas where a transmission grid company or a power trade center is located.  Provincial regulatory agencies should be branches or offices that the central regulatory agency establishes in provinces where such branches or offices are necessary.    

Task division of the three regulatory bodies could be as follows:

 The state-level regulatory agency, the State Regulatory Commission of the Power Industry, should be responsible for formulating national general principles and rules for the power industry; making sample licenses for the power industry; regulating inter-regional wholesale power markets and inter-regional power transmission businesses; and coordinating inter-regional activities of power enterprises. 

The national regulatory agency would be responsible for formulating internal regulations (based on the policy direction from the Commission), setting enforcement policies, and overseeing the operations of the regional and provincial branches and offices.

The main tasks of the regional regulatory branches should carry out the mandates of the national regulatory agency, and be responsible for applying national regulatory principles and rules within their region; regulating the intra-regional wholesale and transmission power markets; and coordinating intra-regional affairs among provinces.  The regional regulatory agency should also undertake regulating tasks in provinces, municipalities, and autonomous regions where no provincial regulatory institutions have been established. 

 Provincial regulatory institutions should apply the uniform regulatory principles and rules; regulate the retail market, power transmission, and distribution on the provincial level. 

In order to guarantee the authority and independence of the regulatory agency, the State Council should appoint the leading members of the State Power Industry Regulatory Commission, while the regulatory agency should be responsible for appointing and managing all other officials.  Staff selections should be achieved through open interviews or examinations and approved and reviewed by the government.  The staff of a regulatory agency should be made up of tenured public servants that specialize in the power industry, finance, banking, law, and economics. 

At present, the government finances most of the State Regulatory Commission of the Power Industry.  Regulated power companies only pay a small part of the costs for regulation.  However, using foreign countries as reference, we advise that the regulated companies provide the majority of funds for the State Regulatory Commission in the long run.  Such funding practices allow for more independent and efficient regulation. 

3.3 Regulatory functions
Principles: 

1) Centralized authority for regulatory functions;
2) Separation of setting policy guidance from the administration of regulations;
3) Relaxed regulation over the competitive segment and strengthened regulation and surveillance over the monopoly segment.
The basic separation of the general policy-making and enforcement of regulations is in accordance with both the government’s long-term goals of social development and the requirements imposed by macro-economic policy. 

The main duties of the regulatory agency of the power industry should include: (1) formulating concrete standards and specific rules for industrial regulation, according to related laws, regulations, and policies; (2) carrying out industrial policies and development plans; (3) performing routine oversight of the power industry; and (4) enforcing laws and regulations.    

The main function of the power industry’s regulatory agency can be divided into two parts.  One is regulating the monopolistic activities of businesses; the other is regulating power market trade activities.  Regulatory functions can also be sub-classified into economic and social regulations.  Economic regulation involves ensuring fair and equitable power prices, access to the power market, and the quality of electricity and services.  Social regulation involves the enforcement of technical power generation standards, safety levels, environmental protection, and the development and effective utilization of clean energies.  The regulatory functions currently distributed among the different government agencies should be centralized, while the regulatory agency should be directed and authorized to administer the regulations in a uniform way. 

Specifically, the central government should authorize the regulatory agency with the authority to carry out the following functions.

(1) To regulate how power companies implement State laws or regulations regarding the power industry; to supervise the process of applying State energy policies, especially policies concerning the development of new types of energy.

(2) To formulate regulatory rules and standards and put forward proposals on legislation and policies; to devise specific regulatory rules for the power industry (in accordance with the related laws, policies, and regulations); to establish the operating rules for the power market (especially price competition rules and procedures) and a set of regulatory procedures; to submit their policy-making recommendations to government agencies and the legislative body. 

(3) To supervise the power sector reforms and to assess the impact of reform measures on businesses; to recommend proposals on further reforms and to overcome barriers.  (This task should be especially important during the reform process, but circumstances are always changing, requiring continued minor rule changes).

(4) To continually assess the power market and the effectiveness of existing regulations; to establish a licensing system for commercial power enterprises; to specify license-holders’ rights and duties; to review and issue licenses for power generation, transmission, distribution, and sales; to monitor compliance with the rules specified in licenses; and to produce sample contracts for (a) power purchase and sales and (b) power supply and usage.

(5) To maintain market order and to promote fair competition in the competitive segment; to regulate by law trading activities in the market; to publish market information; to supervise and regulate stock transfers and the restructuring and mergers of power companies; to assess the degree of market competition and the monopolistic status of power companies; to monitor and regulate collaborative attempts to manipulate market prices.  

(6) To regulate power prices and the financial plans of power businesses; to apply government-set charges to the monopolistic transmission and distribution segments and determine how to enforce the payment of these charges; to review and control the gradual market pricing of the competitive sectors (power generation and sales); to resolve the problem of rising consumer prices; to formulate accounting standards for power companies by following Ministry of Finance principles; to regulate the costs of power transmission and distribution and assess the appropriateness of those costs.  

(7) To regulate the access by power providers to power grids; to ensure that the transmission and distribution operators open their power grids and provide non-discriminatory and fair services to those that apply to use the grids. 

(8) To establish the standards and procedures for examining and approving power industry investment plans and to carry out the examination and approval of these plans (the criteria for regulation should conform with social policies). 

(9) To regulate power grid dispatching utilities and power trading centers; to work out and implement the principles and the procedures of power dispatching; to oversee the activities of power dispatching utilities in order that they be open and fair; to regulate power trading centers and ensure that necessary information is accessible, accurate, timely, and complete; to compile market statistics and provide information resources.  

(10)    To conduct research to project development trends for power supply and demand; to submit reports to relevant departments on anticipated changes for power industry planning.

(11)  To publish compulsory standards for technologies and services, and supervise their implementation.  The regulatory agency should be responsible for formulating technical and safety standards for the stable and secure operation of power grids and generating facilities, and supervise their implementation; to clarify the service responsibilities of power companies, to specify minimum service quality, and to supervise compliance.  

(12)   To coordinate market members and mediate power market disputes.

(13 )   To investigate and impose penalties for violations of power market laws, such as price discrimination or collaborating to manipulate prices; to investigate, hold hearings, and assess penalties for violations of laws or regulations.  

3.4 Preventing abuse by the regulators
Methods: 

1) To segregate policy-making and general planning from enforcement of the regulations

As already discussed, regulations are less subject to abuse if the functions of policy making are separated from enforcement of the regulations.

2) To ground on law the establishment of the regulatory agency, all of its regulating activities, and any reform to the regulatory system

In this way, the activities of the regulators can be limited.  China should establish the legal basis for regulating the power industry as rapidly as possible, according to the principles of unified planning and step-by-step implementation.  The revised version of the Electricity Law should be the core of the power industry laws, supported by other relevant laws (such as the Rules for Power Market Regulation, the Regulations on Power Market Operation, the Regulations on Price Management, the Regulations on Power Grid Dispatching Management, the Regulations on Administrating Licensing for Power Businesses, and the Rules for Power Sales through the Access to Power Grids by Competition).  With these laws in place, the regulatory agency will be legally authorized to fulfill its functions.

3) To establish an open and transparent regulatory process

Regulatory and policy-making procedures regarding the power industry should be transparent and open to the inspection of the public.  The public should be invited to participate in regulatory hearings held on a regular basis.  In addition, an advisory council should be established in which regulated companies, representative power users, and specialists are invited to participate in the regulatory process.  Finally, a set of rules for appealing administrative decisions and mediating administrative disputes must be established.

Chapter 2. 
Proposed Power Pricing Reform In China

Preface

In preparation for reforming the power industry, the central government launched six pilot projects at provincial electric power companies in 1997.  The pilot studies were to experiment with “separating power plants from power transmission and distribution networks and determining generation prices through bidding.” Electricity price reforms may have a huge impact on the electric power industry; after the power industry reforms, electricity prices may impact electricity production, transmission, distribution, and consumption.  Power reforms may also impact the national economy and people’s living standards.

This study is funded by the Energy Foundation and provides recommendations for China’s power pricing reform policy.  The best national and international experts available were consulted on this project and the conclusions of this report are based on both China’s unique circumstances and its specific needs.  

1. Objectives and constraints of power pricing reform in China

1.1 Objectives of power pricing reform

The objectives of power pricing reform are (1) to use market competition mechanisms to establish reasonable prices for electricity that fit with the power market model (the competitive wholesale market); (2) to formulate a generation, transmission, and distribution retail pricing system, that will promote power industry development; (3) to reduce the costs of power industry investment and operation; (4) to stimulate energy efficiency; and (5) to construct a powerful and efficient supervisory system.

· Generation prices: A competitive power market should be introduced to enable prices to be determined by market forces.  Once the government has established trading principles, generation, and retail pricing must be separated from the transmission and distribution network, leaving the generation price to be decided through market competition.  Economic and localized price signals should prompt generators to reduce their investment and operating costs, improving their efficiency.  Market competition should also lead to an increased variety of power generation sources. 

· Transmission and distribution (T&D) prices: Because T&D operations are monopolies, independent prices and efficient supervision institutions must be designed consistent with T&D operational requirements so as to promote reasonable network development.  Transmission prices should be government-supervised, fixed, and independent, and should reflect location-based cost differences.

· Retail prices: Retail prices should be primarily market-based, yet the government should supervise them.  In the competitive retail market, the retail price should be mainly based on consumer choice and supplier competition.  Most customers would participate in the competitive retail market.  However, the price for franchise (business) customers would remain under regulated prices. 

1.2 Constraints of power pricing reform 

The Chinese public favors a reduction in electricity prices, which puts pressure on pricing reforms.  However, the retail price share of transmission and distribution network costs is much lower than that which is needed for the sustainable development of the network.  

Once competition is introduced into the generation sector, prices paid to power producers should be determined by market competition.  Prices would increase or decrease according to the balance of power supply and demand (this is known as volatility).  But price volatility is not well received by the public, especially when power prices increase to unexpectedly high levels.

At present, catalogue prices—a published list of advertised prices issued by the State Development and Planning Commission—include favorable pricing policies for some special consumers.  When all consumers have the right to choose their electricity suppliers, those consumers who currently enjoy favorable prices will lose this benefit and will have to endure increased prices. 

2. Review of China’s present pricing system and its problems 

2.1 Present pricing system and price setting mechanisms

Current electricity prices in China take into account generation, retail, and inter-grid exchange prices.  The present electricity pricing system is illustrated in figure 1.

Figure 1 Present electricity pricing system

Generation prices

Currently, provincial power companies purchase power from independent power producers (IPPs), which include joint-venture power plants and investor-owned power plants.  Generation prices are determined on a plant-by-plant (and sometimes even on a unit-by-unit) basis.  Generation prices of power purchased from IPPs are based on the “new plant, new price” policy.  Under this policy, “capital cost-repayment prices” provide sufficient revenues for the repayment of loan capital and interest within a relatively short term, generally 10 years.  The central government approves the generation prices paid for power dispatched by provincial or higher-level power networks, while provincial governments approve generation prices paid by local power networks.  For power plants constructed before 1985 (totally funded by the central government) and power plants constructed between 1985 and 1992 (using subsidized government loans), there are no set generation prices.  Instead, the costs from these kinds of power plants are recovered through the catalogue prices set by the State Development and Planning Commission.  These costs only cover direct operating costs such as depreciation, labor, fuel, and maintenance, but they do not cover returns on investment or repayment of debt.

Retail prices and wholesale prices(Catalogue prices

The prices that retail consumers pay for electricity sold by provincial or independent wholesale distribution companies are called retail prices.  Retail prices in China are currently generally determined on a provincial basis and according to a catalogue pricing system.  Price adjustment rates are based on the company’s financial standing, fuel prices, and fuel shipment costs.  Usually, the provincial power company calculates and submits a price adjustment report to the State Development and Planning Commission, who decide whether to adopt or revise the price-adjustment plan prepared by the company. 

Wholesale prices (the prices paid by independent wholesale distribution companies for electricity sold by provincial companies) remain fixed at prices set by the State Development Planning Commission. 

The central government approves retail prices for both individual and wholesale customers served by provincial- or higher-level power networks.  Provincial governments approve retail prices for customers of independent power networks in rural areas.

The present pricing system is characterized by the following two traits: (1) The government endorses the independent price system of independent generators (which totals 60 percent of installed capacity), according to the policies of “one plant one price” or “one unit one price.”  In contrast, generators belonging to network owners (which total 40 percent of installed capacity), are unable to set independent prices.  (2) With the exception of small inter-grid lines that have an established transmission price, most T&D networks cannot independently determine the value of T&D; costs reflect the total operating costs of the network operators.  Therefore, technically the present pricing system in China has “one and a half prices”: one for the entire retail price and one half for the partial generation price. 
2.2 Review of present price levels

2.2.1 Generation prices

Generation prices are defined through power purchase contracts between IPPs and network operators.  Normally, the generation price is a single energy price, while the average utilization time of generators is defined in the power purchase contract.

At present, the average generation price of all power generators in China is about RMB 0.29/kWh.  The average generation price for generators built before 1985 is RMB 0.24/kWh, and RMB 0.33/kWh for generators built after 1985.  The average generation price of 62 generators, whose prices were approved in 1997, is 0.41/kWh, and the average price of 70 generators, whose prices were approved in 1999-2000, is 0.36/kWh.

2.2.2 Retail prices

At present, the retail price is determined by catalogue prices, outside funds and add-ons (such as described below).  Nation-wide outside funds and add-ons include the Power Construction Fund and the Three Gorges Project Construction Fund.  Such funds and add-ons, which were charged and controlled by the government for specific purposes, should eventually be eliminated.  Network enterprises can only collect revenue corresponding to relevant catalogue prices. 

Current catalogue prices are based on the “Electricity and Steam Price” policy, issued in 1976.  Although the policy has been revised several times, it has never been revised substantially.  Catalogue prices have the following characteristics:

· For pricing purposes, customers are categorized as individuals or industries.  Industries are then further categorized according to size and type. 

· Customers that use different voltage levels are charged different electricity rates.  Voltages include 220 kV, 110 kV, 35 kV, 1-10 kV, and below 1 kV; the higher the voltage, the lower the price.

· Two-part pricing only applies to large industrial customers (with transformer capacities over 315 kVA).  These two-part prices are adjusted according to load factors.

· Favorable prices apply to agriculture and some industrial customers.

· Seasonal, peak, and off-peak rates apply to large customers in some areas.

At present, the average catalogue price for the provincial power network is about RMB 0.39/kWh, of which transmission and distribution account for RMB 0.1/kWh.  Because of uneven economic development, different areas have different catalogue prices.  Generally, the catalogue price is lower in central and west China than in the south and east.

Here, the 1999 statistics from the Yunnan Electric Power Group Company (YEPGC) illustrate the retail and wholesale pricing system (see Tables 1 and 3).  In Yunnan Province, end-users are classified into eight categories, while wholesale consumers are classified into six.  Favorable prices are provided to State-financed and end-user administered institutions, calcium carbide and chemical fertilizer producers, agricultural drainage and irrigation services in poor counties, and residential cooking services. 

Table 2 indicates YEPGC’s 1999 average sale prices according to consumer categories.

Table 1  YEPGC´s catalogue prices for wholesale consumers in 1999

	Customer Category
	Unit RMB/kWh
	Power Construction Fund
	Three Gorges Construction Fund

	
	County Level
	Under County Level
	
	

	
	1-10 kV
	35 kV and Over
	1-10 kV
	35 kV and Over
	
	

	1.
Residential personal use
	0.260
	0.260
	0.280
	0.280
	0.020
	0.040

	2.
Non-residential personal use
	0.350
	0.350
	0.369
	0.369
	0.020
	0.040

	3.
Town and village enterprises
	0.272
	0.266
	0.280
	0.274
	0.020
	0.040

	Of which: chemical fertilizers under 315 kVA
	0.202
	0.198
	0.208
	0.204
	Exception
	0.040

	4.
Agriculture
	0.247
	0.236
	0.247
	0.236
	0.020
	0.040

	Of which: agricultural drainage and irrigation
	0.247
	0.236
	0.247
	0.236
	Exception
	Exception

	5.
Agricultural drainage and irrigation in poor counties
	0.141
	0.136
	0.141
	0.136
	Exception
	Exception

	6.
Common business
	0.408
	0.408
	0.408
	0.408
	0.020
	0.040


Table 2 YEPGC’s 1999 sale prices for retail consumer categories (excluding other funds)  (RMB/kWh)

	Consumer category
	1999

	1. Large industry
	0.2916

	2. Town and village enterprises
	0.3897

	3. Agriculture
	0.2734

	4. Irrigation in poor areas
	0.2031

	5. Commercial
	0.5579

	6. Residential
	0.3320

	7. Lighting
	0.4510

	8. Wholesale
	0.2547

	Average
	0.2914


Table 3  YEPGC´s 1999 catalogue prices for retail consumers 

	
	Energy tariff (RMB/kWh)
	 Basic tariff
	Power
	Three Gorges

	Customer category
	<1 kV
	1-10 kV
	35-110 kV
	110 kV

and over
	Max. Demand
	Transformer

Capacity
	Construction Fund
	Construction Fund

	
	
	
	
	
	RMB/kW/month
	RMB/kVA/month
	(RMB/kWh)
	(RMB/kWh)

	 1. Residential personal use
	0.340
	0.335
	0.335
	
	
	
	0.02
	0.004

	 2. Non-residential personal use
	0.447
	0.435
	0.437
	
	
	
	0.02
	0.004

	   Of which: administered by institutions financed by the State 
	0.380
	0.380
	0.380
	
	
	
	0.02
	0.004

	 3. Town and village enterprises
	0.381
	0.373
	0.363
	
	
	
	0.02
	0.004

	   Of which: chemical fertilizer under 315 kVA
	0.283
	0.278
	0.270
	
	
	
	Exception
	0.004

	 4. Large industries
	
	0.278
	0.276
	0.266
	15.00
	10.00
	0.02
	0.004

	Electricity consumed based on the quota before 

June 30, 1980
	
	
	
	
	
	
	
	

	     Electric furnace alloy iron and electric aluminum 
	
	0.277
	0.266
	0.256
	15.00
	10.00
	0.02
	0.004

	     Electric furnace yellow phosphorus, 

     Electrolytic caustic soda
	
	0.277
	0.266
	0.256
	15.00
	10.00
	0.02
	0.004

	     Calcium carbide
	
	0.267
	0.256
	0.246
	15.00
	10.00
	0.02
	0.004

	     Chemical fertilizer
	
	0.183
	0.175
	0.168
	15.00
	10.00
	Exception
	0.004

	    Additional electricity consumed after  June 30, 1980
	
	
	
	
	
	
	
	

	     Electric furnace alloy iron and electric aluminum 
	
	0.278
	0.276
	0.266
	15.00
	10.00
	0.02
	0.004

	
	Energy tariff (RMB/kWh)

 
	Basic tariff
	Power
	Three Gorges

	Customer category
	<1 kV
	1-10 kV
	35-110 kV
	110 kV

and over
	Max. Demand
	Transformer

Capacity
	Construction Fund
	Construction Fund

	
	
	
	
	
	RMB/kW/month
	RMB/kVA/month
	(RMB/kWh)
	(RMB/kWh)

	     Electric furnace yellow phosphorus, 

     Electrolytic caustic soda
	
	0.278
	0.276
	0.266
	15.00
	10.00
	0.02
	0.004

	     Calcium carbide
	
	0.277
	0.266
	0.256
	15.00
	10.00
	0.02
	0.004

	     Chemical fertilizer
	
	0.193
	0.185
	0.178
	15.00
	10.00
	Exception
	0.004

	 5. Agriculture
	0.317
	0.309
	0.296
	
	
	
	0.02
	0.004

	    Of which: agricultural drainage and irrigation
	0.317
	0.309
	0.296
	
	
	
	Exception
	Exception

	 6. Agricultural drainage and irrigation in poor counties
	0.185
	0.183
	0.180
	
	
	
	Exception
	Exception

	 7. Common business
	0.550
	0.550
	0.550
	
	
	
	0.02
	0.004

	 8. Residential cooking
	0.225
	0.225
	0.225
	
	
	
	0.02
	0.004


2.3 Main current electricity pricing problems 

2.3.1 Price setting mechanisms are not rational

According to present price regulations, plants built before 1985 are only permitted to retrieve their operating costs.  Aside from fuel and shipping costs, prices have hardly been adjusted over the past decade.  Old power plants are unable to fund technical innovations or facility upgrades, which undermines their ability to control pollution or improve energy efficiency.  At the same time, power plants built after 1985 are able to recover their investment and interest costs, which drives prices upwards. 

Since pollution control requirements are stricter for new power plants, their investment and O&M costs are much higher than those for old plants.  As a result, the generation price for new power plants is also much higher.  Old and new power plants therefore compete unfairly.  Consequently old power plants with lower generation prices generate more electricity and produce more pollution, while large, new power plants with higher generation prices produce less electricity.  Since the network sector has no independent prices, generation prices increase without being able to reasonably adjust catalogue prices.  With increased generation prices, revenue for network operators cannot be guaranteed.  Network companies are unable to invest enough money in the power network, and the T&D system remains bottlenecked, hampering the growth and development of China’s power industry.

2.3.2 Pricing regulations are not strictly enforced

Central and local governments regulate electricity prices under uniform policies.  However, since the policies regarding setting and regulating prices are not always clear, local governments and some power companies often violate price-setting regulations.  Based on a 1997 investigation of electricity prices, there was RMB 24 billion of unreasonable add-ons over the course of the year, equivalent to an increase of RMB 0.03 per kWh nation-wide.

Because prices are loosely regulated, retail prices in rural areas are much higher than catalogue prices.  This increases the burden for peasants.

2.3.3  Both retail price structures and retail price levels are unreasonable 

First, price structures do not reflect the usage load of its customers; customers are classified by their purpose of power usage (such as personal or industrial use) rather than by their load patterns.  Second, the two-part price applies only to large industries and the current capacity price share is too low.  Over the years, only the energy price has been adjusted, and for this reason, the proportion of costs covered by capacity prices has continued to decrease.  Third, seasonal, peak and off-peak prices have still not been implemented widely.  In areas where they have already been implemented, price differences between peak and off-peak hours are too small to effectively impact customer usage. 

At the retail level, the average price for large industrial customers is above the cost of serving those customers.  As a result, large industrial customers subsidize other customers.  Meanwhile, differences between prices at every voltage level are too small to reflect the real cost differences involved in supplying them. 

In summary, neither the electricity pricing mechanisms, nor the pricing structure provide the incentives or economic signals necessary to prompt personal or industrial investment in energy efficiency.  For this reason, pricing reform must go hand in hand with reforming the power industry.

3. Guidelines for price reform

3.1 Models of power market and sector reform 

Price reform should compliment power sector reform.  However, before we begin to discuss price reforms, we must understand the structure of the power sector and market.  The goals of power sector reform are to remove monopolies, to introduce competition, and to set up a competitive market.  As the power sector undergoes reform, the power market will increasingly rely on market structures, trading principles, and pricing methodologies. 

According to successful experiences of international power sector reform, power sector transmission, distribution, and retail sales should all be separated.  Both generation and retail sector competition should then be introduced into a competitive market system that is based on current provincial or regional grid systems.

Transition from a vertically integrated industry to a competitive and deregulated industry will be a long and complicated process.  For this reason, power sector reforms in China should be implemented one-step at a time.  The process should be divided into three phases: 

Phase1 Separate power plants from transmission grids, establish transmission companies, and construct a competitive generation market; 

Phase 2 Separate distribution from transmission, provide transmission networks open access to the market, establish distribution companies with retail functions, construct competitive wholesale markets, and permit distribution companies and large consumers to either buy electricity from the competitive market or directly from power producers; 

Phase 3 Separate retail sales from distribution, provide open access to the distribution network, establish independent retailers, construct competitive retail markets, and permit all end-users to choose any retailer or power supplier in the market.  

IPPs, independent retailers, and competitive customers should all be involved in competitive markets, which could contain bilateral contract markets, spot markets, or balance markets.  The transmission corporations—in charge of market operations and systems dispatching—should provide transmission services, while the distribution companies should provide distribution service.

3.1.1 Bilateral contract markets

A bilateral contract is a power supply contract (long- or short-term) in which suppliers and users directly reach an agreement about prices, and under which both sides can reduce the risks of price fluctuation in a spot market.  The price for a bilateral contract should be negotiated and decided by both sides.  To fulfill the contract, suppliers and users must pay for the transmission and distribution services when they use the T&D network. 

Long-term contracts refer to contracts whose duration is greater than one year.  Such contracts should include information about the total energy to be supplied; the maximum and minimum load for every hour and every month; energy prices; power quality; and loss, settlement and performance penalties.

Short-term contracts refer to contracts whose durations exceed one day but fall short of a year.  These contracts should include information about total energy usage; load curves; energy prices; power quality; and loss, settlement, and performance penalties.

A major part of the power market would depend on the bilateral contract system. 

3.1.2 Spot markets

A spot market is a market in which electricity is bought and sold the day before it is produced and consumed.  The contents of offer (or bid) in spot markets include information about suggested quantity, quality, and price from both buyers and sellers.  A system price—which becomes the final settlement price— can be calculated by gathering and balancing all offers and bids.  The spot market price can serve as a reference for the bilateral contract market.

As a supplement to the bilateral contract market, spot markets can adjust the balance between consumption and supply in the bilateral market. 

3.1.3 Balance markets

A balance market is a means of balancing generation with consumption in real time operations.  Suppliers are compensated the difference between planned generation (supply) and actual generation (consumption), using the balance market pricing system.

Generally, the balance market compensates for the uncertain factors involved in real time systems operations.

3.2 Pricing system for the object market model

The pricing system should be designed according to the power market structure and market rules.  Considering the framework of market structures and rules, the pricing system in a retail competitive market should include the following:

· Generation price: This would include the contract price in the bilateral contract market, and the system clearing prices in both the spot and the balance markets.
· Transmission and distribution prices: This would include the connection charge for transmission network services (paid by connected plants and large customers), the transmission network charge (paid by connected plants, large customers, and retailers), the connection charge for the distribution network (paid by connected plants and large customers), and the distribution network charge (paid by connected plants, large customers, and retailers).  The above T&D pricing structure would allow the system to reflect power supply costs and loads in different locations.  A reasonable T&D pricing structure could offer economic and local benefits, which could serve to minimize the total supply system costs.  At the same time, power plants could compete in the market on an even playing field.
· Sale prices to retail customers: This would include prices for competitive and franchise customers.
3.3 Tariff setting mechanisms for the object-market model

3.3.1 Generation prices

Bilateral contract prices 

IPPs and competitive customers or retailers would generally sign bilateral contracts.  The pricing in bilateral contracts would be decided through bilateral negotiations.  The T&D network would be used to fulfill the deal, so the supplier and users would have to pay for transmission and distribution services, which could be included within the contract.  The contract should also take into account the taxes power producers incur for environmental protection, as well as emission subsidies.  

Offers and bids delivered to the power exchange center would be analyzed according to offers from sellers and bids from buyers.  If there were no constraints in the transmission network, the system settlement price at regular time periods would be calculated by balancing offers and bids.  If there were constraints caused by the transmission network, the whole network—according to the location of the congestion—would be divided into several bidding zones.  In this situation, the system price for each independent zone would be calculated using the same method as for the no-constraint condition, except that a capacity fee would be added.  The final settlement price for different bid zones would be calculated by adding or subtracting a capacity fee on each zonal system price. 

The price offered by the power generator should take into account network charges, environmental protection taxes, and emission subsidies. 

System clearing prices of balance market

Power generators who are able to quickly alter their power supplies, and customers who have inconsistent power requirements under special circumstances, could make offers to the power exchange system’s dispatch center.  Generators’ bids should again take into account environmental protection taxes and emission subsidies.  In real time operation, the dispatch center would attempt to fill the gap between total system supply and demand.  The generators’ or customers’ highest bid would be deemed the systems balance price, at which all unbalanced supply and demand would be charged.  The balance market allows power generation to exist within a competitive system, which decreases overall system costs. 

3.3.2 Transmission and distribution prices

The principles for transmission and distribution pricing 

T&D operations are monopolies, and as a result, the government should regulate T & D prices.  The regulation of prices should be based on the following principles:

(1) The government should be responsible for ensuring the healthy development of the T&D network by compensating production costs and allowing power generators to secure reasonable profits.  Government-approved prices should take into account the reasonable operating costs of the network without allowing profit margins to increase above an acceptable level.  They should also provide an opportunity for firms to recover the costs of investments that improve efficiency.  Such regulation principles would encourage investments in network efficiency, meet the technical criteria and meet the needs of the power market.

(2) Two crucial factors must be considered when establishing T&D prices: customers should be dealt with fairly, and power generation prices should reflect resource utilization efficiency.  First, customer network utilization must be considered to ensure that both the total cost of the network is fairly allocated among customers, and that all plants have fair access to the power market.  Second, the impact on network costs of different load and power plant locations must be considered to reflect supply and demand distribution.  Under this design, both power generators and power consumers would be charged transmission and distribution prices set according to location and voltage levels.

Regulation of T&D revenues

Governments usually regulate the revenue of network operators in two manners: by regulating the rate of return (RoR) or by using a performance-based regulation (PBR).

The rate of return regulation is sometimes also called a cost-plus regulation, since the revenues includes reasonable costs, plus an allowed return on capital.  Generally RoR revenue is reviewed each year according to the following formula:

RR = ( RB ( RoR ) + D + O&M + T
Where RR
= 
revenue requirement for the network business

RB
= 
rate base for the network business

RoR
=
allowable rate of return

D
=
annual depreciation
O&M
=
annual operation and maintenance costs
T

=
expected business income tax payable
Under this framework, costs could be prudently incurred and the required service standard could be met. 

In performance-based regulation, governments generally do not audit firms’ costs and profits regularly.  Instead, they endorse a floating range of prices and revenues, computed as a function of the previous year's prices and revenues.  They determine the floating range by considering both anticipated inflation rates and efficiency increases.  Performance based regulation mainly includes price- and revenue-cap regulations.

For price-cap regulation, the regulator sets the price at the beginning of each year to be applied during the regulation period.  The price is then adjusted according to both factors of efficiency and the retail price index (RPI) or commodity price index (CPI).

For revenue cap regulation, the regulator uses a rolling-forward method to determine the maximum allowed revenue (MAR).  In calculating MAR, the unadjusted revenue allowance is first determined, and then the CPI is factored in accordingly.  The MAR is set each year during the network regulation period and is used to determine network prices. 

MAR can be determined with the following formula:

MAR
=
return on capital + return of capital + opex + tax 


=
(WACC x WDV) + D + opex + tax 

where:
WACC
=
post-tax nominal weighted average cost of capital


WDV
=
written down (depreciated) value of the asset base


D
=
depreciation


opex
=
operating and maintenance expenditure


tax
=
expected business income tax payable
The RoR approach has three advantages: (1) risks are lower because regulators guarantee the recovery of costs plus a reasonable return on capital, (2) the regulation framework provides the network operator with incentives to reduce costs, and (3) RoR allows easy implementation of various social objectives.  However there are two disadvantages of RoR: (1) network enterprises may not pay attention to the cost reduction in the long-run, and (2) once the allowed RoR is lower than the actual cost of capital, network operators may stop their investments in network expansion.  

The PBR approach also has advantages and disadvantages.  Its main two advantages are that (1) it encourages network operators to reduce costs through efficiency and (2) it reduces management costs since regulation is based on a 3-5 year regulatory period.  However, PBR has three major disadvantages: (1) it requires significant information research, (2) a reasonable efficiency level is difficult to set, and (3) for price cap regulation, a baseline price must also be established. 

From the discussion above, it is evident that while there are no substantial differences between RoR and PBR, the main disparity is that efficiency and CPI adjustment mechanisms are factored into PBR.  In terms of PBR, both price- and revenue-cap approaches encourage firms to improve their efficiency, but revenue-caps are superior because they encourage firms to reduce unnecessary output as well as encouraging the customers’ end-use efficiency.

Since the power network in China is currently weak and under rapid development, we believes that network development is crucial and that RoR is suitable for regulating the revenue of China’s network enterprises.  PBR may also be suitable for promoting efficiency in network operations.

Transmission and distribution network rates

Network companies should charge customers for transmission and distribution network usage so that they can obtain a reasonable profit over and above recovering network investment and operation costs.  A transmission network usage charge could be levied on power plants, retailers, and large end-users connected to the transmission grid.  The rate for grid usage could be calculated in three ways: by using (1) a line-by-line method, (2) an investment cost-related pricing method, and (3) a postage stamp method.  If the postage stamp method were used, the rate would be set according to location, voltage level, and distribution network charges.

3.3.3 End-user prices

Under the above proposal, retailers and customers could buy electricity through bilateral contracts, spot, or balance markets.  Prices on these markets would vary, whereas prices for franchise customers would remain uniform.

· Prices for customers who purchase electricity in the competitive generation market (competitive customers).

Whether a competitive customer were to purchase electricity through IPPs, retailers, spot, or balance markets, prices would include bilateral contract costs, purchase prices for spot markets, settlement prices for balance markets, and transmission and distribution (if using the distribution network) prices.  The government would regulate both transmission and distribution prices. 

· Prices for franchised customers

In a competitive market, franchised customers are those who have not yet changed into competitive customers or who do not wish to.  Franchised retailers could supply their electricity at a levied price, specifically for franchised customers.  The government would regulate electricity prices for franchised customers through a price cap, which would take into account both energy and T&D costs.  

3.4 In a competitive environment, pricing mechanisms should promote the use of renewable energy 

At present, generation prices from renewable energy sources (especially wind power) are much higher than from traditional energy sources.  For example, the State Development and Planning Commission issued a generation price for a wind station in Inner Mongolia at RMB 1.047/kWh, including tax.  This price is almost three times the price of thermal power in the area.  According to forecasts, the generation price for wind power in southern China may be RMB 0.61/kWh in 2001-2005 and RMB 0.49/kWh in 2006-2010.  Such prices are likely to remain considerably above generation prices for thermal power in the same time periods.  As a result, and in order to promote the use of renewable energy in a competitive environment, special pricing policies need to be implemented.

3.4.1 Price mechanisms in the transition period

During the period of transition to a market economy, the electricity market may continue to have only one buyer.  As before, the energy produced by IPPs might be sold to the T&D network at government-determined prices.  In this period, energy produced by renewable sources could also be sold to the network on a contract basis.  Again, the price could be government-determined, taking into consideration construction investments and other key factors (such as wind conditions). 

3.4.2 Pricing mechanisms in the retail competition period

Once retail competition has been established, power—from all energy sources—should be sold through competition.  In this competitive environment, a systems benefit charge (SBC) could be used to promote the development of renewable energy resources in the power system, enabling these sources to compete in the market.  Based on the standard cost of each type of renewable energy source, the government could annually review unrecoverable costs (i.e., costs not recovered through market price or subsidy standards).  The unrecovered costs could then be calculated as a percentage of the total energy consumed (to determine an SBC per kWh) and added on as a surcharge that could then be used to further subsidize renewable energy. 

4. Issues regarding price setting mechanisms in the transition period 

4.1 Necessity of a study on price setting mechanisms in the transition period

To reiterate, pricing reforms are crucial to power industry reform.  According to both national and international experiences, an electric power market should be established step by step and a transition period is essential before the desired market model can be attained.  The goals of the transition period should be to provide a fair base for competition and to establish a stable power system.  Price setting mechanisms during this transition period are critical to a smooth transition towards a successful market economy. 

4.2 Market models for the transition period
Many power-market models could be applied during the transition period.  Potential models include both the single-buyer and the wholesale competition models, which are discussed here in regards to price setting mechanisms.

In a single-buyers market, power generation and retail sales would be separated.  Power producers would have to start competing with each other to sell electricity to network operators, while network operators would have to start competing in the retail sphere, selling electricity to end-users.  In a wholesale competitive market, distribution would also be separated from transmission.  Large consumers would be able to either buy electricity through the wholesale market, or through the distribution companies who would be responsible for selling electricity to end-users.

4.3 Methods to ensure fair competition in power generation during the transition period 

The ability to successfully establish competition in power generation will mainly depend on two factors: first, on reasonable market structures with rational rules; second, on a relatively fair competition base for each independent power producer.  To enable IPPs to compete at relatively similar levels, any of the three following approaches could be adopted: power generation could be restructured, a competition transition charge (CTC) could be implemented, or partial price bidding could be adopted.

Power generation restructuring  

Currently, costs and emissions between power generators vary substantially.  For this reason, the goal of restructuring power generation should be to establish new, relatively competitive independent power producers.  New IPPs could directly enter into a competitive power market, and the generation price would be decided by price bidding as well as by the contract market. 

There are two possible schemes for the restructuring of power producers.  The first is to combine new and old plants to form new IPPs.  This would involve both reassigning assets and re-capitalizing both new and old power plants.  The second possibility is to combine different types of generators (such as hydro and thermal, or peak and off-peak) to form new IPPs.  The reforms should take into consideration market concentrations of IPPs after restructuring because excess market shares could lead to new monopolies.  New monopolies would decrease market competition, which could result in price increases.  Such restructuring would allow producers with histories of problematic accounting to be resolved quickly.  However, despite the benefits of this scheme, there are a couple of shortcomings: (1) merging companies together can be quite a difficult task, and (2) because reform depends largely on government assets (although private and foreign capital might also be used), the implementation of generation restructuring will mainly depend on the State's resolve to reform the electric power industry. 

Competition transition charges (CTC)

Some power plants selling electricity in a competitive market system would be unable to retrieve all their investment costs or repay loans to investors (these deficits are known as stranded costs).  Such problems in power market reform are not unique to China; a similar situation occurred in California, USA, when independent generators had to compete in a power market with a single energy price.  During a defined transitional period, U.S. customers paid stranded costs (checked by state auditors), the costs of which were distributed among all consumers through a competition transition charge (CTC)–an unavoidable charge on sales.  China must find a similar solution to ensure that IPPs can repay their loans during the transitional period. 

California’s experience could be used as a reference for China.  Every power plant could be required to compete in the power market with a single energy price.  The government could then check and approve the stranded costs of each plant, based on market prices.  Then, over the transition period (which might last 3 to 5 years), stranded costs could be recovered through energy sales.  This would not only allow power producers to repay their loans, but it would also allow IPPs to fully enter the competitive market.

Partial competition

So-called “partial competition” allows IPPs to compete relatively fairly in a transitional phase.  Partial competition can occur either in a dual-track price system, or in a two-part price system.

In a dual-track price system, IPP-produced energy would be divided into two portions. A portion would be sold on the free market, where price would be determined through market competition, while the other portion would be sold at a set government-approved price.  The government-set price would be set on a case-to-case basis, taking into account each plant’s accounting history, ability to compete, and an assessment of reasonable cost and profit.  The market price would be determined through competition and the proportion of energy sold on the market could be increased annually. 

The two-part price system would involve calculating both capacity and energy prices.  The capacity price—controlled by the government—would reflect the fixed costs of each plant.  The energy price—determined through market competition—would reflect operating costs.  The energy price proportion could steadily increase year by year, while the capacity price could steadily decrease. 

4.4 Generation prices in the transition period 

In the single-buyer market, there is only one buyer, the grid operator.  In contrast, and as described above, the generation price under the dual-track price system would be determined by partial competition.  As a result, a portion of energy determined by the government on a plant-by-plant basis would be sold to grid operators under contract.  The other portion would be sold to the transmission companies at a price determined by the marginal unit. 

After the transition period and once a competitive wholesale power market has been established, there should be many sellers and buyers.  By then transmission and distribution should have been separated, and distribution and generation companies should have been formed.  Stranded costs should have been eradicated so that fair competition could ensue.  Under fair conditions, a non-compulsory power market could be set up, made up of the bilateral contracts, the spot market, and the balance markets.  The generation price-setting mechanisms would be similar to that of the competitive retail period.

4.5 T&D prices in the transition period

Supervision

In the single-buyer market, T&D companies could adopt a cost-plus method of determining profit margins.  Profits could be determined by the weighted average of capital costs (WACC), based on network assets.  A profit rate could be determined according to the social rate of return.

Price setting mechanisms 

In a competitive power market, the transmission, distribution, and sale of energy should be integrated into a single-buyer mode.  Therefore, independent T&D prices need not be established.  The integrated cost of the network should be approved according to voltage levels, which affect service costs.  These costs should be recovered through retail prices. 

In a wholesale power market, network transmission prices should be independently approved.  Network prices—levied on power plants, retailers, and large long-term customers connected to the T&D networks—should include connection and use of network charges.  According to each network’s circumstances, use-of-network charges could be calculated using the postage stamp, power flow (energy), or MW-km method.  

4.6 Retail prices in the transition period

In a single-buyer market, where customers have no right to choose their suppliers, network operators exclusively supply electricity to all customers at government-approved prices.  The key to successful price reform is to customize the price structure according to customer load characteristics, constructing new prices on the principles of reflecting T&D costs and taking into account reasonable end-user burdens.  The restructured power market needs to set up a special account to balance price differences between expected and real clearing prices in the spot market.  This should ensure that end-users are able to afford electricity and should reduce business risks for network companies.  In addition, retail prices should be adjusted regularly on a monthly or seasonal basis.

When the competitive wholesale market has been established, most large customers should be able to buy electricity through bilateral contracts, or on the spot and balance markets.  Prices should include costs for bilateral contracts, purchase prices for the spot market, settlement prices for the balance market, and transmission and distribution prices (if the distribution network is used).  The price-setting mechanism would be similar to that of the competitive retail period. 

5. Summary of policy recommendations on pricing reform

The policy recommendations for pricing reform in the market model and transition periods are presented separately in Tables 4 and 5. 

Table 4 Policy recommendations for market model pricing reforms

	Area of reform 
	Policy recommendations

	1. Generation prices
	1. Prices should be determined through contract prices in contract markets, and system-clearing prices in spot and balance markets.

2. Contract prices should be reached after negotiations between suppliers and consumers in contract markets.

3. Spot market clearing prices should be determined through supplier and consumer bidding. 

4. Balance market clearing prices should be determined by assessing the marginal costs of generating units in balance market bids.

5. Power plants that do not meet emission standards should pay an environmental protection tax; power plants that meet emission standards should receive subsidies. Alternatively, all generators could be required to meet output-based emission standards.  Cap-and-trade programs could also be implemented.

	2. Network prices
	1. “Price caps” or preferably “revenue caps” could serve to regulate network businesses.

2. Network prices should include usage rates and connection charges. 

3. Power plants should pay connection charges.

4. Use-of-network charges could be determined by a cost-related pricing method that splits costs between power plants and consumers.

	3. Sales prices
	1. Regulated network prices and deregulated generation prices should both determine prices for competitive customers.  

2. A revenue cap should regulate prices for franchise customers.

	4.Renewable energy
	1. Renewable energy sources should compete in the market.
2. System-benefit charges should be levied on all electricity consumption, including self-generated power.

3. Energy produced by renewable energy sources should be subsidized according to the amount of renewable energy produced as a proportion of total energy sold.  Renewable portfolio standards could also be implemented.


Table 5  Policy recommendations for transition period pricing reforms

	Area of Reform 
	Policy recommendations

	1. Generation prices
	1. Prices should be determined through contract and system clearing prices in the spot market.

2. Contract prices should be determined by the government on a plant-by-plant basis or by standard costs.

3. The marginal unit, according to bidding prices, should determine spot-market clearing prices.  

4. In order to speed up the transition procedure competition transition charges should be applied.  

	2. Network prices
	1. “Cost-plus” should be used as the revenue regulation pattern of network businesses.

2. Independent network prices should not yet exist.  Network costs should therefore be recovered through sales prices.

	3. Sales prices
	1. Catalogue prices (regulated by a regulatory body) should apply to all users. 

2. The prices for large energy users should be determined by the generation and transmission prices.

3. The retail price should be connected with the generation price of a certain period, so that consumers will respond to price changes.  

	4.Renewable energy
	1. Power plants with renewable energy resources should not compete in the market.
2. Generation prices should be determined by standard costs.


Chapter 3.  Reforms and Environmental Protection

in the Power Sector

Abstract

The power sector (especially coal burning plants) currently emits large quantities of SO2, NOX, and dust particles.  These pollutants have had a significant impact on crops, buildings, and human health, which has resulted in considerable economic loss.  SO2 pollution in China, for example, has caused damages amounting to RMB 5,000-10,000/kg of SO2.


The power sector is currently undergoing a series of reforms to enable it to meet the requirements of China’s economic development.  Reforming the electric power industry offers an excellent opportunity to reform environmental laws and requirements affecting the industry.  Making the needed environmental reforms is significantly easier now, rather than after the industry has been restructured. 


China has practiced environmental management and pollution prevention in the power sector for nearly 30 years.  During this time, the sector has formed a relatively good set of environmental management regulations comprised of policies, rules, emission standards, managerial methods, and provisions.  However, with the planned reform of the power sector and the continuing development of environmental-management methods, present management regulations need updating and improving. 


We propose that the government (1) establish a regulatory body that will incorporate environmental concerns into utility reform, (2) set pollution limits for the power sector and ensure these limits are enforced through strict enforcement, and (3) develop and install pollution control policies.  These measures can work to both protect the environment and encourage economic development: ideal strategies for sustainable growth.

Experts are currently studying technologies for the prevention and control of SO2 emissions in China.  Approaches include the processing of raw coal by washing, fluidized bed technologies, and various flue gas desulfurization technologies.  However, China has so far only applied these on a small scale and urgently needs to increase its ability to develop desulfurization technologies and manufacture the necessary equipment.


China’s current reform involves the deregulation of large, monopolistic, state power corporations.  This requires the separation of government from private enterprises, so that each power enterprise becomes a corporate body.  These reforms will inevitably have an impact on the environment.  With planning, the reforms can enhance environmental protection. 


Separation of power generation companies from electricity transmission and distribution utilities can promote competition among power plants, increase the energy utilization efficiency, and reduce pollution intensity.  However, economic development may still lead to an increase in the total emissions load. 

Reforming the pricing structure for electricity should strengthen market functions, which may result in lower power prices for transmission and distribution enterprises as well as end-use customers.  However, without fines for (or taxes on) environmental pollution, power companies are likely to ignore the environment so that they can provide power at the lowest costs.  The government should therefore introduce surcharges to ensure that power prices cover environmental costs.  The government should also introduce and enforce other methods of pollution control, such as discharge permit trading.

Sustainable development policies in the power sector currently include green pricing, generation performance standards-(GPS-)based pollution controls, the development of clean and renewable energy, and industrial environmental protection policies.  Emissions trading policies and GPS are competitively neutral, insofar as they “internalize” the environmental (clean-up) costs of electricity.  While these sustainable development policies are commendable, enforcement is imperative to ensure the double benefits of economic development and environmental protection.  

1. Impacts of the power sector on the environment

The power industry is fundamental to China’s national economy and has developed rapidly over the past few years, successfully balancing the country’s power demand with supply.  Yet developments in the power industry have also led to increased environmental deterioration.  Coal combustion—responsible for SO2 emissions that cause acid rain—is China’s primary power source, and thermal power plants are coal’s biggest customers.  In 1999, emissions of SO2 from China’s thermal power plants accounted for 43.6 percent of the country’s total SO2 emissions.  NOx and dust emissions from coal-fired power plants are also key pollutants that contribute to China’s greenhouse gas problems.

Emissions from the power industry have not only led to huge economic losses, but have also had a significant impact on farming, forestry, buildings, and human health.  Since thermal power plants are the cause of such a large percentage of pollution, they should be a primary focus of China’s pollution control efforts. 

1.1 Changes in power industry emissions

1.1.1 Overview of changes

Both installed power generation capacity and total power output have increased remarkably over the past twenty years.  Installed power generation capacity and total power output in 2000 reached 315 GW and 1.655 TWh, respectively (Achievements of The Ninth Five-Year Plan, 2000).  China has created two key transmission networks that operate at 500 kV and 330 kV, and there are nearly 70 power plants with capacities of over 1 GW.  The problem of power supply not meeting demand was basically resolved in 1997 across the country. Fig. 1 shows changes in China’s power output over the last 20 years.
Fig 1. China’s Power Output Changes (1980~1999) 

 
Source: China Statistical Yearbook, 1992~2000 (annual publication), China State Statistics Bureau.

With a balance between power supply and demand achieved, the power industry is able to focus on product quality, economic efficiency, and technical upgrades.  The power industry currently has an integrated network and a highly automated, unified power grid for the whole country with high voltage lines linking large power plants, supported by large machine shops and a high level of automation.

 1.1.2 Power sources and generation efficiency
Coal, petroleum, natural gas, and hydropower accounted for 67.1 percent, 23.4 percent, 2.8 percent, and 6.7 percent, respectively of China’s energy consumption in 1999.  China’s consumption of coal accounts for 27.9 percent of the total global use of coal.  Since coal plays such an important role in China’s power market, it will probably be difficult to alter the status of coal as China’s main fuel source in the short term.  However, greater efficiency of coal usage can be achieved.  The net thermal efficiency of coal is low when consumed directly in industrial boilers or through personal use.  However, power generators can transform direct coal combustion into electricity, which is a cleaner and more efficient process.  Coal used for power generation in China pollutes 33 percent less than directly consumed coal (HUANG, 2000).  However, this level is far below the coal to electric power conversion ratio of about 80 percent in developed countries.

In recent years, China has improved its diversification of power sources.  While thermal power generation has increased, hydropower, nuclear, renewable, and other new energy sources—which are more environmental-friendly—have contributed a greater share.  The installed capacity of hydropower in China grew from 36 GW in 1990 to 70 GW in 1998, an increase of 81 percent.  China’s hydropower capacity now ranks third in the world.  Additionally, while China recently had no nuclear power at all, installed nuclear power capacity now exceeds 2 GW, which accounts for more than 1 percent of China’s total installed capacity.  An additional 6 GW of installed nuclear capacity is under construction.  Progress has also been made in other types of power generation, such as wind, geothermal, tidal, and solar power.

With economic development and technological improvements, China has lowered its energy consumption per gross domestic product (GDP).  The energy consumption per 10 thousand GDP was 3.5 MWh in 1990.  This was lowered to 1.4 MWh in 1998 (China Power Yearbook, 1999).  China has an energy output efficiency of 69 MJ/U.S.$, in contrast to the members of G7 (the world’s most efficient industries), that average 11.7 MJ/U.S.$.  Hence, China’s energy consumption per unit output is almost six times that of the countries in G7 (Sustainable Development Research Team, Chinese Science Academy, 2000).  Similarly, there is a large gap between the efficiency of China’s industrial instruments and that of developed countries.  For example, China’s thermal power technologies are 6-10 percent less efficient than those of developed countries, while the efficiencies of industrial kilns and blower fans are 30-40 percent lower.

Thermal power accounts for 75 percent of China’s power generating sets.  Medium and small sized units make up a relatively high proportion.  By the end of 1998, small generators (with a capacity under 200 MW) with high levels of energy consumption accounted for 64.8 percent of the thermal power generating sets.  Those under 100 MW accounted for 27.9 percent (based on statistics from China Power Yearbook, 1999).  Since the 1990s, the technical standards of the power industry have gradually improved.  To save energy and reduce consumption, China has developed large power generating sets and modified existing ones.  Many generation sets with medium and low voltages, that produced large volumes of pollution and consumed disproportionate amounts of energy, were replaced with generators with high voltages and large capacities.  All of these steps have reduced China’s consumption of standard coal in coal-burning power plants from 431 g/kWh in 1985 to 404 g/kWh in 1998.  However, the proportion of small generators remains high, so that China’s standard coal consumption is still 60-70 g per kWh higher than that of more advanced countries. 

China’s current mix of energy and power sources is largely to blame for the severity of China’s air pollution and ecological deterioration.  Therefore, energy saving and conservation technologies need further updating: the government should develop and strengthen the use of hydro and nuclear power, new and renewable energy, and clean coal technologies.  “Green” energy power plants are under construction, and the proportion of green power generation is increasing.  The expansion of green power has improved the mix of China’s power sources and reduced the emissions from coal-burning power generators.  Green power is strategically significant for both increasing the security of our energy supplies and improving the quality of the environment.

1.2  Main types of pollution emissions
1.2.1 Dust

The coal used for power generation in China has a high ash content, 28 percent on average, and is difficult to treat.  Improved de-dusting technologies in recent years have resulted in an increase in the use of electric de-dusters and high efficiency wet de-dusters.  In 1997, 85 percent of China’s coal generation plants used de-dusters, with an average de-dusting efficiency of over 97 percent.  This has helped to bring dust emissions from thermal power plants under control.

While the installed thermal power capacity increased rapidly between 1980 and 1998, dust emissions remained almost unchanged.  During this time, power plants concentrated on dust removal—a relatively cheap and simple process.  Since 1990, thermal power plants have brought dust emissions under control, with total emissions in the range of 4 million tons/year.  There was a particularly sharp decline in 1998, when the emission level came down to 3.3 million tons (See Fig. 2). 

1.2.2 SO2 and acid rain

As the number of China’s coal-burning power plants continues to increase, SO2 emissions increase.  In 1997, the concentration of SO2 in 47 Chinese cities had exceeded the central government’s recommended Grade II standard.  Acid rain has appeared in 82 percent of China’s cities and has reached 30 percent of the country’s area.

Reports indicate that the power sector has not effectively controlled SO2 pollution; total SO2 emissions have increased from 16 mega tons (MT) in 1990 to 21 MT in 1998, in conjunction with increases in installed power generation capacity (See Fig. 2) (China Environment Yearbook, 1999).  Thermal power plants are responsible for 40 percent of China’s SO2 emissions.  For example, the total industrial sector SO2 emissions in China amounted to 18.5 MT in 1997.  In that same year, thermal power plants with capacities of 6 MW or more emitted 7 MT, which accounted for 38 percent of total emissions from the industrial sector. 

In August 2000, the State Environmental Protection Administration (SEPA) circulated a report on the progress in the Acid Rain and SO2 Control Zones (also known as the “Two Control Zones”) and publicized a list of 40 thermal power plants that had not complied with emissions standards, each emitting more than 5,000 tons of SO2 per annum.  At the same time, SEPA pointed out that, among the 175 regions and cities within the “Two Control Zones,” there were 7 cities where the average pH value of precipitation during the first two seasons of the year was lower than 4.5, and 12 cities where the frequency of acid rain was over 80 percent. 

The government has actively worked to reduce SO2 emissions, and its efforts have led to the increased use of coal treatment, washing, and desulfurization equipment.  The efficiency of China’s coal usage is improving.  In 1996, 91.8 percent of the coal used by thermal power plants with capacities of more than 6 MW had medium or low sulfur content (<2 percent).  Low sulfur coal (<1 percent)—which is less damaging to the environment—accounted for about 56.4 percent of the coal used by these plants.  Fig.2 illustrates that SO2 emissions from thermal power plants with capacities of >6 MW, have not increased in direct proportion to installed capacity, demonstrating that SO2 emissions per unit of power have decreased. 


(Statistics based on generation sets with capacities of 6 MW and above, which were directly under the control of the former Ministry of the Power Industry)
1.2.3 NOX
Coal-burning power plants are responsible for producing 80 percent of China’s total NOX emissions (YANG, 1998).  Yet before 1997, the control of NOX emissions was largely ignored in favor of controlling SO2 emissions, which were double that of NOx.  However, in January 1997, limits on NOx levels were included in national emission standards for newly-built, large-scale coal-burning power plants.  The capacity of most new units, established in the period of the Eighth Five-Year-Plan, is 3 MW.  All of these units employ low hydroxide concentration combustion methods. In addition, new large-capacity generators are fitted with combustion equipment for lowering NOX emission levels.  Although NOX emission standards are only a relatively recent development in China, they are proving effective.

While the power industry has successfully reduced NOx emissions, it will take some time before they are adequately controlled.  In some cities the concentrations of NOx have continued to increase, and cities such as Beijing, Guangzhou, Urumqi, and Anshan have frequently exceeded the Grade II state standards for NOx emissions. 

1.2.4 CO2

CO2 is a greenhouse gas and the major cause of global warming.  China’s energy consumption per capita is relatively low compared to the rest of the world, yet, the total amount of energy consumed is vast because not only does coal dominate China’s fuel mix, but also the Chinese population is huge.  On a global scale, China’s emissions of CO2 could cause devastating impacts, especially if per capita energy consumption rises without a reduction of the CO2 emission per unit of generated energy. 

In 1990, China’s CO2 emissions amounted to 600 MT/year (480 MT of which resulted from coal burning).  Of the CO2 emissions from coal burning, power generators emitted 120 MT (26 percent of the total) (data from studies of CO2 emissions and control policies during the Eighth and Ninth Five-Year-Plans).  In 1998, China’s total CO2 emissions from coal combustion reached 730 MT, making China the biggest CO2 emitter in the world. 

Although CO2 emission controls in China have a long way to go, the government is actively trying to reduce CO2 in two ways: First, through the advancement of coal-burning technologies that will progressively reduce coal consumption per unit of electricity generated, thereby lowering CO2 emissions from power plants.  Second, through the formulation of a series of policies that will reduce emissions of greenhouse gases by adopting or expanding alternative energy sources to coal.  

1.2.5 Water pollutants

The coal used at China’s thermal power plants has an ash content of about 28 percent. China’s thermal power plants generate 100 MT of ash and slag in solid waste each year.  Thermal power plants produce wastewater in the de-ashing process.  Ash-washing water with slag constitutes the largest wastewater discharge, and power plants often seriously exceed government-set standards.  By 1996, thermal power plants with capacities of 6 MW or more discharged 830 MT/year of wastewater with a slag content. 

The government has introduced measures to reduce de-ashing waste, including procedures that require the transportation of ash in water with a high ash content, discharging of ash separately from slag, and recycling of wastewater discharged from the ash storage area.  In 1985, there were only 13 power plants recycling ash-washing water, but the figure had risen to 100 by 1996.  Newly built power plants generally use improved de-ashing measures.  Preferably, power plants should choose dry de-ashing measures, and then use water to wash the remaining ash.  Power plants should reuse ash-washing water in a closed cycle as much as possible, so as to reduce the discharge of wastewater. 

1.2.6 Other pollutants

Coal combustion can also produce CO, hydrocarbons, organics with high carbon content, and some radioactive metals or trace metals, such as mercury.  The discharge of heavy metals has attracted wide attention abroad, and some countries are adopting measures for controlling mercury pollutants.  According to a study based on China’s power plants, the total discharge of mercury from coal burning in 1995 was over 200 tons, a large share of which was from coal-fired power plants.
1.3 Analysis of loss caused by power sector pollution

1.3.1 Impacts of air pollution on health

The concentration of SO2 and other air pollutants, such as dust, NOX, and CO in urban areas, leads to an increase in the rate of mortality and the incidence of respiratory tract infections.  According to one research project, the number of deaths caused by air pollution in cities reached 178 thousand per year (Dong CAO, 1999).

SO2 can cause irritation to corneas and the respiratory tract.   When air concentration of SO2 reaches 2.9-23 mg/m3 (1-8.1 ppm), it can cause palpitations, dyspnoea, and other diseases of the heart and lungs.  Higher doses can cause reflexive spasms of the vocal cords, larynx edema, and even apnea (Fengzhong CAO, 1999).  In addition to acute irritation, SO2 is also a pathogen, which can cause chronic emphraxis diseases, such as chronic bronchitis and emphysema.  Moreover, SO2 can affect the function of the cerebral cortex and has mutagenic effects that can lead to cancer. 
A number of studies, conducted in China and abroad, show that SO2 concentration correlates closely with total mortality and the incidence rates of many diseases.  Taking Beijing as an example, when SO2 concentration doubles, total mortality increases by 11 percent, the incidence rate of chronic obstructive lung disease by 29 percent, heart and lung diseases by 19 percent, cardiovascular disease by 11 percent, other chronic diseases by 8 percent, and cancers by 2 percent (XU, 1993). 

Acid rain (caused by SO2) can seriously irritate human skin, conjunctiva, nasal mucosa, and the throat.  If particles of sulfuric acid are inhaled, they may accumulate in the lungs, causing lung inflammation, lung tissue cirrhosis, pulmonary edema, and other diseases.  The acid has an even greater impact on infants, sometimes even causing infant death through paroxysmal syndrome. 
Minute suspended dust particles with diameters below 10 µm also seriously affect human health.  The particles absorb toxic gases (such as NO2, SO2, HF and Cl2) and can irritate and erode the alveolar wall.  Over a long period, they can break down the defensive mechanisms of the respiratory tract, leading to such diseases as chronic bronchitis, emphysema, and bronchial asthma.  Studies show that particle pollution is possibly related to the incidence rate of human lung cancer.

Total suspended particulates (TSP) concentrations directly correlate with mortality and the incidence rates of many diseases.  A study shows that when TSP concentration doubles in Beijing, total mortality will increase by 4 percent, chronic obstructive pulmonary disease by 38 percent, and heart and lung diseases by 8 percent (XU, 1993).

NOX irritates the nasal cavity and throat and is toxic to the respiratory tract.  NOX can cause chest contractions, respiration stress, insomnia, edema, and in serious cases, even lung gangrene.  It also harms the mucous membrane, and the nervous and hemopoietic systems.  When a high concentration of NOX is inhaled, it can cause asphyxia.

1.3.2 Impacts of air pollution on the economy 

Experts at home and abroad have estimated that air pollution in China has caused huge economic losses.  For example, XIA Guang suggested that air pollution in China caused RMB 58 billion of losses in 1992 alone (XIA, 1998).  The Chinese Social Science Academy estimated that pollution caused China RMB 83 billion worth of damage in 1993 (XU, 1998), while the World Bank in 1995 suggested that urban air pollution and acid rain in China cost in the range of US$ 16 to 37 billion (World Bank, 1997).  An article in the Science and Technology Daily pointed out that in 1995, the economic loss caused by the effect of acid rain and SO2 on crops, forests, and human health reached about RMB 110 billion, which was close to 2 percent of the Gross National Product in the same year (Science and Technology Daily, May 2, 2000).

To prevent further vast economic losses, the government must ensure that air pollution is systematically reduced.

1.3.3 Impacts of air pollution on the environment

Acid rain disturbs delicate ecological balances.  Acidification of large bodies of water affects the aquatic ecosystem.  Acidification of soil generates a series of bio-impacts that can break down important elements of the ecological system.  In addition, acid rain attacks carbonate building materials. 

The large impacts to human health, the economy, and the environment caused by SO2 seriously impede social and economic development.
1.4 Impact of the power industry on the environment
1.4.1 Position and role of the power industry in pollution control 

In order to reduce the environmental impact of coal burning power stations and reduce SO2 and acid rain pollution, the State Council banned the construction of coal-burning power plants in most urban areas in 1998.  An exception was made for co-generation plants and plants with scrubbers capable of treating their SO2 emissions.

1.4.2 Direction of China’s development 

The amount of primary energy (such as coal) transformed into secondary energy (electricity) can indicate a country’s economic development and its environmental conditions.  In 1996, the percentage of China’s coal that was converted into electricity was 34.78 percent and electricity accounted for only 11 percent of the final consumption of energy.  Although these figures were higher than those of previous years, they still show a substantial gap between China and more developed countries.  With the restructuring of China’s energy industry, the amount of coal consumed in power generation is likely to increase.  Therefore, in order to improve China’s air quality the percentage of coal turned into electricity (relative to the direct burning of coal) should be raised, while overall energy consumption is reduced, thus ensuring that energy is saved.

Reducing the number of medium- and small-sized thermal power plants while centralizing the large-scale utilization of coal can be an effective approach for decreasing the amount of coal used for power generation and reducing pollution.  Only when burned in large and super large boilers (with capacities of over 1,000 T/h) does the cost to remove pollutants such as dust, SO2, and NOX become low enough, on a per-kWh basis, to not have a substantial impact on electricity prices.  If modern technology is used, the efficiency rate for removing SO2 and NOX can reach 99 percent (HUANG, 2000).  Therefore, the use of large-scale thermal power generation plants increases the efficiency of coal and reduces emissions.  As the quantity of coal used for power generation increases, the emissions per kWh are lowered.

2. Key power industry technologies, policies, and measures for environmental protection 

The Chinese power sector has practiced environmental management and pollution control for nearly 30 years.  As a result, the sector has developed a relatively complete set of environmental management regulations composed of a variety of policies, rules, provisions, emissions standards, and managerial methods.  Meanwhile, pollution prevention and control technologies, especially dust and SO2 treatment technologies, have become increasingly advanced and applied. 

2.1 Power sector regulations and measures for environmental protection 

2.1.1 Laws, regulations, and the management system

As Diagram 1 illustrates below, the power sector’s environmental management system can be divided into three sections: (1) laws, (2) related regulations, administrative ordinances, and policies, and (3) environmental management measures and techniques. 
Diagram 1  Environmental Management System of the Power Sector 


Laws

The Environmental Protection Law of the People’s Republic of China is the most important law that relates to both environmental protection and management. The Air Pollution Prevention and Control Law of the People’s Republic of China, which was revised and enacted by the Ninth National People’s Representative Conference, provides detailed specifications regarding the mining, transportation, and usage of coal.  

Article 30 of the Air Pollution Prevention and Control Law of the People’s Republic of China states that: “new and expanded thermal power plants and other big- and medium-sized enterprises that exceed prescribed SO2 emission standards or total-load control indexes must construct matching desulfurization and de-dusting facilities or adopt other measures to control SO2 and dust emissions.  According to Article 48 of this law, established enterprises in the acid rain and SO2 control zones that emit air pollutants exceeding the prescribed emissions standards must treat SO2 and dust emissions within a specified period.  The country encourages enterprises to apply advanced desulfurization and de-dusting technologies, and to adopt control measures for NOX produced in the fuel combustion process.  Other articles of this law also refer to the environmental management of the power sector. 

The Electricity Law of the People’s Republic of China prescribes the details of power network construction, production, supply, and use.  It also prescribes the principles for protecting the environment.  For example, Article Four specifies, “In power construction, production, supply, and use, it is vital to protect the environment according to the laws, adopt new technologies, reduce emissions of harmful substances, and prevent and treat pollution and other public hazards.  The country encourages and supports power generating using renewable and clean energies.”  However, with the establishment of a market economy, the present Electricity Law is already outdated as the law was developed at a time when the lack of electricity became a bottleneck to China’s rapid development.  The law was issued to promote the development of electricity, with various financing mechanisms, to meet the demand for electricity.  Now that China has an adequate supply of electricity, the government should revise and re-enact the law so that it fits the requirements of power system reform and promotes energy efficiency, and clean and renewable energy.  The revised law should include provisions regarding the reform of the electricity structure, the strengthening of the power market, and the promoting of competition.
Both China’s Energy Conservation Law and its Water and Soil Conservation Law have sections referring to environmental protection in the power sector.

Regulations and administrative ordinances

Based on the relevant laws, the power department has formulated more than 40 regulations and standards, including the Environmental Protection Administrative Ordinances of the Power Industry; Environmental Monitoring Administrative Regulations of the Thermal Power Sector; Environmental Protection Designing Regulations of Thermal Power Plants; and Power Supply and Use Ordinances. The State Power Corporation (SP) has also issued Technical Supervision Regulations for Environmental Protection (Tentative) and Environmental Statistics Indexes and the Specification of Thermal Power Plants of The National Power Corporation (Tentative), as well as Provisional Water and Soil Conservation Regulations for Power Construction Projects.  

Regulations include the following: (1) lowering the sulfur and ash content of coal through increased use of coal washing, (2) limiting the mining of coal with either high sulfur or ash content, and (3) making new coal mines that extract coal with a high sulfur or ash content meet the required standards by requiring facilities to provide coal washing.  
In December 1996, the former Ministry of the Power Industry (now the SP) issued the Environmental Protection Administrative Ordinance of the Power Industry in order to strengthen the environmental management of the power industry (in accordance with other laws, including China’s Environmental Protection Law and the Electricity Law).  This ordinance has explicit prescriptions for both the establishment and responsibilities of the following: (1) power sector environmental protection institutions, (2) the environmental management of construction projects, (3) the environmental management of the production process, scientific research, teaching, and training, and (4) global communication about power sector environmental protection and supervision.

The Environmental Monitoring Administrative Regulation of the Thermal Power Sector provides explicit regulations for the thermal power sector’s environmental monitoring institutions.  Another document, the Environmental Protection Design of Regulations for Thermal Power Plants (DLGJ-1991) regulates flue-gas emissions and the monitoring of thermal power plants.  Large thermal power plants or power plants in key environmental protection cities can, under special circumstances, set up automatic flue gas monitoring systems after approval.

In addition, the government issued the Administrative Ordinance for the Examination of Environmental Protection Measures in the Upgrading of Thermal Power Plants and the Examination Specifications of Environmental Protection Measures in Thermal Power Enterprises. 

More than 80 percent of power producers have met the current environmental protection standards, which should help to reduce power plant emissions.  These emission standards are adjusted according to the circumstances of each individual power plant.

Emission standards

Emission standards for the power sector govern air, water, solid waste, and noise pollution.  Currently, specific standards exist in China for air pollution, and although specific standards have not been issued, discharges of water and solid wastes are included in the comprehensive emission standards.

China’s first emission standards for coal-burning power plants were established in the 1991 Emission Standards for Coal-burning Thermal Power Plants (GB13223-91).  The standards (which are similar to standards in Japan) prescribe a limit on SO2 emissions and dust concentrations.  The total load of SO2 is limited according to chimney height and other variables such as smoke emission, heat release, and location.  Different requirements are also set according to the coal ash content and the conversion efficiencies of different boiler types. 

The Emission Standards for Air Pollutants from Thermal Power Plants (GB13223-1996) was enacted in 1996, revising the 1991 standards.  The new SO2 emission standards depend on various factors, including plant efficiency.

The 1996 standards are still in use and have contributed to China’s pollution control efforts.  However, these standards require further revision to ensure that regulations are enforced.  Revised standards need to take account of the following: (1) current SO2 emissions are too high (2) the standards are difficult to enforce, (3) current standards do not encourage the introduction of high quality fuels and advanced technologies, and (4) the current standards do not include measures to control NOX emissions.  At present, government departments are revising the 1996 standards, but it is important that they establish an integrated, multi-pollutant control policy.

Power sector environmental protection policies 

The administrative department of power promotes the sustainable development of the power sector by the formulation of a series of sustainable development and environmental protection policies, which lay the foundation for the integrated development of the economy and environmental protection in the power sector.  These policies—which serve not only to control pollution, but also to stimulate power sector development—mainly concentrate on changing the structure of power sources and revising the industrial structure.  

As a result of recent policies, the power source mix in China has been diversified.  However, in order to make a significant impact on pollution levels, the power industry will have to further develop additional alternative energy sources.  

The government ordered that many small-scale power generators (with a total capacity of almost 10,000 MW) be shut down between 1997 and the end of 2000.  SP alone closed down nearly 8,000 MW of generating capacity.  The closure of power plants reduced coal consumption by 7 million tons and raw coal consumption by 10 million tons.  Power plant closures have also resulted in reductions in solid waste by 500 thousand tons, dust by 400 thousand tons, SO2 by 160 thousand tons, and CO2 by more than 10 thousand megatons (RAN, 2000).

To avert power supply shortages and reduce pressure on the environment, China must decrease the percentage of power generation derived from coal and promote the sustainable development of the power industry.  The government should encourage the development of large mine-mouth power plants in areas where coal is produced, in order to reduce problems of coal transportation and air pollution in populated areas.  Burning coal in power plants where pollution levels are relatively low reduces their visual impacts.  Super high voltage power transmission technologies should then be adopted to deliver power to neighboring areas or across regions.

Environmental protection management measures

The Environmental Protection Department also formulated a set of minimum requirements for environmental protection within the power sector, shown in Table 1.  For example, the Department established Environmental Impact Assessments (EIA) and the “Three Simultaneities” policy
 to improve the standards of environmental management. 

Table 1 Environmental Management of the Power Sector
	Environmental Management Systems
	Related Requirements

	Environmental Impact Assessments
	Power construction projects are required to undergo Environmental Impact Assessments.

	Three Simultaneities policy
	Newly built, rebuilt, and expanded power facilities must comply with the Three Simultaneities, the main policy for pollution prevention and treatment funds.

	Pollution Levies
	In 1992, a tax was levied in Guangzhou and in eight other cities, where acid rain was a serious problem (Notice for Starting Trial of Taxing SO2 Emissions in Industrial Coal-burning).  The levy rate for SO2 emissions was initially set at RMB 0.20/kg. In 1998 the levy was extended to Two Control Zones, and the SO2.levy rate in three trial cities, Jilin, Hangzhou, and Zhengzhou, reached RMB 0.60/kg. 

	Pollution Declarations and Pollution Levies
	All power plants that emit SO2 must submit Pollution Declarations and obtain Pollution Permits

	Total Emissions Load Control   
	In 1996, the State Council approved a Total Load Control Plan for Key Pollutant Emissions during the Ninth Five-Year-Plan.  The new Air Pollution Prevention and Control Law, revised in 2000, requires that the country act to control or eliminate the total load of key air pollutants throughout the country.  The State Council and the provincial (city and district) governments can designate regions called ‘pollution control zones,’ where the atmospheric quality standards have not been met.  The State Council approves acid rain and SO2 control zones. 

	Treatment Time Limit
	All enterprises that do not meet the national emission standards must treat their emissions within a set time limit.

	Transform, form coalitions, or shutdown
	Enterprises that seriously pollute and that cannot meet the required standards are forced to transform, form coalitions with other enterprises, or shutdown 


The Official State Council Reply Regarding Concern on Issues Related to Acid Rain Control Zones and SO2 Control Zones clearly sets out targets for SO2 emissions within “Two Control Zones.”  Each city is expected to meet national environmental quality standards.  These environmental management tools provide important mechanisms to implement the new standards.  The target, based on SO2 emission levels in 2000, requires a reduction of emissions by 2010.  In view of these requirements, each province or city has prepared appropriate plans for SO2 emission reductions and has set control targets.  In the National Environmental Protection Plan for the Tenth Five-Year-Plan, which is currently being prepared, the State is setting higher standards than ever to control SO2 emissions.  The National Environmental Protection Plan will also provide specific targets for SO2 emissions in the Two Control Zones. 

The Strategic Research and Planning Division of SP also set an environmental protection target for the power sector to reach over the Tenth Five-Year Plan period.  It requires that emission levels of each pollutant meet existing national standards, and that power generation plants with capacities of 0.3 million kW and greater introduce flue gas desulfurization, using wet-desulfurization facilities made in China.  The flue desulfurization requirement will provide an improved basis for ensuring an advanced level of environmental protection by 2015.

Some countries have established emission-trading systems.  The U.S., for example, operates a national SO2 trading program, and regional NOX trading programs.  Emission trading systems are economic policies that control the right to produce emissions.  That is, enterprises have the right to produce emissions under the terms of emission permits and, provided that certain basic environmental requirements are met, this right can then be bought and sold like a good.

Currently, the use of emissions trading systems in China is limited to managing air quality.  Air emissions trading is allowed under the condition that all power plants involved meet current minimum requirements for air quality management.  The State has developed SO2 emission targets for the Two Control Zones.  To reach these targets, enterprises need strong environmental management policies and measures.  In addition, emission trading among power plants is feasible since there are gaps between treatment costs at different power plants.  This means that some plants will prefer to install control equipment and sell emission permits than to simply purchase additional permits. 

The use of pollution levies as an economic tool for environmental management has been shown to significantly impact China’s environmental management.  Air Pollutants Emission Standards for Thermal Power Plants (GB13223-1996) states the basis for SO2 pollution levies on power plants.  The levy standards were set by the Notice of the Expansion of the Trial of SO2 Levies in Acid Rain Control Areas and SO2 Control Areas (Huanfa[1998]6).

Funds raised by levies surpassed RMB 300 million in 1997 and exceeded RMB 500 million by 1998 (The amount raised by SO2 levies alone was RMB 120 million in 1997 and rose to RMB 350 million in 1998).  This remarkable increase in the pollution fees paid by the power industry results from an expansion of the SO2 levy and the introduction of levies for other pollutants.  The levy has encouraged power plants to control levels of SO2 emissions and to install desulfurization equipment, along with automatic monitoring equipment.  Statistics show that SO2 emissions continue to decrease annually in tandem with corresponding increases in the SO2 levy rate, which is consistent with the economic principle behind a pollution levy.

Tests monitoring the SO2 levy in two provinces and nine cities produced positive results and received support from the State Environmental Protection Agency (SEPA), the Ministry of Finance, the State Economy and Trade Commission, and others.  Local environmental protection bureaus (EPBs) also endorsed the monitoring.  Problems emerged during the trial process, such as unreasonable levy rates, inappropriate use and allocation of funds, and questions over methods for evaluating SO2 emission levels.  The government needs to address these quickly.

In addition to the environmental administrative department’s formulation and implementation of environmental management systems, the power department has also formulated and instituted some related environmental management measures, the main components of which are as follows:

(1) Improve the power source structure and increase the use of clean energy.  China is rich in hydropower resources, but at present it has developed less than 20 percent of them.  China also needs to more fully exploit nuclear power, solar energy, and other renewable energy sources.

(2) Improve the efficiency of coal-burning power generation and reduce coal consumption.  Newly built coal-burning power plants consist mainly of generators with capacities above 300 MW.  Low capacity generators should be upgraded or replaced by high capacity generators to increase power generating efficiency and reduce coal consumption, which will minimize pollution.

(3) Improve coal quality.  China’s power industry should use coal with low ash and sulfur contents or coal processed by washing.  In 1994, China’s power industry used coal with average sulfur content of 1.1 percent.  By lowering sulfur content by 0.1 percent, China could avoid 700 tons of SO2 emissions by 2010.

(4) Reduce the impact of environmental pollution in different regions. 

(5) Adopt appropriate pollution control technologies and improve technologies for integrated use of wastes.

(6) Develop and utilize advanced technologies for coal combustion and system efficiency. 

Environmental management techniques

Environmental management in the power sector includes technical management methods and pollution treatment technologies.  Environmental management techniques mainly involve environmental monitoring, impact assessments, and other policy analysis techniques.

The power sector has established its own environmental monitoring network.  Every big power plant has environmental monitoring institutions and equipment to provide the data support needed for effective environmental management.  The power sector formulates impact assessment guidelines for the industry and assesses all new power projects. 

2.2 Pollution control technologies for the power sector

2.2.1 Key technologies 

Power sector emission treatment technologies are wide-ranging and experts are currently studying relevant SO2 emission control techniques.

SO2 pollution control technologies

The major SO2 control technologies used in thermal power plants include the processing of raw-coal by washing, fluidized bed combustion (FBC), and flue gas desulfurization (FGD).  A summary of these technologies is presented below: 

Raw Coal Washing Technology: Jinjiyan Coal Washing Mill at Songzao Coal Mine attached to Chongqing Power Plant’s Expansion Project provides a good example of processing coal by washing.  The total investment for the expansion was more than RMB 50 million (about U.S. $6 million), of which 15 percent was invested in the construction of a coal-washing mill.

Fluidized Bed Combustion (FBC): Jiawang Power Plant in Xuzhou currently uses this technology.  In most cases, desulfurizing agents are not added when FBC boilers are used in China (Department of Science, Technology, and Standards, 1998).

Flue Gas Desulfurization (FGD): Most current Chinese flue gas desulfurization projects use imported equipment, making them very expensive.  For example, limestone (lime)-gypsum mixture desulfurization technology requires an initial investment estimated at RMB 1000~1200/kW.  However, if the equipment were produced domestically, manufacturers could reduce the cost to RMB 700/kW.

FGD facilities were first introduced to China in 1991.  By the end of 1998, the capacity of generators equipped with desulfurization technology had reached 1.68 GW.  Construction or design work is underway on an additional 5 GW of generating capacity with desulfurization facilities.  China’s timetable for FGD implementation is as follows:  By the end of 2001, China hoped to have (1) mastered primary wet-desulfurization technology, (2) started trial projects that produce FGD power plants nationally, and (3) formulated a program for the introduction of large-scale domestic production.  By the end of 2003, China hopes to have (1) developed the capacity to independently design wet-FGD equipment and (2) developed FGD facilities adapted to China’s conditions.  By the end of 2005 China hopes to have produced 95 percent of its wet-FGD equipment domestically, and by 2010 it hopes to have produced 100 percent of its wet-FGD equipment and over 95 percent of several other types of FGD equipment.  The following illustrate China’s progress in FGD development and implementation to date:

· Luohuan Power Plant in Chongqing imported two sets of lime-gypsum desulfurization equipment to complement two 360 kW condensing generators with steam turbines.  The first set began commercial operation in November 1992.  The second set began operation in May 1993.  The two generators treat 100 percent of flue gas, the desulfurization rate of the system is over 95 percent, and the process produces a by-product of about 400 thousand tons of gypsum.

· Taiyuan Thermal Power Plant uses a simplified FGD desulfurization process that uses lime-gypsum as an absorbent.  It can treat two-thirds of the flue gas from generators that have a capacity of 300 MW.  Its desulfurization rate is 80-90 percent.

· In Shenzhen the No. 2 generators of the West Power Corporation have a capacity of 300 MW and use a seawater desulfurization process.  Under optimal conditions, the desulfurization rate of this system is higher than 90 percent; under actual conditions, its desulfurization rate is higher than 70 percent.  Seawater discharged at the outlet of the aeration tank has a pH greater than 6.5, and the humidity of flue gas at the system outlet is above 70 percent.

· During the Seventh Five-Year Plan period, China completed a pilot FGD experiment in Sichuan Province’s Douba Power Plant, with 5000 m3/hr of phosphorous/ammonium fertilizer.  The results showed that the desulphurization rate for the system was more than 95 percent.  The water content of the phosphorous/ammonium fertilizer produced as a by-product was lower than 4 percent, and its content of N+P2O5 was higher than 35 percent.

· During the Seventh Five-Year Plan period, Baima Power Plant in Sichuan Province, which uses a high sulfur content coal (3.5 percent) and has a capacity of 70,000 m3/hr, installed an FGD system of lime spray drying (LSD) and experimented with spray drying.  When the ratio of calcium to sulfur is 1.4, the total desulfurization efficiency of the system can reach more than 80 percent. 

· With assistance from Japan, Huangdao Power Plant in Shandong Province imported and installed rotary spray drying FGD equipment for its No. 4 generators. The system was tested in 1995 and was transferred to Huangdao Power Plant for installation in April of 1998.  Its desulfurization rate is more than 70 percent, its treatment of flue gas amounts to 300 thousand standard cubic meters per hour, and it is able to eliminate more than 4500 tons of SO2 annually.
· Fushun Power Plant imported the process of spraying calcium in the boiler from LIFAC.  Fushan’s 120 MW generating capacity burns coal with a sulfur content of 0.54 percent, and has a designed desulfurization rate of 40 percent.  Xiaguan 125 MW Power Plant in Nanjing, which uses 0.92 percent sulfur content coal, imported the whole LIFAC process and has a desulfurization rate of 75 percent.

· Chengdu’s 100 MW Thermal Power Plant imported the electron beam irradiation process of FGD for a trial project.  

Dust control technology

There are four main types of de-dusting equipment for coal-burning power plants: electric, bag, wet, and cyclone de-dusters.  Before the 1970s, most thermal power plants adopted water membrane de-dusters and mechanical de-dusting facilities with low average efficiency rates of 70 percent. 

During China’s 20 years of development, the percentage of electric de-dusters has increased annually.  By the end of 1999, SP power plants had installed 940 de-dusters of all types, with an average efficiency of 97 percent.  Of the total number of new de-dusters installed, almost 500 are electric; the rest are low-efficiency de-dusters (such as venturi and water membrane).  According to the Tenth Five-Year-Plan, the government has ordered that old and small generators, and de-dusters with efficiency levels below 90 percent be shut down.  Some non-electric de-dusters will be upgraded, which should increase overall de-dusting efficiency from 93 to 99 percent.  With these measures, the average de-dusting efficiency of SP should reach 98 percent.

NOX pollution control technology

Although NOX emissions controls in China were only introduced in 1997, a series of advanced high-capacity coal-burning power generators were imported in the mid and late 1980s.  These employ low NOX emission boiler technologies.  On this basis, China developed a combustion system with low levels of NOX emissions, which took into account China’s coal quality and milling systems.  These low NOX emission combustion technologies are now manufactured domestically and are being applied to high-capacity generators.

NOXSO simultaneous desulfurization-denitrification technology  

This technology is suited to thermal generators that use coal with a medium to high sulfur content.  After de-dusting by electric de-dusters, the smoke from the boiler enters a high surface-to-volume ratio absorbent sulfuration bed containing Na2CO3, where both SO2 and NOX are absorbed.  The cleaned flue gas is emitted from the chimney after bag technology de-dusting.  The desulfurization efficiency and denitrification efficiency can reach 98 percent and 75 percent, respectively.

SNOXTM simultaneous desulfurization-denitrification technology  

In this process, the smoke from the boiler enters the NOX catalytic reactor after being de-dusted by electric de-dusters and heated.  When ammonia is present, NOX is catalyzed and reduced to harmless N2 and water.  The desulfurization efficiency and denitrification efficiency of this technology is 95 percent and 90 percent, respectively.  The by-product, sulfuric acid, is mainly used as chemical raw material for making phosphorous/ammonium fertilizer and the acid reagents used by the iron and steel industries.  SNOXTM is particularly useful in power plants that use high sulfur content coal or in plants that are located near big cities.  

SOx-NOX-EOx-Box simultaneous desulfurization-denitrification-de-dusting technology

This technology uses high temperature bag de-dusters to simultaneously desulfurize, denitrify, and de-dust.  It desulfurizes by spraying calcium or sodium radix into the flue before the gas is filtered through layers on the outer surface of a bag.  NOX is removed by first spraying ammonia into the flue and then by using selective catalytic reducers (SCR) inside the bag.  The bag technology then completes the de-dusting process.  China has not yet widely adopted this technology.

CO2 control technology

Developing effective clean coal combustion technologies improves both energy utilization and the performance of generators.

Researchers have studied CO2 recovery and reuse of flue gas from coal combustion.  For example, the U.S. has successfully applied CO2 recovery technologies that use chemical absorption methods (with EMA as the absorbent) on 320 kW coal-burning generators.  Japan is also conducting experiments on CO2 recovery, using physical and chemical methods to recover CO2 in flue gas (using a series of absorbents including EMA, K2CO3, and NH3).  Scientists in China are also studying CO2 separation technologies that might facilitate the recovery of CO2 from flue gas.

Techniques of mercury control

Some developed countries control mercury quite effectively.  First, coal washing removes 30-40 percent of the mercury in coal; second, dust removal reduces mercury by 15-18 percent; third, adding a desulfurization facility can reduce mercury by 30-35 percent. 
China, however, has not prioritized the control of mercury produced by coal-fired power plants.  Only 12 percent of the coal is washed in China, which is a rather small percentage for a country that consumes so much coal.  While a large number of Chinese power plants are equipped with dust removal facilities, they are not always as efficient as they could be; cloth bag dust removal is more effective at removing mercury than electric dust removal.  In addition, only a few power plants are equipped with desulfurization facilities.  China needs to further study, enhance, and develop both coal washing and mercury removal technologies. 
Water control technology

China’s thermal power plants mainly use hydraulic ash removal systems to de-ash water.  Ash-washing water with slag produces the highest levels of water waste from power plants and the greatest number of pollutants exceeding the waste-water standards.  Measures applied to reduce polluted water waste from power plants, include transporting ash with high-concentrated ash water, discharging ash separately from slag, and recycling wastewater.  In 1985, only 13 power plants recycled the ash-washing water, but the figure had risen to 100 in 1996.  Adoption of these measures decreases the amount of fresh water used and the waste-water output.  Newly built power plants have improved the de-ashing measures. 

Comprehensive utilization of solid waste technology

China’s technologies for the recycling of fly ash are quite mature.  Statistics show that four compounds (SiO2, AL2O3, TfeO, and CaO) account for almost 90 percent of the chemical composition of fly ash from China’s thermal power plants (YUAN, 1998).  Researchers are studying the physical and chemical properties of fly ash and conducting studies on technology and standards needed for practical re-use of this waste.  Fly ash is currently used to produce building materials (such as cement, brick, block, and additives to concrete) to build roads, to fill mines and depressions, to improve soils, to produce composite fertilizers, and to plant trees.  China has developed more than 200 solid waste recycling technologies and instituted more than 50 technologies. 

2.2.2 Technical and economic analysis of key pollution control technologies in the power sector

Economic analysis of coal-washing 

Coal processing by washing can result in many benefits including economic advantages.  Coal washing mills can profit because users (such as power plants or industrial users) receive high quality coal and pay low environmental levies for their waste discharge.  Furthermore, coal would be saved, the pressure on transportation would be mitigated, and air quality would be protected.  In 1998, a joint research project was conducted to analyze the economy of coal-washing for power plants (Department of Science, Technology and Standards, 1998).  The researchers concluded that each ton of coal washed would cost power plants a total of about RMB 35.  This results from losing about RMB 15 worth of coal in the process, a RMB 5 actual cost of the operation, and a profit margin to the coal washing mill of RMB 15.  The researchers calculated that the overall user benefit from using washed coal amounted to RMB 40.  Therefore, the net economic benefit for power plants in 1998 was almost RMB 5 per ton of coal washed.

Economic analysis of FGD 

So far, China has only equipped coal-fired plants with a total capacity of 1.5 GW with FGD systems.  China imports most of the equipment, and much is currently under trial. There is no common baseline for the economic parameters of different technologies (Department of Science, Technology and Standards, 1998).  On the basis of data available on desulfurization costs, and using an integrated method of evaluation, preliminary economic results for different technologies are listed below (See Table 2). 

Table 2 Cost Analyses of FGD Technologies in China (Constant Price of 1995)
	Desulfurization Process 
	Limestone-gypsum 
	APP*
	LSD*
	Calcium Spray and Wetting Process
	Simplified Wet Process

	Capacity of Generators (MW)
	2×360
	100
	200
	100
	200

	Volume of Flue Gas (thousand m3/hr)
	2×1080
	450
	820
	450
	820

	SO2 Concentration (ppm)
	3500
	3000
	3000
	3000
	3000

	Total Investment in FGD (million RMB)
	480
	76
	95
	21
	100

	Unit Investment (RMB/kW)
	670
	760
	480
	210
	500

	Annual Investment (million RMB)
	60
	9
	12
	3.1
	12

	Operation Cost (million RMB)
	
	
	
	
	

	Desulfurizing Agent or Raw Material
	20.
	14.
	10.0
	7.0
	6.7

	 Power 
	21.
	2.2
	2.6
	1.3
	3.1

	 Steam 
	3.2
	3.3
	--
	--
	0.75

	 Industrial Water 
	0.60
	0.19
	1.0
	0.17
	0.11

	 Package Bags 
	--
	3.1
	--
	--
	--

	 Salary for Staff
	0.60
	1.1
	0.50
	0.20
	0.36

	 Maintenance &

  Management
	12.
	1.9
	2.3
	0.53
	2.5

	 Other 
	0.24
	0.71
	0.26
	--
	--

	Sub-total
	58.0
	26.0
	17.0
	9.2
	13.5

	Desulfurization Cost RMB/T of SO2 

Estimated RMB/kWh
	860

0.025
	1,500

0.055
	770

0.022
	700

0.019
	810

0.020


*Note: APP stands for Ammonium Phosphate Process.  LSD stands for Lime Spray Drying.

Source: Department of Sciences and Technologies, 1998.

Table 2 shows that limestone-gypsum wet FGD had the highest capital cost, accounting for 16 percent of the total capital cost of building a power plant while the Calcium Spray and Wetting Process FGD had the lowest capital cost of 5 percent.  For all FGD processes, the average cost of eliminating one ton of SO2 is around RMB 1000.  In comparison, the LSD process costs RMB 770, and the APP process costs around RMB 1500.  The desulfurization of coal increases the cost of generating power.  For example, if the Limestone-gypsum process is used, the cost for each unit of power generated increases by RMB 0.025/kWh; if the Calcium Spray and Wetting Process is installed, the cost for each unit of power generated increases by RMB 0.019/kWh. 

In 1998, four ministries and commissions issued the Notice of the Expansion of the Trial of SO2 Levies in Acid Rain Control Areas and SO2 Control Areas.  The average levy in demonstration pilot projects was RMB 200/T.
  In Hangzhou, Zhengzhou, and Jilin, the standard levy was RMB 600/T.  Beijing levies were RMB 1,200/T on SO2 emissions, which basically equals current treatment costs.  In contrast, SO2 emission taxes levied in the “two control zones” was RMB 200/T of SO2, far lower than average SO2 control costs (see Table 2).  As a result, generators themselves do not yet benefit economically from purchasing and installing desulfurization equipment since levy charges for SO2 are less costly.  SO2 abatement costs are currently added onto the power price, thus further reducing the motivation of utilities to install desulfurization equipment. 

As for China’s economic losses resulting from SO2 emissions, figures vary substantially between research projects.  Estimations of ecological and environmental damage, range between RMB 5,000 and 10,000/T of SO2 emitted (State Power Environmental Protection Plan, 2000).  With these environmental and economic losses in mind, the current levy of RMB 1,200/T of SO2 emitted from power plants is still too low to motivate power plants to reduce their SO2 emissions. 

Economic analysis of de-dusting

The Chinese Research Academy of Environmental Sciences investigated 705 power plant boilers around the country.  They concluded that treatment with electric de-dusters, bag de-dusters, and wet de-dusters cost about RMB 300 to 580/T of dust.  The dust levy standard is based on the number of times dust pollution exceeds the set standards (also known as the Lingerman concentration) and is calculated according to the amount of fuel used.  The levy standard adopted by levy trials in Hangzhou, Zhengzhou, and Jilin was RMB 550/T of dust, which is roughly equal to the cost of dust treatment.

3. Environmental impacts of power sector reform

In December 1998, the General Office of the State Council issued The State Economy and Trade Commission’s Opinions on Some Problems Related to the Intensifying of System Reforms in the Power Industry.  In October 2000, the General Office of the State Council issued the Notice of Some Problems Related to Reform of the Power Industry (also called State Council Document No. 69), which further clarifies power sector reform.  The Notice reported that the State Development Planning Commission would lead the establishment of a power reform coordinating team, which would include representatives of the State Economy and Trade Commission, the Ministry of Finance, the State Council Legal System Office, and the State Power Corporation (SP). 

This section provides a brief introduction about the aims of power sector reform.  It then focuses on the environmental impacts of power industry management reform, and related operation system and pricing mechanism adjustments.

3.1 Power sector reform

3.1.1 Main aspects of power sector reform

The primary goals of China’s power sector reforms are to establish a power market, which will promote competition within the power sector, break down provincialism, improve the level of automation, and push for lower power prices in China.  Power sector reform mainly entails management system and pricing mechanism adjustments, including the following:

· Separating generating plants from the transmission and distribution network (the grid);
· Providing for competition for power sold to the transmission and distribution network;
· Separating governmental administrative functions from utility management functions and allowing provinces more autonomy;
· Inter-connecting power grids and delivering power from China’s west to its east.
3.2 Management system adjustments and the environment
Below is a discussion of the impact of power sector reforms on the environment.  The discussion will concentrate on three aspects of the reforms: management, operation, and pricing system adjustments.

3.2.1 Changes in the power management system 

Power management system adjustment refers to changes of administrative functions within the power industry through institutional reform.  The 1998 government institutional reforms transferred the responsibilities of the former Ministry of Power to the State Economy and Trade Commission, and the former Ministry of the Power Industry was transformed into the State Power Corporation, a State-owned corporation to manage State-owned utilities.  In June 2000, the Office of the Central Institution Control Committee issued the Opinions on Some Problems arising from Adjusting Administrative Duties within the Power Sector, which unified the authority of managing power development and reinforced the State Economic and Trade Commission as a regulator for power development and SP as an operational corporation.  Such developments indicated a real breakthrough in separating governmental functions from the utility management functions: a process that had already been underway for two years.
SP, the largest State-owned corporation in the power sector with its business scope from power generation to grid management, has inherited most State-owned assets from the former Ministry of the Power Industry.  Thus it owns a large quantity of power construction, generation, and delivery equipment, making it the largest entity in the power sector and a new monopoly.  Monopolies in the power sector cause a number of problems, such as low economic efficiency and low yield from State-owned assets.  To break the continued monopoly in the power arena, it could be reorganized according to the principle of separating the three links: power generation, delivery and allocation, and sales.  The government is currently considering such a separation.  In addition, in order to avoid new power sector monopolies, the government may not allow the existence of new power entities whose market share exceeds 30 percent.  The reorganization of the power operational structures is necessary for setting up a truly competitive power market.

3.2.2 
Possible results of management system adjustment

Implementation of the full adjustment of the power management system will provide utilities with more autonomy.  The State Economic and Trade Commission will adopt the administrative/regulatory functions for the government power sector; and provincial departments will adopt responsibility for managing the power market in their regions. This should favor vertical coordination.

3.2.3
Impacts on the environment

A stable management system favors environmental protection

When government and enterprises were intertwined, the same department carried out both environmental policy making and enforcement.  Utilities could easily ignore environmental regulations.  However, once the government is separated from the utilities, environmental regulations should become easier to enforce.  The administrative environmental protection department will become responsible for enforcing and implementing environmental regulations, standards, and policies.  The environmental law-enforcement department should focus their efforts on power corporations, which will eventually become independent economic entities.  An independent administrative environmental management department will have the ability to control pollution more effectively than the government could in the past.  

Using the opportunity of amending the Electricity Law to strengthen the control of environmental protection 

In order for the environmental management system to work effectively, the government must not directly intervene in the daily management of utilities.  Instead, laws, regulations, standards, and administrative rules should guide their behavior, based on performance.  It is therefore important to define the environmental obligations of the power sector clearly and normalize environmental behavior in power utilities through legal means. 
In coordination with management system reform, the Electricity Law is being amended.  This provides the perfect opportunity to include environmental protection standards for the power sector.  The amended Electricity Law should include environmental protection requirements for power production, transportation, and allocation and sales enterprises.  In addition, the Electricity Law should also include a mandatory percentage of power that should come from new and renewable energy sources.  These amendments will help to enable the sustainable development of China’s power sector.

Transforming corporations so that they abide by market mechanisms could promote environmental protection.

Management system reforms should primarily target State-owned power corporations since they are the biggest polluters.  The Chinese Research Academy of Environmental Sciences (CRAES) carried out a quantitative economic study, in which they sampled more than 4000 enterprises across the country.  They found that emission intensities of State-owned enterprises (SOEs) were higher than those of other types of enterprises, while their response to environmental policies was lower (Dong CAO, 1999). 

Since SOEs were mainly established before 1985, their output is generally low and their technologies outdated.  Power management system reforms should provide opportunities for these enterprises to restructure and upgrade so that they can increase their economic efficiency.  System reform and technical upgrading should also improve the environmental performance of these enterprises.

Restructuring power utilities should produce more competition, which should then lead to improvements in pollution control.  For example, while many large power enterprises are already listed on the stock market, they need to adopt environmental measures to improve their images.  Utilities are gradually realizing the necessity of establishing special institutions and hiring special staff responsible for implementing environmental regulations, standards, and policies, advancing pollution prevention, and ensuring better management of the environment. 

3.3
Changing operations and the environment

3.3.1
Changes in operation mechanisms 

Operation mechanisms refer to the operating methods for power construction, production, delivery, and allocation.  The present changes include separating generating plants from the transmission grid, competing in price for selling power to the grid, connecting power grids together, and carrying out the policy of "Same Network, Same Quality, Same Price."

Separating plants from the grid and competing in price for selling power to the transmission network should break the old monopoly management patterns of the planned economy.  Competition in power generation should lead to reduced costs, improved efficiencies, lower power prices for consumers, and an optimum allocation of resources.

Since the power grid is a monopoly (that benefits from an economy of scale), reform of China’s power network must combine monopolistic operation with integrated planning, construction, dispatching, and the management of electricity.  A state monopoly over the power grid could help to eliminate conflicts between regions and provinces. 

The distributions of China’s power production and its consumption are not balanced, and the construction of an efficient power distribution grid is needed to ensure effective distribution of electricity across regions.  The establishment of independent corporations would provide an impartial, independent operating platform for power delivery and ensure the independent operation of the grid.

Under new regulations, power of the same quality should be sold to transmission and distribution networks at the same price ("Same Network, Same Quality, Same Price”).  This policy replaces old policies for pricing that ignored quality ("New Power, New Price" and "One Plant, One Price").

3.3.2
Possible results

Adjustments to the operational approach should lead to the independence of power plants from power transmission and distribution utilities.  Power generating corporations would have access to consumers across different regions, ensuring competition.  Operational changes should lead to lower power prices and a new structure for the energy sector.  Lowering prices is the key to power sector reform. 

3.3.3
Impacts on the environment

Efficiency and the environment

Competition between power generating enterprises should encourage technology updates, efficiency improvements, and reduction of emission intensity per kWh, benefiting the environment.  Competition in conjunction with an increase in efficiency, will probably lead to a lowering of power prices.  This will probably stimulate power consumption, which will be met by increased power production, potentially raising the total load of the power sector’s emissions.

However, the introduction of pollution emission standards (such as GPS) in conjunction with management adjustments would not only encourage electricity generating enterprises to decrease cost and increase efficiency, but also to reduce emissions.  This would ultimately advance both China’s energy utilization efficiency and its environmental quality.

Competition and the environment

Enterprises invest in technical innovations and improve their management techniques in order to increase their competitive edge.  This should help to reduce emissions intensity and favor environmental protection. 

One result of greater competition is that power-generating enterprises will supply power to a more diverse consumer base.  Although the supply may not meet the demand in some regions (as happened, for example, in Guangdong last year), the situation is improving.  Once power plants have excess power generating capacity (i.e., supply exceeds demand), power prices should decrease.  However, cheaper prices will probably encourage consumption, which will ultimately lead to an increase in power generation and therefore emissions. 

Fairness and the environment

Power prices should only be the same if the power quality is the same (same reliability, same voltage control, etc.).  This provides a platform for fair competition.  In an environment of fair competition, coal-burning generating companies would have to decide whether or not to continue with power production, based on a comparison of marginal benefits and marginal costs.  However, policy-makers should consider the following questions.  Is the principle that companies have to pay for their pollution fair for all power-generating enterprises?  Is it favorable to develop China’s power sector in a cleaner direction? Is it appropriate to emphasize the exploitation of natural gas, nuclear power, wind power, and hydropower generation?

At present, the price of hydropower is lower and the taxes higher than those of thermal power.  The policy of "Same Network, Same Quality, Same Price" would raise the market competitiveness of hydropower and thus promote development of the hydropower industry.  Water is a renewable resource; an increase in hydropower generation would benefit environmental protection.  However, large-scale hydropower generation requires reservoir construction, which can impact local and regional water systems.  Thus hydropower stations, particularly large-scale ones, can also cause ecological damage. 

The per kilowatt investment in nuclear power in China is two to three times that of coal-burning plants and far higher than in other countries.  Even though the cost of nuclear fuel is low, the operational cost of nuclear power is high at around RMB 0.32~0.5/kWh (LIU, 2000).  This is partly because technologies and equipment are usually imported and because of high safety and nuclear waste costs.  Without any incentive measures, nuclear power enterprises will encounter a deficit and find themselves in a position where they are unable to upgrade their plants and unable to survive in a competitive market.  Competition may force some nuclear power generators to close.  However, since developing nuclear power is an aspect of China’s power development strategy, the government may wish to establish policies that would allow nuclear power plants to compete effectively. 

At the same time, safety issues surrounding nuclear power plants raise concerns of potential environmental impacts.

Renewable power generation (aside from hydropower) is usually more expensive than other power sources.  Wind-power generating sets in China are usually imported and investment is about RMB 10,000/installed kW: RMB 0.48/kWh higher than the cost of coal-burning power plants (GAO, 2000).  

Since much renewable energy production is more expensive
 than other power sources, a competitive environment could further reduce the role of renewable energies in the power sector.  However, green market development and pricing schemes can stimulate consumer demand for renewable energy, as surveys often suggest that consumers are willing to pay somewhat more for green power. 

A green market development scheme could lead to the production of power through a number of renewable sources, including biomass, (mainly wood), geothermal, solar-power, and wind energies.  The location and cost of production would determine which energy sources would be tapped.

Impact of grid connections across regions on the environment

The distributions of China’s power plants and its power resources are not balanced.  The east has a developed economy but has insufficient power resources while the west is underdeveloped but has abundant resources.  To resolve these problems, the Chinese government formulated and implemented a national power strategy for delivering power from west to east.  As part of this strategy, the State is in the process of building large hydro and thermal power plants in middle and western regions of China.  These power stations will produce large quantities of power for eastern China, where power generation does not satisfy demand.  However, this strategy requires a nation-wide power grid, which currently does not exist.  The goal is to first establish three transmission corridors across regions (north, central, and south) by the year 2010, and then to join these under a nationwide grid by the year 2015.  Grids that cross regions in this way should help China to realize both the policy of providing power from west to east and the policy of developing the western regions.  

The delivery of power from west to east should help to ensure sustainable development; power delivery through the grid will replace coal transportation (which adds to pollution).  However, delivering power from west to east causes another dilemma. While the east would benefit from clean power, the burden of pollution would fall on the west.  

3.4
Pricing policies and the environment
3.4.1
Adjusting the power pricing system

Under the present pricing conditions, power prices are determined through a complex and confusing procedure, whereby prices are calculated backwards from costs.  The end use price of power has kept rising even with the increase of power supply because of a rapid development in China’s power sector in the past decades.  Meanwhile, power transmission prices remain comparatively steady. Since power prices reflect costs, power prices in rural areas are far higher than in urban areas.  As a result, many people in the countryside are unable to afford needed power.  Thus, the power sector contains inherent structural flaws, which have prevented the market from fully evolving. 

As for the price of power, the following problems exist: the power price does not reflect (1) the cost difference of different investors and their different capital costs, (2) the cost difference of different resources, (3) the comprehensive utilization of resources (such as the use of coal mine tailing), and (4) the environmental costs of resource usage (LIU, 2000).

The market should be given more room to maneuver.  Separating plants from the transmission and distribution system, breaking up the power monopoly, and forming a real power market will cause power prices to fluctuate with changes in market supply and demand.

The industry should adopt a new set of mechanisms to determine power prices.  The average cost of power generation, including social costs (or long-term marginal costs) such as pollution, should determine a standard power price for each power network (GUO, 2000:19).

The most serious problems relating to the price structure are as follows: (1) cross consumer subsidies (the practice of charging one group of customers more than it costs to serve them, so that other consumers get a cheaper price), (2) distorted power pricing set by administrators, and (3) the peak, non-peak, and seasonal power prices do not adequately reflect supply and demand costs. 

3.4.2
Results of adjustments to pricing policies 

Most importantly, the government must change the approach for setting system prices for electricity, with the highest prices determined by the average social cost (which should include environmental costs).  This should ensure the reasonable allocation of limited resources. 

3.4.3
Impacts on the environment

Price of electricity and structure of the power sector

Electricity prices should reflect the total cost of providing the service and should be structured in a way that directs new investment to its most highly valued uses.  Pricing mechanisms that are able to take into account social costs (including pollution) can determine reasonable power price levels. 
Electricity prices set at levels that account for the highest average social costs of generation would motivate the implementation of technical energy-saving improvements.  This would allow individual enterprises to both increase their competitiveness by lowering their prices and improve the economic efficiency of the whole power sector.  The technical improvements and energy-saving measures would raise the utilization efficiency of raw materials, reduce emissions per kWh produced, and advance environmental protection.

Changes to the pricing structure for electricity should help to establish a more permanent and consistent relationship between consumers and power generation companies; help reduce situations where some consumers are subsidizing others; and abolish the use of some unreasonable factors that are currently considered when determining power prices (such as adding fees to electricity prices for local programs).  These adjustments would hopefully encourage consumers to use more electricity by lowering consumer prices.  If a buyer's market gradually emerges in the power sector, these adjustments will have helped promote the development of the power sector.  However, increased use of electricity will mean that the pollution caused by the power sector will also increase unless (1) consumers use more efficient appliances and (2) pollution is lowered in the generation process.  Also, if social costs are added to the price of power, electricity costs may not come down much, if at all.

In urban areas where the air quality is highly polluted, local governments are adopting measures to reduce the pollution levels.  They not only encourage individual households to use electricity for cooking and heating rather than directly burning coal, but also move power plants from urban to rural locations, where pollution levels are still relatively low.  Even though plants might continue to use coal to generate electricity, pollution is best controlled by installing controls at the generating site.  However, these measures do not help to improve greenhouse gas emissions.  In the long term, China should both reduce the use of dirty coal and use coal more efficiently.   

Using pricing policies to prioritize environmental protection within the power industry

We know that one possible result of the present power industry reforms is lower power prices.  Since the present power price does not cover the environmental costs of power production, how would the lower power price cover these costs?  To ensure that environmental protection is not disregarded as the power industry develops, the following three methods are recommended: (1) add a surcharge covering environmental costs to the price of electricity, as is currently the case with the SO2 levy, and raise the levy.  The government would use the money collected to fund pollution reduction and treatment measures, environmental protection, and the promotion of clean energy production and use. (2) levy a pollution tax on pollutants or levy an environmental tax on electricity.  The government could also use this tax income for pollution control, environmental protection, and encouraging the use of clean energy. (3) formulate efficiency and emission performance standards for power generation.  Based on the performance standards, determine the total emissions permitted from each generating plant and grant rights to emit.  Then establish an emission rights trading market.  Control the emissions of the power sector through the regulation of this market.

4. Environmental protection strategies for promoting sustainable development within the power sector

The following discussion of environmental protection policies for promoting sustainable development of the power sector will mainly focus on the following: (1) green pricing systems, (2) Generation Performance Standards (GPS), (3) encouraging the use of clean and renewable energy, and (4) taxing policies that provide systematic benefits.

4.1
Green pricing policies

To encourage environmental protection, the value of environmental resources should be incorporated in the cost of electricity.  The government should introduce green pricing policies both to promote the use of clean and renewable energy and to adjust the power source mix.  Pricing policies (such as price subsidies, preferential taxes, and allowing customers to pay a slight surcharge to buy only “green” electricity) can stimulate demand and thus encourage the development and use of clean energy.  

One of the key aims of power price reform is to maximize output and production efficiency at the lowest possible cost, ensuring that funds, fuel, and labor are used as effectively as possible.  To achieve these goals, the (competitive) power generation corporations will base their prices on the market, while  (monopolistic) transmission and distribution sectors will base their prices on the marginal costs.  

4.1.1
Power prices to cover environmental costs

Power price reforms should factor in the environment.  First, power prices should account for economic costs incurred in supplying power, including environmental protection costs.  At the very least, prices should cover power plant pollution treatment costs, but preferably also environmental deterioration caused by power plant emissions.  Second, pricing policies should encourage environmental protection in the electricity transmission and distribution sectors. 

The average cost of electricity generation in China is currently RMB 0.29/kWh.  The average price is less in plants that belong directly to the power network (these were generally established before 1985).  While these plants have no independent price of electricity, their internal settlement price is RMB 0.24/kWh.  In contrast, the average power generation price for plants established after 1985 is much more expensive, at RMB 0.33/kWh.  The average network price of electricity approved for 62 power plants in 1997 was RMB 0.41/kWh.  The average network price of the 70 power plants established in 1999-2000 was RMB 0.36/kWh.  The current pricing system allows old power plants, with serious pollution problems, to produce cheaper energy than new power plants that meet the emission standards.  This is detrimental to efforts to raise energy efficiency and reduce pollution.  If the power sector adopted GPS standards, power plants that produce serious pollution would have to update their technology.  Since new power plants do not require technological improvements, GPS could help to provide a more equitable basis for competition.

China’s prices for electricity currently do not cover the desulfurization costs of coal-burning power plants.  This reduces the motivation for power plants to install desulfurization equipment.  It is estimated that for a 300 MW generator using coal with a sulfur content of 2 percent in a high-efficiency wet desulfurization facility, the cost of desulfurization would increase the price by RMB 0.03/kWh. 

Incorporating desulfurization costs in the price for electricity would encourage coal-burning power plants to install desulfurization technologies.  Pricing mechanisms could promote environmental protection in two ways: (1) to encourage power plants to treat pollution and improve their environmental performance; and (2) to centralize funds for updating pollution treatment facilities and to compensate for the loss of environmental resources caused by emissions.  This could help solve funding problems for desulfurizing treatments in power plants. 

However, there are potential problems with this approach.  Pricing mechanisms might subsidize investment in control technology in dirty plants, thus giving them a competitive price advantage over plants that have already installed their own control equipment and are paying for it.  It is therefore important to consider carefully how such funds are used. 

4.1.2
Green power pricing policies

Green pricing policies can allow the incorporation of environmental protection in power price management.

Energy labeling (that specifies if the energy was generated at a pollution-treated plant or at a new and renewable energy site) would encourage power-generating enterprises to treat pollution.  This might generate consumer pressure and encourage power plants to “go green.” 

In the U.S., environmental protection in the power sector is strengthened through a green certificate program.  Each region must ensure that a certain percentage of its power is clean or produced by renewable sources.  Local power grids that are unable to fulfill the requirements must purchase green certificates from networks whose percentage of clean energy exceeds the requirements.  This policy promotes emission reductions and raises the percentage of power generated with clean and renewable energy.  

Since 1998, end-users in the UK have been able to select their power suppliers.  As a result, power providers were forced to compete, provide considerate services, and win their consumer’s trust.  In some cases, consumers prefer green energy and this affects their choice of power supplier.

Only if consumers have the right to select their power suppliers will they have the option to consider the environmental consequences of its production.  Given this choice, consumers will hold power suppliers accountable for their environmental pollution.  Green power sold at preferential prices would encourage consumers to buy green power.  In some cities in China some consumers may be willing to pay a premium for green power to make it a viable option.  

In the U.S., a small tax (called a systematic benefits levy) is added to the power price so as to both fund investment in end-use energy efficiency and promote the use of clean and renewable energy.  In China, a systematic benefits charge policy could be combined with an emissions levy policy. 

To implement a benefits levy, the government would have to formulate corresponding regulations and policies.  Such a levy would not only affect the formulation of power industry policies, but would also lead to the development of new technologies and raise efficiency.  Therefore, we would suggest that the relevant sectors work together to formulate a combined systematic benefits and emissions levy that fits China’s situation.

Control of power pricing can strengthen environmental protection.  However, strengthening the legislation that governs power prices and relying on the law to control power prices are vital to be effective in changing the structure of the power sector and protecting the environment.  Under the present Electricity Law, there are no provisions to restrict costs for power generation and supply.  We suggest that the revised Electricity Law set standards for pricing that integrate environmental and social factors, including investment in pollution treatment equipment and ensuring environmental costs are legally incorporated into power prices.

Power suppliers should improve their awareness of environmental protection and implement State policies for protecting the environment.  In the future, those responsible for setting policy for the power sector should consider including measures to penalize organizations that pollute heavily, and to protect and encourage those investing in pollution reducing equipment.  In addition, the government should develop regulations which reward the implementation of environmental protection measures economically, and which also encourage the development and use of renewable energy.  The Price Law and the Environmental Protection Law should incorporate these regulations.

4.2 GPS-based pollution control policy
Generation Performance Standards (GPS), also known as “Emission Performance Standards” (EPS), are pollution emission standards for the thermal power sector.  GPS provisions are based on electricity produced.  Thus, the GPS plays a role in promoting the use of clean energy, improving the generation efficiency and minimizing emissions. 

4.2.1 Introduce GPS as soon as possible 

In 1996, the government issued China’s standard, Air Emission Standards for Thermal Power Plants (GB13223—1996), which revised the 1991 emission standards for coal-burning power plants.  The new standard has been in effect for four years and has had a successful impact on air pollution control.  However, the standards are still imperfect in the following ways: (1) the maximum permitted emissions of SO2 are too loosely defined, (2) there is a lack of resolve to adopt high-quality fuel and advanced technologies, (3) emissions of NOX from thermal power plants are not controlled, (4) power plants using oil, gas or bio-fuels are not required to comply with air emission limits, and (5) power plants fueled by domestic refuse do not have clear, applicable standards.  Thus, the policy of “Air Emission Standards for Thermal Power Plants” requires urgent revision.

GPS is an output-based concept, so it is an excellent method to combine economic development and environmental protection.  It provides incentives for generators to invest in pollution control technologies, and it forces older plants, with high emissions but low efficiency, to modify their technologies.  These modifications will allow power plants to achieve success in a competition-based power market.  Thus, the introduction of GPS can help accelerate technical advances in the power sector, improve the management of power plants, facilitate sustainable development in the power sector, improve environmental quality, and promote the green power sector. 

The U.S. State of Massachusetts has successfully implemented GPS, effectively controlling the air emissions of power plants in the state.  China should learn from successes at both home and abroad and use these lessons to develop and improve its own system. 

4.2.2 GPS provides a foundation for power sector policies

GPS provides a foundation for future power sector policies, including sustainable energy development and market-oriented environmental protection policies. 

By 2020, China intends to limit its thermal power to a maximum of 70 percent of its total installed capacity.  China has formulated a series of regulations, standards, economic incentives, and preferential policies to help achieve this goal, but because the incentives, financing, and technologies are inadequate, the implementation of these policies is slow.  In some countries, power suppliers must obtain a certain percentage of electricity from renewable-energy sources.  For example, the US has introduced incentive policies to encourage co-generation.  Since co-generation plants produce and utilize both heat and power, the emissions per kWh of electrical output are reduced.  This can encourage the development of co-generation plants producing both heat and power. 

4.2.3 A pollution levy system (PLS) based on GPS and total-load systems
The current emission standards for PLS—which are based on the concentrations of emissions—are inadequate.  It is therefore necessary to adopt output-based standards. GPS could provide guidance for measuring a company’s emissions that satisfies the requirements of output-based standards.  GPS takes the emissions per kWh as its basis for calculating pollution output, so it provides two main factors used to determine if an enterprise complies with GPS, i.e., the electrical energy produced and pollution emission levels of the enterprise, which provide a basis for levying pollution charges. 

The recently revised Air Pollution Prevention and Control Law is designed to implement output-based PLS for air pollution control.  The establishment and enforcement of GPS could help further promote and expand the output-based PLS program. 

GPS output-based control policy

The air pollution control system will shift from a concentration-based to a total-load control (TLC) system, which will include the implementation of a pollution permit system and a total-load-based PLS.  The Managerial Regulations for Total Load Control of Pollutants, currently under formulation, will include specific provisions that will promote TLC, such as the calculation of total pollution loads for each sector and region, distribution of quotas, results monitoring, and supervision.  The regulations will include special provisions for promoting TLC for SO2, allowing it to be regulated and given a legal basis to ensure the effectiveness of the system. 

The power sector’s focus during the Tenth Five-Year Plan is to control SO2 emissions and enforce GPS to improve overall pollution control within the power sector.  In addition, GPS can help optimize the allocation of the total emission cap, making the allocation of quotas more equitable and rational.  GPS will facilitate the combination of TLC policy and practical measures with national policies for the power sector.  In addition, because GPS is based on pollution output and does not consider the differences in the plant locations, it can help expand the TLC system from key pollution control areas to the entire country. 

4.2.4 GPS-based emission trading policy 

In 1993, China’s State Environmental Protection Agency (SEPA) selected six cities to pilot an air emissions trading program.  Other parts of China will hopefully also adopt these emissions trading programs.  

A GPS-based emissions trading program could establish GPS as the basis for the allocation of emission quotas.  This would differ from the current method of quota allocation in China, which is based on environmental protection targets.  If the government promotes GPS throughout the whole country, some degree of conflict between the quotas resulting from the two methods will inevitably exist.  The government should coordinate and/or combine the two in a fair and rational manner. 

Because GPS policies aim to improve the utilization efficiency of energy, promote the use of cleaner energy, and reduce emission levels, the GPS-based emissions trading program would make pollution control more flexible and feasible.  At the same time, GPS policies would help the power sector achieve its environmental protection targets. 

4.3 Mechanisms for encouraging the use of cleaner and renewable energy
China has made great strides to develop new and renewable energy sources.  By 1998, China had set up 19 wind-energy power plants with 529 generators and a total peak capacity of 220 MW.  The annual production output of photovoltaics cells reached 2.1 peak megawatts (MWp), which accounted for 1.3 percent of the total production in the world.  The installed solar-energy capacity was 12 MWp, which accounted for 1.5 percent of the world’s total.  China has exploited ocean energy for nearly 40 years, and it has built eight tidal power plants.  There are 3200 potential geothermal sites across China, and more than 2000 have already been drilled.  Of these, 255 have significant electric-power generation potential from the use of high-temperature geothermal fluids.  Estimations suggest that geothermal energy in China has a potential capacity of 5800 MW, only 30 MW of which is currently developed.  Expertise has also progressed in other new and renewable energy fields, especially in terms of fuel cells and hydrogen energy. 

China has not yet effectively exploited clean and renewable energy sources, mainly because of inefficient technology and insufficient funding.  The effective exploitation of renewable energy requires advanced technologies and large up-front investments, with long payback periods and high risks, making it difficult to amass adequate funding for renewable energy projects.  In addition, lack of information about cleaner and renewable energy creates a reluctance to use alternative energy sources.  Many people are unaware of the shortage of traditional energy resources.  The energy industry is a huge and vital sector of the Chinese economy, but the basic structure of the industry has remained largely unchanged for years.  The barriers to the reform of the energy sector are mainly the result of an unwillingness to relinquish or modify traditional energy exploitation, production, and transportation methods. 

The government should therefore develop and implement policies and measures needed to support clean and renewable energy and provide mechanisms and a suitable environment to foster its further development.  China’s long-term energy development strategy demands that the country find a way to develop sustainable energy production.  In the short term, new and renewable energies, which generate little or no pollution, may only provide supplementary energy to meet urgent needs, but in the future they should become the foundation of the energy industry. 

Regulations and policies favoring new and renewable energy sources provide powerful tools to support sustainable development within the industry.  These measures should include establishing a comprehensive regulatory system, and formulating complimentary economic and technological development policies. 

4.3.1 Comprehensive regulatory system for the development of renewable resources

Strengthened legislation would encourage the development of renewable energy. Governmental bodies connected with the industry should study the new regulations and formulate specific plans for their rapid implementation.  Further clarification is needed as to (1) the percentage of energy at the local levels that must come from renewable sources, and (2) the conditions imposed on those plants that benefit from preferential policies, including the minimum economic and technical targets that they are expected to meet. 

The Energy Conservation Law, the Environmental Protection Law, and the Electricity Law all provide special regulations concerning clean and renewable energy.  The Electricity Law is currently under amendment to (1) promote clean and renewable energy in the generation of electricity, and (2) to improve the balance of the power supply. 

4.3.2 Economic policies for developing renewable resources

China’s economic policies on clean or renewable energy production (including preferential treatment and subsidy policies) only apply to non-electric sectors.  Since policies are established by a number of departments, economic policies often overlap.  In the reform of the power system, a single department should take responsibility for establishing a complete set of economic policies regarding clean and renewable energy in the power sector. 

The State Development Planning Commission (SDPC), the State Science Commission (SSC), and the State Economic and Trade Commission (SETC) conducted joint consultations with the financial and tax departments.  They formulated preferential treatment and other policies that encourage technological development.  These covered various aspects of financing, investment, credit, taxation, and pricing, and are based on the guidelines and planning targets for the development of new and renewable energy in China.  The new policies also take into account the technical characteristics, applicability on a national scale, and profitability of any new or renewable energy generation projects.  The development of these policies and regulations will increase the competitiveness of new and renewable energy producers in the power market, and enable them to rely on their own development potential to identify and occupy their appropriate market positions. 

4.3.3 Technological policies to encourage the development of clean and renewable resources

The government should establish a mechanism to encourage innovation in the field of renewable energy, as well as a mechanism to promote open markets and fair competition during development of renewable energy sources.  Approaches should include the research, exploitation, demonstration, and commercial operation stages.  Policies should actively encourage enterprises to support the development of renewable energy sources in a way that risks and profits can be shared. 

The government should also (1) encourage the expansion and improvement of research on new and renewable energy sources, and incorporate useful results into industrial energy production as soon as possible; (2) support new energy enterprises in order to establish a new and renewable energy sector with a large-scale production capacity.  This should lead to improvements in electricity reliability and quality (voltage and frequency), reductions in production costs, and an expansion of the market; and (3) establish a national-level monitoring system to standardize new and renewable energy products. 

The new and renewable energy sector needs a technical service system to assist its development.  Incentives should provide capable entrepreneurs with opportunities to create new-energy technology companies with expertise in the installation, testing, and maintenance of new energy equipment.  These companies should have access to technical guidance and professional training to ensure suitably high standards. 

4.4 Other relevant policies
In addition to policies designed to promote the sustainable development of the power sector, policies to encourage more efficient energy use, promote environmental protection, and strengthen environmental management can also ensure the sustainable development of the power sector. 

4.4.1 More efficient energy use 

The overall efficiency of China’s energy system is currently extremely low.  China’s end-use efficiency is only 10 percent of that in developed countries.  The efficiency of China’s generators is only 20 percent (70 percent of China’s generators are at a technological equivalent of those of the 1950s in developed countries).  There is therefore much room for energy saving in China, where the power sector can reduce an estimated 640 tons of CO2 and 24,700 tons of SO2 with every 100 MWh of electricity saved. 

Case studies and comprehensive analyses have shown that raising energy efficiency has great energy saving potential in China.  The application of internationally advanced technologies and facilities in China could halve the nation’s energy consumption.  The use of China’s advanced technologies and facilities could reduce its energy usage by 30 percent. 

Energy efficiency is the most practical and economic way for China to save energy.  Raising energy efficiency (1) reduces the demand for energy, (2) lengthens the life-span of non-renewable energy sources, (3) provides breathing space for the transition to renewable energy, (4) reduces environmental damage brought about by energy consumption, (5) limits investment required for energy development, (6) promotes healthy development of the economy, and (7) assists in the realization of sustainable energy development.  The national energy development strategy should therefore include energy efficiency laws and regulations. 

The changes in the structure of the industrial sector, technological improvements, and an open market can raise energy efficiency.  In urban areas, the use of cogeneration facilities can raise energy efficiency and improve the urban environment. 
4.4.2 Industrial policies for environmental protection in the power sector
In February 2000, SETC issued the document Key points for Planning the Domestic Development of Key Technology and Equipment for Desulfurization of Dust and Smoke in Thermal Power Plants, which sets out clear goals for domestic development of key desulfurization technology and equipment—providing guidance that was urgently needed.  According to this document, by the end of 2001, China should have largely completed (1) designs for wet desulfurization technology, (2) equipment for thermal power plants to facilitate the domestic development of desufurization equipment, with around 80 percent of equipment for wet desulfurization of dust and smoke domestically produced, and (3) domestic pilots of several other kinds of smoke desulfurization technologies and detailed plans for their development.  By the end of 2003, China should design all of its wet-smoke desulfurization technologies domestically, and manufacture over 90 percent of its wet-smoke desulfurization equipment domestically.  By the end of 2005, China should produce over 95 percent of wet-desulfurization equipment domestically and design other desulfurization technologies and processes domestically.  By the end of 2010, China should manufacture 100 percent of  its wet-desufurization equipment and design at least 95 percent of its other technologies and processes domestically. 

SETC proposed that power sector technical development in the short-term should focus on (1) the expansion of thermal power generators with large capacities, (2) high efficiency, (3) low pollution, and (4) the active development of new technologies that facilitate the use of clean coal for power generation.  Increasing the efficiency of coal-burning generators will help to improve the quality of the environment.  The use of modern technology to modify old hydro-power generators will increase the amount of power produced thereby leading to the more effective use of water resources.  SETC also proposed (1) strengthening programs for the development of key power transmission technologies, (2) encouraging trans-boundary interconnections between different power grids to optimize the allocation of resources and establish an effective system for the running of the power market system, (3) investing in the development and promotion of energy-saving and consumption-reduction technologies and speeding up the upgrades of medium and small sized power generators, old power generators, and urban and rural transmission and distribution facilities, and (4) studying large scale wind-generation technologies to provide a basis for the development of new energy resources.  These measures would reduce the loss of power and improve efficiency. 

SETC also established an overall goal to improve technical skills, so that the power sector could reach the highest international standards of the 1990s by the end of 1999, finally breaking through key technological power generation bottlenecks in terms of transportation, allocation, utilization, and environmental protection.  This should provide the industry with the ability to meet the requirements of the 21st Century. 

4.4.3 Enhancing environmental management 

In order to enforce policies promoting the sustainable development of the power sector effectively, the State Power Administration, power companies, and individual power generation plants need to increase their emphasis on environmental management, develop new approaches in this area, and improve their technical environmental management skills. 

Policies should focus on two main areas in order to enhance environmental management in the power sector.  First, improve the technical training given to environmental management personnel.  Help them increase their knowledge so they can apply advanced scientific approaches to environmental management problems.  Second, upgrade the equipment used for environmental management in the power sector, particularly that used for environmental monitoring, statistical calculations and information exchanges.  For instance, the regulatory bodies attempt to control SO2 emissions from power plants, but still lack effective methods to gather the necessary measurements. 

5. Conclusions 

The control of air pollution in the power sector is crucial to national air pollution control. 
The power sector is undergoing reforms in order to adjust its management and pricing systems and to encourage sustainable development.  The reforms of the power sector will inevitably impact the environment.  However, whether these impacts are positive or negative depends on how the new system is structured and how power industry policies are formulated and implemented.  The restructuring of the power sector is the perfect opportunity to ensure its sustainable development while protecting the environment. 

Reforms in the management of the power sector will further separate power plants from government administration, providing more independence in environmental management, upgrading the technologies used in production, and increasing energy efficiency.  The monopoly of the State Power Company will be divided. 

The competition resulting from restructuring reforms demands an even playing field that allows for fair competition among power plants, but also encourages clean and renewable energy development.  The government must therefore clarify the laws governing power plants in order to ensure the enforcement of environmental protection laws, regulations, standards, and policies.  In addition, the government should adopt polices of GPS-based pollution control, environmental protection, encouragement of cleaner and renewable energy use, and investment in end-use energy efficiency to move the power sector towards cleaner energy generation.

Power prices must incorporate costs for environmental damage, public health, and other social losses, not currently accounted for.  The government therefore needs to introduce a levy sufficient to cover the environmental costs of power production and use.  In the meantime, it should adopt other approaches, like emissions trading, in order to control pollution in the power sector. 

The environmental protection policies for promoting the sustainable development of the power sector should consist of: (1) green pricing systems, (2) Generation Performance Standard-based pollution control, (3) policies that encourage the use of clean and renewable energies, and (4) levy policies that provide systematic benefits.  These are illustrated in Diagram 2 below.

The sustainable development strategies of the power sector should be compatible with current reforms.  For example, the increased use of power sector pollution controls supports economic development by eliminating much of the environmental damage caused by power sector pollution.  If power plants were to integrate environmental costs of power generation and transmission into their internal costs, this would encourage both economic development and environmental protection: a win-win situation.

Diagram 2. The environmental protection policies for promoting the sustainable development of the power sector
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Summary of the Impacts of Power Sector Reforms on the Environment

	Reform
	Specific Measures
	Expected Results
	Possible Environmental Impacts
	Policy Advice

	Reform the Managerial System 
	· Separate enterprises from governmental administration. SETC* responsible for administering the power sector.
· Break the monopoly of the State Power Company.
· Environmental management mechanisms
	· Clear and fair managerial system. 

· More standardized power market.

· Eradication of power sector monopolies, providing more opportunities for competition.
	· Change in the managerial system should benefit environmental protection.
· Market competition promotes environmental protection. 
	· Enhance supervision and management of government power plants.
· Improve the monitoring of both the power production and the environmental pollution of power plants. Collect information in a timely manner.  

	Adjust  Operation Mechanisms
	· Separate power generation from the power grid. Introduce competition in providing power to the grid.
· Establish independent operating companies for power transmission and distribution.
· Power from same grid should have same quality and same price.
· 
	· Power generation plants and the operating companies of the power gird should become independent of each other. The power generation plants should be able to supply power to users through competition, and the power price may possibly decrease. 
· More power should become transported across provinces and regions. 
· Wherever the power is generated, the same quality power should always be the same price. 
· Increased use of electric power should change the energy structure. 
	· Though the efficiency will be raised, the total load of emissions will probably continue to increase. 
· Competition could harm the development of renewable energy.
· Transportation of power between different regions will allow for coal to be mined in underdeveloped regions. This will increase pollution in these regions. 
	· Implement total emission cap policies. 

· Establish mechanisms encouraging  the development of clean and renewable energy.

· Create compensation mechanisms to properly treat the relationship between coal-mining, power-generation, and power-consumption regions.

	Adjust Pricing System 
	· Move from government controlled pricing to prices determined by the market.

· Move from a pricing system of recovering cost plus reasonable profit to a system of market-oriented pricing with a certain level of governmental intervention. 
	· The pricing mechanism for the prices of power to grids should be changed, the maximum price should be decided by the average social costs for generation (which include pollution levies) rather than the individual generation cost, so as to make the allocation of limited resources more rational.
· Adjustment and reform in determining the price for selling electricity should make the price structure reasonable.

· Electricity prices should decline. 
	· Electricity prices should decrease, and the proportion of electricity-generated power (secondary energy) in the total energy mix should increase. 

· Currently, environmental costs are not taken into consideration in power pricing. 
· 
	· The following methods would enable environmental costs to be included in prices for electricity: (1) add-on fees; (2) emission or environmental taxes on energy use; (3) emission quota allocations and an emission trading market (GPS). 


* SETC = The State Economic and Trade Commission
Chapter 4. 
Energy Efficiency in the Power Sector

Summary 

China began to consciously promote energy efficiency and energy saving in the early 1980s.  Since then, power generation efficiency and electricity savings have progressed considerably; coal consumption has decreased from 448 grams of coal equivalent (gce) kWh of electricity supplied in 1980 to 401 gce/kWh in 1999.  End-use efficiency has also gradually improved.  Over the past two decades, progress in generation efficiency in China has played an important role in effectively easing pressure on electricity production.  This has contributed to the development of both the power industry and the national economy as a whole.

However, compared to advanced international levels, electrical power generation efficiency in China is still relatively low.  In 1999, the coal consumption per unit of power supplied in China was as high as 401 gce/kWh, 77 gce/kWh higher than that of Japan in 1997 (324 gce/kWh).  Unnecessary grid loss in China reaches an estimated 5 percent.  In end-use electricity consumption facilities in China, the weighted efficiency of all types of motors is 3-5 percent lower than that of foreign countries, and operating efficiency is 10 percent lower.  The potential for end-use electricity saving in China is estimated at about 200 x 109 kWh per annum.  These data indicate that power efficiency in China can be greatly improved.  
In the development of the power industry across the world, sustainable development is becoming a mainstream 21st Century objective.  China is chasing this trend, making efforts to achieve sustainable development.  However, the future of China’s sustainable power development remains uncertain.  Current power industry development levels, future development prospects, internal structural problems, and external factors all place constraints on resources and the environment, damaging China’s competitive edge.

In order to achieve sustainable power development, the traditional monopoly over power must be broken and a competitive market should be established in its place.  At the same time, in order to bring about a fundamental change from quantitative to qualitative growth, the power industry’s development strategy must be adjusted.  Energy sources, grid construction, and generation efficiencies must all be improved.  Power generation efficiency improvements will support and promote sustainable power development by (1) filling the future coal power supply gap, (2) providing an effective economic approach to resolving power related environmental problems, and (3) promoting competitiveness.

Ongoing institutional reform in the Chinese power sector faces a series of significant challenges.  Energy efficiency and environmental protection must be incorporated into the reform process.  Market-oriented energy efficiency investment mechanisms, incentive policies, laws, and regulations must be established in order to both promote continuous improvement of generation efficiency and to support the sustainable development of the Chinese power sector.

The conclusions of this report are based on foreign and domestic experiences and policies on generation efficiency improvement, trends in power sector reform and consolidation, and analysis of problems encountered in the quest to achieve sustainable development.  This report aims to promote long-term continuous efficiency improvements in the power sector and to make suggestions about how China can best achieve sustainable power development.  The principle policy recommendations are as follows:

(1) Create a legislation system that fosters energy conservation.

(2) Establish a system to enforce energy conservation laws.

(3) Foster an energy-saving market.

Below are specific incentive policies that take into account three factors: China’s current social climate, the existing conditions in the Chinese power sector, and the top priority policies of relevant decision-making departments.  The recommendations are as follows:

(1) Establish laws that stipulate electricity saving obligations of power companies.

(2)
Formulate and implement economic incentive policies to facilitate fair competition between electricity savings and production.

· Establish investment-recovery pricing systems for electricity that encourage energy conservation.  This would involve the inclusion of electricity savings into the price of electricity in the same way that supply costs are.  The return on energy conservation investments could be higher than production investments. 

· Power companies should be allowed to adopt financial incentives to promote end user participation in Demand-Side Management (DSM) projects.
(3) Set up an energy conservation trust fund.
(4) Formulate and implement energy-efficiency standards for electrical equipment. 
(5) Foster power sector Energy Service Companies (ESCOs).

(6) Strengthen dissemination of energy-saving information.
1. Generation efficiency and sustainable development of the power sector in China

1.1 World power sector development and generation efficiency

Sustainable development has become a key issue in power sector development around the world.  In order to meet the ever-growing requirements for social and economic development, the power sector needs clean and highly efficient systems.

Power sector reforms, which include energy efficiency improvements, should improve the operational efficiency of the power sector and reduce the negative impact on the environment caused by associated pollution.  Within the power sector, energy efficiency improvements increase power generation, transmission, and end-use efficiency. 

Power sector reforms have been successful in Denmark.  They began 20 years ago and focused on combined heat and power (CHP) generation, efficient energy use, and environmental protection.  At the same time, an environmental taxation system was set up under which CHP projects, characterized by high efficiency and environmentally beneficial performance, enjoyed tax breaks.  After 20 years of development, the Gross Domestic Product (GDP) in Denmark has doubled and power supply has increased.  Moreover, resource consumption has stabilized, the environmental impact has been greatly reduced, and the energy cost has hardly increased.  Today, in all of Denmark, there is not a single thermal power plant that does not supply heat, nor a single industrial boiler that does not generate electricity. 

In the beginning of the 1990s, the UK took the lead in liberalizing its traditional, monopolistic power sector management system in order to set up a competitive power market.  Following a decade of adjustments and improvements, the vertically integrated and monopolistic power management system that previously dominated production, transmission, and distribution has been transformed into a competitive market.  The UK reforms have been primarily characterized by the following: (1) the introduction of a competitive mechanism to provide corporate incentives; (2) the introduction of user choice to exert pressure on power production, transmission, distribution, and sales; (3) the shift in power generation from coal to natural gas; (4) the application of highly efficient combined cycle gas technology to replace expensive coal fired power plants and to reduce cost; and (5) the establishment of a powerful electricity and gas regulatory agency which is effective in regulating power companies and protecting users’ interests. 

In the UK, the combination of a competitive power market with a government CO2 reduction policy, provided incentive for power companies to invest in the improvement of energy efficiency and the reduction of pollution.  From 1991 to 1998/99, the UK’s combined-cycle gas turbine capacity increased from zero to 18.5 x 106 kW.  The thermal efficiency of combined cycle gas turbines is 40-50 percent higher than that of traditional power plants and pollution emissions significantly lower.  This figure illustrates a serious investment in cleaner and more efficient power plants.  In addition, since 1990, CHP capacity has increased by 84 percent, currently providing 6 percent of the country’s total electricity.

Power companies in the UK have promoted end-use efficiency through an energy advice hotline, informational brochures, and demonstration centers.  Power companies have invested in “energy efficiency performance standards” projects, which are designed to implement energy efficiency measures for domestic and small commercial customers.  During the first four years of the first round of “energy efficiency performance standards” (from March 1994-1998), the UK power sector invested an equivalent of U.S. $70 million in over 500 energy efficiency projects.  It is estimated that during the lifetime of these projects, electricity savings will amount to 6.8 x 109 kWh, equivalent to the annual electricity consumption of 2 million UK households.  These projects will also reduce CO2 emissions by a total of 6 mega tons (Mt).  

The concept of the UK’s power market reform has rapidly spread around the world.  Since the 1990s, Australia, New Zealand, Argentina, Mexico, the US and a number of European countries have all reformed their power markets.  According to World Bank statistics, almost half of the world’s countries are contemplating or implementing such reforms.  The countries that started early have already made significant achievements in areas that include energy efficiency, operational improvements, higher service quality, and lower prices.

The path to reform and development is not always smooth.  Restructuring of the energy markets in California brought about a well-publicized power crisis.  The causes of this crisis are complex.  One of the problems was that during the reform process, the state greatly reduced its investment in end-use energy efficiency.  In 1996, before the reforms went into effect, the California State government required utilities to invest in end-use power efficiency, such as DSM.  Utilities did invest, which achieved a reduction in the demand for power: between 1990 and 1996.  The average growth rate of the demand of electricity was less than 1 percent.  Although California invested in end-use efficiency, overall investment was reduced by 40 percent.  This contributed to a rapid growth of power demand and the resulting power crisis.  California subsequently passed legislation mandating a US $5.5 billion (109) investment fund for energy efficiency over the next 10 years. 

1.2 Status of power generation efficiency in China
The electricity sector consumes the bulk of primary energy in China.  Generation of electricity accounts for one-third of the total coal consumption.  By international standards, the power generation efficiency is low and waste runs rampant.  Below is a summary of China’s main efficiency problems:

(1) Low power generation efficiency

The majority of China still relies on coal power.  The use of oil and gas in thermal power generation is still relatively minimal.  Moreover, most coal fired generation units are medium or small-scale operations.  These units are very inefficient, therefore coal consumption per kWh produced is much higher than in developed countries.  In 1999, units of 50 MW and below still represented an 18 percent of the total installed capacity of power units, and 6 percent of these were low and medium pressure thermal units.  In the same year, the coal consumption per kWh supplied in China was as high as 400 gce/kWh: 30 percent (92 gce/kWh) higher than that of the former West Germany in 1995 (310 gce/kWh), and 24percent (77 gce/kWh) higher than that of Japan in 1997 (320 gce/kWh).  In total, China used 70 million tons of coal equivalent (Mtce) more coal in 1999 than Japan did in 1997.

(2) Low transmission and distribution efficiency
For a long period of time, China’s investment priority has been power generation, to the neglect of power delivery.  The construction of transmission and distribution facilities lags far behind power production and cannot meet the needs of increased generation.  Insufficient transmission and distribution facilities and equipment result in a weak grid.  Transmission and distribution losses are high, averaging an estimated 20 percent.  Beilu Power Utility loses the least amount of power at 8.2 percent.  In comparison, the average loss for the ten largest power utilities in Japan in 1997 was only 9.3 percent, less than half that of China.  Acceptable grid loss in China is estimated at 15 percent, indicating an unacceptable loss of at least 5 percent.  Given total power generation in 1999, the total unacceptable loss during transmission and distribution was estimated at around 60 x 109 kWh.

(3) Low end-use efficiency

Of the end-use equipment in China, motor driven systems such as fans, water pumps, and compressors consume 60 percent of the total electricity.  In 2001, the total installed load of all types of motors exceeded 400 x 106 kWh and has been increasing by several million kilowatts per year.  Eighty percent of the motors are small or medium asynchronous motors with a 0.55-200 kW ratings, and 70 percent are JO2 series motors of late 1950s technology.  Only 30 percent of motors are of the late 1970s Y series.  Only a small number are 1980s YX series high-efficiency motors.  Overall, the technology level of motor-driven systems in China is equivalent to that of developed countries during the 1960s.  According to preliminary calculations and analysis, the weighted efficiency of all types of motors is 3-5 percent lower than that of foreign countries, and the motor-driven system efficiency is 10 percent lower than that of other countries.  In addition, lighting consumes 10 percent of total electricity.  As low efficiency lights are widely used, wasted electricity is estimated at dozens of billions of kWh every year.  

1.3 Negative impact of power sector reforms on generation efficiency in China
China’s power sector reforms have been carried out in two phases.  The theme of the first, lasting from 1978 to 1997, was “raising power generation funds from all sources.” The second phase, which began in 1998, focuses on the establishment of a power market through the separation of government and commercial utilities.

The significant achievements of power sector reform in China are well known and undeniable.  However, the reforms have also had negative impacts, such as on power generation efficiency.

1.3.1 Negative impact of first phase reforms on generation efficiency

The primary objectives of the first phase of power reforms were to accelerate power generation installation and power production, release stress on power supply, balance supply with demand, and resolve the power shortage in order to promote national economic development.  The reforms sought quantitative growth in generating capacity in order to satisfy the increasing demands of society.

To meet this objective, the power sector began “raising funds for power generation from all sources.” Foreign and domestic investors were contacted and encouraged to invest in power generation in different provinces.  This led to a new pattern called “diversified investors, multi-financing channels, and various production mechanisms,” and resulted in significant growth in power investment, installed capacity, and electricity generation.  In 1997, the installed capacity in China was about 240 x 106 kW, producing 1.1 x 1012 kWh of electricity.

The first phase of reform addressed the long-term power shortage problems facing regions across the country.  However, while the quantitative demands of society were satisfied by the growth in installed capacity and power generation, qualitative needs were neglected, leading to detrimental impacts on power generation efficiency.  

(1) Impact on generation efficiency

When the power investment system reforms were implemented in the mid 1980s, the financing of the power sector expanded.  This resulted in rapid growth of installed power capacity.  As many independent firms and local governments installed small thermal power units, capacity grew annually from 4,000-5,000 MW in the early 1980s to 8,000 MW in the mid 1980s.  In eastern coastal areas, where the economies are more developed, the share of small coal and oil power units is currently about 20 percent.  These small units undeniably contribute to national economic development, but they are also inefficient and heavy polluters.  Only because of local government protection and subsidies are they able to compete with larger power units.  Yet these small coal and oil generators are the major cause of low power generation efficiency in China.  In 1980, the average coal use per thermal plants was 413 gce/kWh.  Between 1985 and 1989, this figure hovered around 397-398 gce/kWh, and by 1997, it was still 375 gce/kWh.  Seventeen years had yielded only a mere 10 percent improvement.

(2) Impact on transmission and distribution efficiency
In the first phase of reform, when installed capacity and power generation were pursued, the power delivery component of the system was neglected.  Where developed countries commonly divided investment evenly between power production and construction of transmission and distribution systems, in China, power generation enjoyed 80 percent of total investment funding.  Grid investment was only around 20 percent, and in some years, it dipped below 17 percent.  As a result, the construction of transmission and distribution systems fell far behind the pace of power production, and these systems were unable to accommodate new levels of power production.  The key grid framework is therefore incomplete, the construction and modification of city grids have not met customers’ growing demands, and low quality rural grids have antiquated facilities and extraordinarily high transmission losses.  During the first phase of reform, high voltage transmission losses were above 10 percent, and losses from low voltage lines (10 kV and below) reached 8-15 percent.  Rural grid transmission losses were especially high, sometimes reaching 25-30 percent.

1.3.2 Impact of second phase reforms on power generation efficiency 

The second phase of reforms started in 1998 and is still in progress.  At its core, is the separation of government functions and business management, along with the establishment of a power market.  In March of 1998, the Ninth National People’s Congress passed a resolution to eliminate the Ministry of Power Industry (MOP) and set up the commercially operating State Power Corporation (SP), signifying the separation of government functions and business management at the central government level.  The government administrative functions of the former MOP were transferred to the State Economic and Trade Commission (SETC), while the operating functions were transferred to the China Power Enterprises Alliance (CPEA).  The separation of government functions from business functions at the provincial level has increased as provincial power bureaus have been eliminated one by one.  By the end of 2000, provincial power companies were operating commercially.  The former power corporations were restructured and became branch companies under the SP.  Now, other power sector market reforms are being explored.  With the State Council’s approval, the policy to separate power generation and the transmission grid, known as “competitive grid pricing” has been demonstrated in six provinces and cities: Shanghai, Zhejiang, Shandong, Liaoning, Jilin, and Heilongjiang.  China is currently constructing the support systems for competitive grid pricing.

The priorities of the second phase of reform are market reform, company restructuring, and commercial operations.  Power generation efficiency has again been neglected, which is likely to lead to the following series of problems:

(1) Weakening of administrative functions for energy conservation

Before 1993, the energy conservation department of the Ministry of Energy was responsible for managing power generation efficiency.  It carried out tasks to improve generation efficiency in the power sector, including reducing coal use per kWh, cutting individual power use, and reducing transmission and distribution losses.  Meanwhile, the affiliated National Electricity Conservation Office was responsible for end-use electricity conservation, which included the development of a plan to reduce consumption of electricity, limits for electricity-use by various appliances, and electricity consumption standards for equipment; the monitoring of electricity use; and the promotion of demonstration projects and advertisements for reducing electricity use.  

In 1993, the Ministry of Energy was eliminated and replaced by the MOP.  All generation efficiency and end-use electricity savings management functions were transferred to the power-use division of MOP’s production and safety coordination department.  The National Electricity Conservation Office works alongside this division but is managed by SETC.  Power-use divisions were created at every provincial, city, and county level that performed electricity saving tasks.  In the early 1970s, the Three Power Office established provincial and municipal power bureaus, which were managed by local economic commissions (that later became economic and trade commissions in the 1990s).  These bureaus were responsible for safe power use, advance power planning, and power savings.  Their end-use electricity conservation responsibilities, included monitoring and examining power use patterns and the consumption by major enterprises; promoting electricity saving technologies; improving power management; and rewarding those who encourage power savings and reduce waste. 

In 1998, the MOP was eliminated and its government functions were transferred to SETC as a means of separating government functions from business management.  In the process, the administrative functions of the National Electricity Conservation Office for the saving of electricity by end-users were not transferred to a proper government institution.  Local power supply bureaus have been eliminated and their responsibilities transferred to local economic and trade commissions.  Local National Electricity Conservation Offices are gradually being phased out, although some are becoming marketing departments for power supply companies (formerly power supply bureaus), taking on the responsibility of power marketing instead of power conservation.  Therefore, end-use electricity saving is currently in a governmental vacuum. 

(2) Deterioration of incentives to promote investment in end-use energy conservation

Before the separation of government functions from business management took place in 1998, operators themselves invested in end-use electricity savings.  As an incentive, the local Three Power Office provided financial subsidies to some projects.  The subsidies came from three main sources:
· Fines imposed when products and equipment exceeded the business’ electricity use limits.

· Fines imposed when businesses exceeded planned electricity use.

· Other fines imposed for violating electricity use rules.

The State appropriated funding for the National Electricity Conservation Office for the following purposes:

· To invest in energy conservation engineering projects in enterprises.

· To provide funding for businesses to analyze their electricity benchmarking and energy conservation potential.

· To carry out energy conservation training and education.

Following the power sector reforms of 1998, central and local governments have neither formed channels for raising funds for end-use electricity savings, nor created concrete incentive measures to suit the market economy.  Power companies lost the Three Power Office as an energy conservation investment source, which has led to difficulties in promoting conservation through financial incentives.  Hence, the impetus for reducing end-use electricity use has been greatly weakened. 

1.4 Constraints facing sustainable power development in China

1.4.1 Objective view of the development level of China’s power industry

China is the second largest producer and consumer of electricity in the world.  By the end of 2000, the total installed power generation capacity in China had reached 320 x 106 kW, producing 1.35 x 1012 kWh of electricity.  Since 1997, fundamental changes have taken place.  Power supply and demand have been balanced, mitigating the serious power shortages that had long disrupted national economic development and people’s daily lives.

However, for a developing country with a large population, the power industry in China is currently at an early stage of development.  Although overall stresses on power have lessened, the situation is not consistent across the country.  In some areas, power is abundant and supply is balanced with demand.  In other areas, power use quotas have been readopted because insufficient peak power supplies have led to power-cuts without warning.

In 1999, despite ranking second in the world in total installed capacity and power production, China’s per capita installed capacity remained as low as 0.24 kW, while its per capita electrical energy generated was only 980 kWh.  In Shanghai, where per capita generation is the highest in the country, per capita installed capacity in 1999 was still only 0.65 kW, while per capita generation was only 3,300 kWh.  In comparison, the former Soviet Union’s electricity generation per capita in 1991was 5,700 kWh, far surpassing even Shanghai’s per capita generation 8 years later.  Per capita electrical generation in other parts of China, lag far behind Shanghai’s, particularly in central and western China.  For example, in Jiangxi, Qinghai, and Chongqing, per capita generation is 50 percent lower than the national average.

At present, China’s per capita installed capacity and per capita generation are only 41 and 40 percent, respectively, of the world’s averages.  China’s per capita installed capacity and per capita generation are 5.8 and 5.15 percent, respectively, of Canadian levels; 7.5 and 7 percent of American levels; and 9.5 and 10.5 percent of Australian levels.  At the end of 1999, electricity represented only 35 percent of national primary energy consumption.  Furthermore, at the end of 2000, 30 million Chinese still lacked access to electricity.

1.4.2 Prospects for future power industry development in China

Foreign and domestic research organizations have undertaken many studies and produced numerous forecasts on middle- and long-term economic growth in China, with varying results.  Most agree that, in the middle- and long-terms, economic growth in China will be rapid and sustained.  An optimistic forecast made by the State Council Development Research Center suggests that the economic growth rate will be around 7.3 percent between 2000 and 2020.  In contrast, a conservative World Bank estimate predicts that the GDP growth rate will equal 6.9 percent between 2001 and 2010, slowing to 5 percent between 2011 and 2020.  These studies all suggest that while China’s future growth rate may be lower than that of the past 20 years, the scale of development will remain exceptional.

Projections anticipate that China’s population will also increase over the next 20 years.  The population is expected to grow at a rate of 0.82 percent between 2000 and 2010, and at a slower rate of 0.67 percent between 2010 and 2020.  If these predictions hold true, the population will total almost 1.5 billion by 2020. 

Development is an important approach and the key to resolving many of China’s most serious issues.  Development of the power industry must be compatible with national social and economic development.  Based on the forecasts for the next 20 years of population growth and rapid economic development, it appears that the power industry will need to continue its large-scale expansion.  Indeed, the Electricity Law states that construction of power facilities will remain at the forefront of development.  According to anticipated social and economic development over the Tenth Five-Year-Plan (FYP) period, the power demand growth rate is estimated to be around 6 percent.  The Power Development FYP suggests that by 2005, total installed capacity will reach 390 x 106 kW, producing 180 x 109 kWh of electricity.  It is also predicted that per capita installed capacity and electrical production will equal 0.28 kW and 1,260 kWh, respectively.

Based on market elasticity theory, the China Power Information Center has forecast that by 2010, the installed capacity and electrical demand will reach 570 x 106 kW and 2.5 x 1012 kWh, respectively.

Other forecasts indicate that by 2020, total installed capacity will be 750 x 106 kW, suggesting that there will be a 450 x 106 kW net increase over the next 20 years.  By 2020, the population is likely to have reached 1.5 billion, with a per capita installed capacity of around 0.5 kW.  The per capita electrical generation will probably have increased to 2,500 kWh, compared to 1,000 kWh in the year 2000.

1.4.3 Internal structural issues in the power industry

As a result of its rapid change, the power industry has developed serious internal structural problems.

(1) Over a long time period, the emphasis on power plant construction has resulted in an inadequate grid.  Rural and urban grid construction is seriously lagging behind power plant construction: technology, equipment, facilities, and economic levels are all incompatible with power source development.

(2) Coal dominates power generation.  Currently, 75 percent of the generating units are coal fired, while hydro and nuclear make up only about 24 percent and 0.7 percent of power generation, respectively.  Renewable energy is minimal at 0.1 percent.  Thermal power accounts for 80 percent of power generation.

(3) Too many generating units are small and provide little overall benefit to the grid.  In 1999, 18 percent of units produced 50 MW or less, while 6 percent of units were medium and low pressure thermal units that utilized coal and produced high levels of pollution.  

(4) The geographic distribution of power sources is not rational.  Many coal-fired power plants have been built in eastern regions where energy resources are scarce, producing pollution and imposing a heavy burden on transportation.  In western regions where energy resources are abundant, energy is not greatly developed and power developers do not take advantage of local resources.

(5) A gap remains between China and advanced countries in power technology.  The potential of technological progress in power development is therefore huge.

1.4.4 External influences on power industry development

Globalization and China’s accession to the World Trade Organization (WTO) will certainly affect power industry development.  As the policy of openness progresses and China increasingly depends on the international economy, China will inevitably continue its path towards globalization.  While continuing to develop in the international marketplace, the power industry must break domestic resource and market constraints, fully utilize foreign and domestic resources and markets, and—based on costs and benefits—provide the safest and most economic power possible. 

National economic development has turned the Chinese economy into a buyer’s market.  The production capacity for common industrial products and consumer goods is excessive.  Economic restructuring will take some time, and the traditional industrial structure will experience great changes when exposed to the fast pace of the global economy.  Therefore, the growth pattern of China’s power industry must be transformed to encourage qualitative improvements rather than just quantitative growth.

Meanwhile, technological progress and innovation, learning about the global economy, and the development of the Internet all continue.  In order to promote China’s future development, technological innovations need to be encouraged, advanced technologies and high-tech industries need to be developed, and leap-frog developments need to be promoted.  To this end, two fundamental changes need to be accelerated in the power industry: (1) implementation of technological innovations to foster structural change, and (2) the establishment of an information network and the increase of technical expertise.

Finally, because China’s coal-dominated energy industry has created serious environmental problems, ever more-stringent environmental regulations must play a role.  This was recognized in April 2000, when the National People’s Standing Committee passed the amended Air Pollution Prevention and Control Act, which stipulates new emission restrictions.  Pollution prevention and control must become a priority of power industry development. 

1.4.5 Constraints facing sustainable power development in China

Sustainable development will take the forefront in world power development in the 21st Century.  As part of this process, China is already taking steps toward a sustainable future.  However, China’s sustainable development faces a variety of possible constraints due to the current status of its power industry, development prospects, internal structural problems, and the external environment.

(1) Resource constraints

Although China is endowed with abundant coal resources, per capita energy resources are low.  Exploitable coal resources are less than 100 tons per capita, about half the global average.

Forecasts predict that raw coal demand in China will total 1.25-1.3 x 109 tons by 2005, 1.35-1.4 x 109 tons by 2010, 1.45-1.5 x 109 tons by 2015, and 1.55-1.6 x 109 tons by 2020. 

With increasing knowledge of the ecological impacts of mining and development, technical and economic assessments of mineral resources should include an environmental component.  With this in mind, the China Coal Field Geology Administration has devised a method to appraise mineral resources, factoring in environmental impact.  They have named this process “effective coal resource supply capacity.”

“Effective coal resource supply capacity” can be defined in terms of economics.  For economically feasible coal resource exploitation to take place, environmental impact must be limited and external costs internalized.  In other words, mine development must be technically feasible, economically rational, and in compliance with relevant national environmental protection standards and policies.

The China Coal Field Geology Administration estimates that by 2010 the effective coal resource supply capacity in China will be able to meet national economic development goals under two conditions.  First, that key coalmines be explored by standard boreholes, and second, that coal demand in 2010 not exceed 1.4 x 109 tons.  In the long term, however, effective coal capacity will be insufficient.  Based on the current conditions in the coal industry, effective coal capacity is not able to satisfy national economic development because of its impact on the environment.  The neglect of resource and environmental costs, coupled with cheap labor, has led to excessive coal production in China.  Coal mining continues, despite wasted resources, negative environmental impacts, and tens of thousands of casualties annually.  China’s total coal resources are indeed abundant, but its effective supply capacity remains insufficient.
Although China’s power generation is diversified between thermal, hydro, nuclear, and renewable (wind and solar) energy sources, the degree of its reliance on coal mandates that the power generation structure will remain coal-dominated for the foreseeable future.  In the long term, the power industry is likely to expand in parallel with the economy, leading to a major increase in coal demand.  This increase will put heavy pressure on the domestic coal supply.  Forecasts indicate that by 2020 total installed capacity will reach 750 x 106 kW, a 450 x 106 kW net increase from current capacity.  In contrast, the domestic coal supply for power generation will only increase by 500 Mt, making a supply gap unavoidable.  The requirements of “effective coal capacity” will soon become a resource constraint for the future of China’s sustainable development.

(2) Environmental constraints

During the 20 years of reform and opening-up, the Chinese economy has undergone rapid and continuous development at the expense of the environment.  Air quality has deteriorated due to large-scale, low-efficiency energy utilization.  Rapidly increasing energy consumption and a coal-dominated industry have produced rising emissions of SO2, dust, Total Suspended Particles (TSP), and other air pollutants. 

Seventy-five percent of the air pollution in China is caused by coal combustion, which emits TSP and SO2 pollutants.  Coal combustion contributes 85 percent of the SO2 emissions, 70 percent of the dust emissions, and 60 percent of total NOx emissions.  In 1999, SO2 and dust pollution totaled 18.6 million tons (Mt) and 11.6 Mt, respectively. 

Coal-induced air pollution presents a serious threat to the environment.  The most significant problem is acid rain caused by SO2 emissions.  Since the 1980s, the frequency, intensity, and geographic distribution of acid rain have increased every year.  In 1999, 30 percent of Chinese territory was affected by acid rain.

Although methodologies and data vary between foreign and domestic research institutions, they all agree that air pollution has huge economic costs.  One study showed that, in 1995, acid rain caused losses in agriculture, crops, forests, and public health totaling RMB 110 billion, 2 percent of that year’s GDP.  A World Bank report noted that, in the same year, air pollution caused China losses of US $48 billion (calculated by willingness to pay) and US $20 billion (calculated by human resource value).  Other experts estimate that, in the early 1990s, direct economic losses caused by environmental pollution were equivalent to 7 percent or more of China’s GDP.  The total social cost of environmental pollution—including pollution control expenses and decreasing environmental quality—has been estimated at 10-15 percent of the GDP.  A third of these losses can be directly attributed to air pollution.

Air pollution, caused by energy use, not only deters sustainable energy development in China, but also limits economic development and the improvement of living standards.  The power industry is the largest primary energy consumer in China, and accounts for over a third of the coal consumed.  It is also the largest SO2 emitter: in 1999, national SO2 emissions totaled 18.6 Mt, of which 8.1 Mt (44 percent) came from thermal power plants.  Moreover, the power industry is expected to expand in the future.  If no effective SO2 emission control measures are adopted, SO2 emissions from the power industry alone will exceed the current national total level by 2020.  This will result in intense pollution and an expansion of acid rain affected areas, thus further increasing the environmental burden.  The impact of SO2 emissions and acid rain are long-term.  Huge treatment expenses will place a heavy burden on the nation and constrain future economic development, which in turn, will affect the development of the power industry.

Fortunately, environmental protection continues to gain momentum as public pressure mounts and the government steps up legislation and enforcement.  In September 1987, the Air Pollution Prevention and Control Act was promulgated.  The first amendment to the Act was passed in August 1995; the second was passed in April 2000 and took effect on September 1, 2000.  Implementation of the Act and its amendments will have long-term effects on the coal-dominated power industry. 

· The mass of key pollutants in control zones is now regulated; total discharge permits are applied to enterprises; and the industry is to abandon heavily-polluting, antiquated production technology and equipment.  New or expanded thermal power plants that emit SO2, along with power plants that exceed pollution discharge standards or total control indicators, are required to engage in desulfurization, dust removal, or other measures to control emissions.  In the “two control zones” that currently exist, power plants that exceed pollution discharge standards are required to implement control measures within a set time frame.  Such measures will accelerate the closure of small units and increase the difficulty of building new thermal power plants in these zones. 

· The stricter, amended Act will also increase construction and operating costs for power companies.  According to the Act, standard pollution-violation fines and other penalties will be made more severe.  Pollution control requirements will increase the cost of constructing new power plants. Requirements for using low sulfur coal, controlling SO2 emissions, and installing pollution controls by fixed deadlines will also increase operation and retrofit costs.

Moreover, following the amended Act, the State formulated a series of regulations, including the Air Pollutant Emission Standards for Thermal Power Plants and the Regulation on Highly Polluting Fuels.  Environmental legislation and enforcement is therefore likely to become more stringent in the future, which should lead to a lowering of emission thresholds and increasing the severity of economic penalties for inefficient, highly polluting power plants.  

(3) Pressure on competitiveness
As the world’s economies continue their trend toward globalization, China follows suit with policies of openness.  Furthermore, China’s entrance into the WTO will increase the effects of globalization on the domestic economy.  Each sector and industry will face increased pressure from international competition, and the economy as a whole will be challenged to survive and develop in the global market. 

At present, the industrial sector is the dominant energy user in China, and energy makes up a major portion of industrial production costs.  For instance, the energy costs in the energy intensive industries of iron and steel, aluminum, large building material enterprises, fertilizers, and petrochemicals make up 25 percent, 50 percent, 40-50 percent, 70-75 percent, and 40 percent, respectively of their costs.  In 1997, the average energy consumption of 33 products from 11 major industrial sectors (coal, petrochemicals, power, iron and steel, non-ferrous metals, building materials, chemicals, light industry, textiles, railways, and transportation) was 46 percent higher than for the equivalent outputs from countries using advanced international technologies.  High-energy costs weigh down the economy and decrease the competitiveness of domestic industries, especially energy intensive ones. 

It follows that the more energy-intensive an industrial product is, the greater its disadvantages and difficulties in the international market.  For that matter, even the domestic market holds no guarantees.  Adjustment in energy intensive sector restructuring, including the production of more energy efficient products, can improve the energy intensity in this sector, but this requires significant time and effort.  However, restructuring within this sector will inevitably affect the demand for electricity and in turn, the expansion of the power industry. 

The power industry has long held a monopoly in a noncompetitive market.  No market pressures were placed on the power industry; dispatchers arranged power generation while the central government set prices and staff salaries.  As a result, the number of staff in the power industry is excessive and operational efficiency is low.  These problems are unlikely to change without competition or incentives, but competition in the international market is likely to force a change. 

1.5 Role of generation efficiency in sustainable power development in China 

In order to achieve sustainable power development, two strategies must be coordinated.  On the one hand, significant power-system reform is needed to break the traditional monopoly and establish a competitive power market.  On the other, the power industry must adjust its strategies, moving from an emphasis on maximizing production to one that emphasizes qualitative factors.  This strategy needs to encompass the choice of power generation sources, generation efficiency improvement, and grid construction and upgrades.  Improvements in power generation efficiency will support and promote sustainable power development in the following ways:

(1) Filling the coal power-supply gap of the future

Improvements in power generation efficiency directly fill the coal-supply gap.  First, CHP and new combined-cycle gas, heat, power, and cooling technologies must be promoted.  Super critical and combined-cycle gas units must replace over-worked small condenser units with low-efficiency, high consumption, and heavy emissions.  Furthermore, medium- and high-pressure units must be renovated.  If all existing small thermal units are discarded and medium- and high-pressure units are renovated, the net efficiency of thermal power units can increase from 29 percent to 35 percent.  Second, through grid construction, modification, and the reduction of transmission loss, transmission and distribution efficiency can be improved.  Third, if power authorities combined electricity saving investments with demand-side management, they would effectively reduce end-use power demand and increase end-use electricity efficiency—reducing the demand for new power stations.  These improvements in power generation, transmission, distribution, and end-use electricity efficiency can reduce the amount of coal needed for power generation, thus helping to close the coal-supply gap.  Pressure on the domestic primary energy supply will be lowered, and power needed for national social and economic development will be safeguarded. 

(2) An effective economic approach to resolving power related environmental problems

The biggest constraint to China’s future sustainable power development is the emission of SO2 and dust in power production.  Solving these problems demands a combination of strategic measures, including changing the balance of energy sources, developing clean coal power generation technologies, and improving power generation efficiency.  Not only will changing the mix of power sources and the wide application of clean coal technology take time, but they also involve risks and require large injections of funds.  However, improvements in generation efficiency are an economic and effective solution to power related environmental problems.  They can bring immediate energy savings and air pollution reductions, as illustrated by years of foreign and domestic experiences.  Although the amount of electricity generated increased by 100 x 109 kWh between 1995 and 1999, the total SO2 emissions of thermal power plants during this period decreased by 140,000 tons (a drop from 8.24 Mt to 8.1 Mt).  Power generation efficiency improvements played an important role in this reduction.  In the short-, medium-, and long-terms, generation efficiency improvements represent an economic and effective approach to solving power-related environmental problems.

(3) Increasing competitiveness

For a utility, an industry, or a country to exist in the new global economy, it must be able to compete.  Power savings and efficiency improvements will be vital for industries whose energy use is dominated by electricity to reduce production costs, increase profits, and improve competitiveness.  This is particularly true for energy intensive industries, such as those producing iron and steel, chemicals, and building materials.  The improvement of industrial competitiveness will increase power demand, and thus promote the growth and development of the domestic power industry.  Moreover, improvements in power generation, transmission, and distribution efficiency will increase the power industry’s operational efficiency and competitiveness in the international power market. 

2. Policies and practices to improve efficiency in the use of electricity

Energy efficiency improvements will support and promote sustainable power development in China.  Yet one of the greatest challenges facing power sector reform is the incorporation of the efficient use of electricity into the reform process.  Energy saving policies, laws, regulations, and investment incentives must all be utilized concurrently to improve energy efficiency.  This section will discuss foreign and domestic policies to improve the efficiency of electricity use and their implementation. 

2.1 Role of various mechanisms in improving efficiency in the use of electricity

Since differing national conditions produce different policies and results, each country’s development process requires distinctive mechanisms to implement energy efficiency.  In general, policy measures include the following: providing information, instituting regulations, setting standards and prices, adding taxes, providing economic incentives and market-based investment mechanisms, and research and development of energy-saving technologies.  In addition, environmental regulations have played an important role in the improvement of energy-use efficiency and in the reduction of power demand. 

(1) Information services
Information about energy conservation provides users with technical and economic data necessary to make decisions on reducing electricity consumption.  Such information plays a strategic and effective role in filling the gap between conservation potential and end-use electricity efficiency. 

Governments have various measures at their disposal for providing information.  They can arrange informational activities, energy audits, efficiency indicators, labeling, and monitoring.  All these measures can be effective in impacting the economic awareness of power users.  Users cannot make objective market decisions without energy cost information.  Power users need accurate and direct information, including energy cost, in order to invest wisely in energy conservation technologies, and overcome market barriers.  After power use equipment and facilities have been reliably measured, independent monitors should provide accurate data to domestic, industrial, and commercial users.  Reliable information will attract participation from socially-conscious individuals and organizations. 

(2) Energy-efficiency standards
Many countries have introduced energy-efficiency standards for power-using equipment and appliances.  Although considerable technical knowledge is needed to avoid the negative economic effects of unscientific standards, once in place, standards are effective and easily disseminated.  In addition, technical breakthroughs and fluctuations in electricity prices will not reduce the industrial sectors’ investment in research of high-efficiency power technologies or the introduction of such new technologies.  Energy-efficiency standards are adaptable to economic change. 

(3) Pricing and financing policies

The price of electricity drives improvement in the efficient use of electricity.  If the electricity price is set correctly, it will guide investment in energy efficiency in the right direction.  Investments in energy efficiency depend on the decisions of millions of organizations and individuals.  These decisions are not made collectively; they are based on market demand and electricity prices that indicate power supply ability and end-use power efficiency.  In countries with International Energy Agency membership, electricity prices are set to bring economic benefits and eliminate market distortion.  For example, electricity prices not only reflect long-term marginal costs, but they also internalize the environmental costs of power production and utilization.

Taxation is another important policy instrument that influences consumer behavior.  In order to address climate change, some European countries have considered collecting environmental energy taxes.  Denmark has adopted one such tax on fuel that is determined by the sulfur and carbon content.  Plans are underway to expand this tax to the industrial and commercial sectors. 

(4) Other economic instruments

In addition to taxation, various other financial incentives may be adopted in order to promote energy efficiency improvements, such as grants, low-interest loans, and tax breaks.  These measures have, in the past, promoted investment in energy efficiency technology and accelerated technical innovation.  On the other hand, if implemented improperly, these measures can have excessive costs.  In the worst case, consumers misappropriate state investments for their own use, which leads to an obviously incorrect distribution of resources. 

(5) Market based energy-saving investment mechanisms
Since the mid-1970s, some countries have made use of a market-based energy-saving investment mechanism called contract energy management.  This mechanism uses energy savings to reduce the costs of energy.  In other words, energy savings pay for the cost of a project.  In the traditional power-producing model, investing enterprises assume all risks and profits of energy saving projects themselves.  Yet in the contract approach, the enterprises investing in energy-saving projects are not required to provide large, up-front investments.  A number of countries have successfully implemented this investment mechanism, which has been developed and improved over the last 20 years.

(6) Promotion of Integrated Resource Planning and Demand-Side Management

Promoted globally during the 1990s, Integrated Resource Planning (IRP) and Demand-Side Management (DSM) are advanced resource planning methods and management approaches.  They play an important role in high-efficiency electricity use, and their largest application is found in the power sector.  DSM is a part of IRP, and includes components of both supply and demand.  Savings are made in order to meet users’ power service requirements.  More than 30 countries have adopted IRP to plan minimum-cost power-source development, and DSM to promote electricity savings among users. 

(7) Support for research and development of energy conservation technologies

Many countries have formulated long-term policies giving priority to energy conservation by providing financial support for the research and development of energy-saving technologies.  Highly-efficient power technologies are studied and developed, providing great contributions to the improvement of energy efficiency. 

2.2 International policies and practices to improve energy efficiency

Improvements in energy efficiency have been tested in many market economies, and include market-based energy-saving investment mechanisms, and the formulation and implementation of various energy-saving incentive policies, regulations, and standards.  Energy efficiency improvements have been achieved by promoting investment among power utilities and end-users. 

(1) Promotion of IRP and DSM

In the US, legislation requires power utilities to adopt DSM and to implement IRP.  Such legislation encourages increased end-use efficiency among users, reduced energy service costs, and improved energy service reliability.  The US Department of Energy provides guidance and recommendations on DSM and IRP.  It also assesses the impact of IRP on energy prices, on service reliability, and on economic and social benefits.  

More than 30 states across the US, have adopted IRP and DSM to varying degrees.  Power utility participation has been essential to DSM implementation.  They have incorporated electricity savings into their businesses and they have employed market-based incentives to save electricity and increase benefits: these activities provide a cycle of benefits.  DSM investment has increased from US $900 million in 1989 to US $2.6 billion in 1993.  Most DSM projects are able to provide unit cost savings of between 10-50 percent of the cost of new power supplies.  Because the utility monopolies are regulated, the costs of their DSM investments, like other investments, are included in their rates.  Where states have restructured their electric industries, alternative means of delivering DSM to customers have been adopted.  For example, independent “efficiency companies” are funded by mandatory charges on electricity consumption (equivalent to the costs that were previously included in monopoly rates). 

(2) Pricing and taxation incentive policies

Improvements in energy efficiency require proper energy pricing and taxation.  Some countries have formulated and implemented incentive energy pricing and taxation policies in order to encourage both utilities to invest in energy efficiency and users to save electricity.

To guarantee the development of power utilities, the government in France controls the price of electricity by planned contract.  The contract stipulates that the power utilities (PDF) fix their prices based on long-term marginal costs.  Meanwhile, the PDF is required to reduce electricity prices by an average of 1.25 percent annually in order to promote operational efficiency that includes energy efficiency improvements in their generation efficiency. 

The US government adopted a series of tax breaks and policies to support energy efficiency improvements.  These include preferential taxing and tax breaks for electricity efficiency improvements and new energy-saving products and equipment.  The government encourages both companies and citizens to adopt energy conservation measures.  The government also promotes the sale of energy-saving products and technologies on the market.

(3) Support of energy service companies
In the US, Canada, and in some European countries, legislative support and government policies have created a new energy-saving industry out of Energy Service Companies (ESCOs).  These companies specialize in contract energy management, profit making, and special skills.  Some specialize in reducing electricity usage.  ESCOs sign energy service contracts with users to invest in or finance energy-saving projects and provide energy efficiency audits.  They also design, construct, monitor, and manage energy-saving projects.  As they develop, they share the project benefits (i.e., reduced energy costs) with users. 

The emergence of contract energy management and the development of ESCOs have enabled the wide implementation of national energy-saving projects in many developed countries around the world. 

(4) “System benefit” charge systems
Energy efficiency and renewable energy have featured prominently in the US power-sector reform process.  The State of California was one of the first to undertake power-sector reform.  In September of 1996, the State government signed the Power Act AB1890, which allowed competition in the State power sector.  Meanwhile, a system benefit cost (SBC), an electricity fee managed by the State’s public utility committee, was created to encourage energy efficiency and renewable energy development.  The small SBC fee is charged by the kWh to all power users.  Regardless of power company or transmission grid utility, the same SBC fees apply.  Thus, users are unable to avoid payment by changing their power provider.  Users of high-voltage electricity, such as big industries, those who purchase electricity from partners, and self-power producers must also pay the SBC.  The latter must pay because, in order to have access to backup electricity, they normally connect to the grid.  Collecting SBC from users or transmission costs from producers is a feasible mechanism for raising energy-saving funds.

The SBC in California is 0.3-0.45 cents/kWh, equivalent to 3 percent of an average electricity bill.  By the end of 2001, the State collected a total of about US $870 million in SBC fee collections over a three-year period.  This money is earmarked to fund energy conservation projects delivered by the distribution utilities, and energy conservation technology research and development.  It will also be used to promote the development of energy-saving products and services.  At present, there are 13 states in the US collecting some form of SBC. 

(5) Energy efficiency standards

The formulation and implementation of efficiency standards for electric products and equipment is an important measure for improving energy efficiency and regulating the market.  Countries such as the US and South Korea have formulated and implemented energy efficiency standards for products and equipment using electricity and have achieved significant energy saving results.

The US government has promulgated and implemented two types of energy-efficiency standards: compulsory and voluntary.  The compulsory standards require Congressional ratification and are legally binding.  Companies that do not meet the compulsory standards may face legal action.  The voluntary standards, in contrast, are formulated and enforced by companies themselves, but once enforced and accepted by all parties concerned (the government, the companies, and the public), they can be considered for an upgrade to compulsory status.  The US government has formulated labeling requirements that allow consumers to make energy efficiency comparisons for almost all major household appliances, lighting appliances, and large and medium motors.  In addition, the government has required that cost/benefit information about energy savings and efficiency be attached to almost all products, and has taken the lead in implementing new energy-efficiency standards.  The US government has demonstrated that the development and implementation of energy-efficiency standards for electric products and equipment is both feasible and effective in improving energy efficiency. 

(6) Information services
The UK launched an information program that stimulates and promotes energy conservation and electricity savings.  To date, the UK has initiated two projects to publicize energy saving: the Energy Saving Demonstration Project in 1978, and the Best Practice Project in 1989.  In addition to providing total project costs and benefits, the government has created indicators for each project, and disseminated information about annual energy savings.  The benefit to cost ratio for the Best Practice Project in the year 2000 was supposed to be five pounds of annual savings to one pound of government funding.  The government has provided continuous financial support for the implementation of the two projects, but the Energy Technology Support Unit (ETSU) is responsible for their detailed implementation. 

British companies have free access to energy-saving information developed by ETSU.  This information can be used to promote investment and to implement energy-saving projects.  The two projects providing information about energy-savings have been successful, and have led to great reductions in industrial energy use.  Through the dissemination of energy-saving information, corporations have invested significant amounts in energy-saving projects. 

2.3 Historical review of policies relevant to improving energy efficiency in China

As early as 1980, the Chinese central government recognized the importance of energy efficiency and conservation and expressed that “development and conservation are equally important, but in the short term, energy conservation should take priority.” The Chinese government has recognized that energy conservation must come first and must be incorporated into its development strategy.  The government has adopted the following major market, legal, technological, and administrative policy measures, all of which contribute greatly to energy efficiency improvements. 

(1) Energy conservation planning
From 1981 onwards, the Chinese government has regarded energy savings as a resource.  Thus it has incorporated conservation into the national economic plan.  The government’s energy saving plans have concentrated on the power sector, which consumes the most primary energy of any sector.  Detailed energy savings and energy-use efficiency targets were created for the sector.  In the State Development Planning Commission’s Tenth FYP, an energy savings target for the power sector was formulated, based on the previous 20 years of energy savings, energy-use reduction trends, and predictions of future developments in power technologies.  This should lead to a reduction in coal consumption in thermal power plants from an estimated 397 gce/kWh in 2000 to 387 gce/kWh in 2005: an annual saving of 10 Mtce (mega tons of coal equivalent). 

(2) Electricity saving regulations
Since 1981, the government has formulated, promulgated, and implemented a series of energy conservation regulations:
· In 1987, the State Council passed the Regulations on Further Improving Electricity Conservation, which strengthened electricity quotas, load energy savings, dissemination of energy-saving equipment, and new energy-saving technologies.
· In 1990, the former Ministry of Energy formulated Opinions on Governing and Consolidating Local Small Thermal Power Plants and Regulations on Power Energy Loss Management for the Power Grid.
· In 1991, the former Ministry of Energy formulated the Regulations (Provisional) on Energy Conservation in Thermal Power Plants and the Opinions on Accelerating Technical Renovation and Promoting Technological Progress.
· In 1993, the former MOP formulated Regulations on Strengthening Combustion Management of Large Scale Coal Fired Boilers.
· In 1994, SETC formulated the Opinions on Accelerating Energy Conservation through the Renovation of Fans and Pumps and determined that, beginning in 1995, special loans were to be provided to help key enterprises undergo energy-conserving renovations on fans and pumps.
· In 1995, the Ministry of Finance issued the Notification on Adjusting the Depreciation o Fans and Pumps through Adopting Energy Conservation Renovation, requiring that the depreciation of fans and pumps associated with energy-conservation renovation be shortened from 10 to 3-5 years in order to encourage these renovations.  In the same year, the Power Act was also promulgated and implemented.
· In 1997, the former MOP formulated the Provisional Regulations on the Construction and Management of Small Thermal Power Units.
· On January 1, 1998, the Law on Energy Conservation came into effect, signifying that energy conservation was to be carried out on a legal basis.  The law regulates both the management of energy and electricity savings, and the promotion of energy and electricity conservation technologies.
· In 1998, in order to promote combined heat and power (CHP) development, SDPC, SETC, the Ministry of Construction, and the former MOP jointly formulated Regulations on Developing CHP, regulating CHP technical indicators and exempting grid fees for new or expanded CHP projects that met set targets.
· In March of 1999, SETC issued Management Methods for Key Energy-Use Organizations.
· In March of 2001, SETC and SDPC issued Management Methods for Electricity saving, regulating energy efficiency improvements and rational electricity use.

(3) Financial and economic incentive policies
In order to improve efficiency in the power sector, the Chinese government has adopted various financial and economic incentive policies: favorable energy prices for electricity savings, tax breaks on new energy-saving products, and favorable interest-rate loans for energy conservation projects.

· Energy prices: In 1993, the electricity prices from independent power plants were fixed.  These prices were based on interest, capital payments, and profit requirements.  As a result, independent power plant grid prices increased greatly, which encouraged local governments and commercial enterprises to save electricity.
· Tax breaks: At present, there are no adjustment taxes on fixed asset investments associated with CHP projects. 
· Favorable loans: Before the financial and tax systems were reformed in 1994, energy conservation infrastructure projects received low interest loans that were 30 percent lower on average than interest on commercial loans.  Interest on loans for energy conservation demonstration projects were subsidized by 50 percent and could be paid before income tax.  These favorable interest rates were eliminated in 1994.
· Energy-saving awards: A unique energy-saving incentive policy began in 1986.  Funds are awarded equaling 8-15 percent of the value of energy saved by an enterprise; the awards are incorporated into costs of the project and are tax exempt.  This policy has played an important role in promoting electricity saving and in reducing energy use in enterprises.
· Subsidies: In recent years, various provinces and cities have subsidized green-lighting projects and energy conservation projects.  For example, Zhejiang Province annually provides energy conservation projects with 70 x 106 kWh of electricity at subsidized prices.

(4) Promotion of technical progress in energy and electricity savings

In order to encourage progress in energy and electricity technologies, the Chinese government has formulated an outline for energy-saving technology policies for industries using large amounts of primary energy resources.  The goals are to relegate power sector turbines with high parameters (such as high temperature and high-pressure steam) and large-capacity, renovate medium- and low-pressure units, develop CHP, and promote variable-speed fans and pumps.  In order to upgrade and replace common motor products, the government promotes energy-saving products, and issues an annual inventory of high energy consuming products that must be discarded.  The key products are fans, pumps, transformers, and electrical furnaces used for steel production, etc.  By the end of 1998, the government had published 18 inventories that listed a total of 1,068 energy-efficient machines and electronic equipment and 17 inventories that showed 610 highly inefficient motor products had been discarded.  

(5) Implementation of key energy conservation projects
In order to promote end-use electricity savings, the national energy-saving authorities have organized the implementation of a number of key energy-saving engineering projects.  A couple of examples are provided below: 

· Renovations of fans and pumps for electricity-saving purposes: Since the late 1980s, SETC has demonstrated significantly reduced consumption of electricity through the renovation of fans and pumps.  The loans are paid off with the money saved by using less energy.
· China’s green lighting project: Implemented in 1996, the project has made considerable progress.  Its objective is to develop and disseminate high efficiency lighting appliances in order to save electricity.

(6) Introduction of market-based energy conservation methods and mechanisms

Beginning in the 1990s, the Chinese government began to explore new energy-saving mechanisms based on the market economy.  IRP and DSM were introduced, and demonstration projects were carried out in Shenzhen, Shanghai, and Beijing.  DSM was further demonstrated in the Shengli Oil Field.  In cooperation with the World Bank and the Global Environmental Fund (GEF), a new market-based energy-saving mechanism called “contract energy management” was introduced and demonstrated by three ESCOs.

3. Recommended incentives to improve power distribution efficiency

3.1 Power sector reform and restructuring in China

The roles of government and business management in China’s power sector are currently being separated, and power market reforms are unleashing formerly restricted productivity.  Reforms to separate government functions and business management were basically completed by the end of 2000.  SP became a market entity, while provincial power bureaus were eliminated and replaced by commercial power companies.  At present, sector monopolies have become the major barriers to the improvement of productivity.  Further reforms must break sector monopolies, introduce competition mechanisms, and establish power markets.  The key will be to design and establish power market mechanisms; eliminate institutional barriers; create a fair environment for competition; motivate international and domestic investors to invest in the power sector; challenge the dominance of state-owned enterprises and national investments; and create an open, market-based, highly-efficient, sustainable power industry in China.  The main objectives of this reform are as follows:

· Increase efficiency of the transmission and distribution of electricity, break the traditional vertical monopoly (but maintain a seamless integration of power production, transmission, distribution, and sales), and establish a competitive market.  The market will replace central planning, which should lead to improved resource distribution efficiency.
· Establish market-based power investment incentives with effective mechanisms to direct future investments.  Power investment incentives are expected to promote sustainable development in the power industry.
· Establish an efficient system for administering power distribution.  Based on laws and regulations, a regulatory body must regulate the current monopolistic control of the grid (in terms of transmission and distribution) and oversee the market rules for the competitive power generation and retail markets. 

In order to achieve the above objectives, the power industry needs to be restructured, so as to break the current chain of power generation, transmission, distribution, and sales.  Competition should first be introduced into power generation; plants and grids should be separated, allowing competition in a fair market to determine grid prices.  These will gradually lead to the introduction of competition into sales, which will give end-users the eventual freedom to choose their suppliers.  While power transmission and distribution may remain monopolistic for some time, they should gradually be separated and regulated by the government, eventually forming the basis for competitive power production and sales. 

In order to administer the reformed power industry effectively, the government should establish a special power administration body under the following principles:
· Independence—the administrative body should be independent from the companies over which it has jurisdiction.
· Legal credibility—the administrative body should be created through government legislation so that it can perform its functions legally.
· Concentration—the current power management functions of a variety of authorities should be concentrated into this single body.

The primary goals of the price reforms are as follows: 
· Establish scientific and rational pricing mechanisms and create a competitive market pricing system.
· Set up a pricing system that includes prices for power generation, transmission, distribution, and sales.
· Build a powerful and highly efficient administrative system to regulate pricing.

A power investment system is also crucial to the reforms.  Such a system requires the following:
· Replacement of the current planned mechanisms with market-based investments, where appropriate. 

· Effective mechanisms to attract private and foreign capital.  All types of enterprises must be able to engage in power facility construction and operation through various mechanisms.

· Stimulation of state-owned enterprises to improve both their investment and operational efficiency.

In summary, the aim of power sector reform and restructuring is to establish competitive mechanisms.  Traditional problems of scale and structure, quantity and quality, speed and benefits can be resolved through market competition.  Only in this manner can the sector achieve intensive and sustainable development. 

3.2 Main issues and barriers facing energy efficiency improvement in China

Many factors contribute to low energy efficiency in China, including institutional, structural, market, and policy problems.  The following can be considered the main constraints facing energy efficiency improvement:

(1) Policy and institutional barriers

Energy efficiency has long been neglected in power sector reform and company consolidation.  When the electricity saving functions of the former power authorities were eliminated, no appropriate new institutions were made responsible for such matters.  Unlike the US, China has no regulations or policies requiring companies to invest in energy efficiency, nor does it have regulations or policies encouraging companies to formulate and implement IRP, or to adopt DSM to increase users’ end-use efficiency.  The Chinese government, therefore, has a minimal impact on energy efficiency.  The lack of effective energy conservation regulations or policies is a major barrier to energy efficiency improvement.

The current restructuring focuses on price reforms, company consolidation, and commercial operation rather than on market-based or end-use energy conservation incentives.  The lack of these incentives prevents corporate and private investments from being guided toward energy efficiency, which is another major barrier to improving energy efficiency.

(2) Electricity saving investment barriers

In theory, power companies have a direct financial incentive to improve the efficiency of their generation and delivery, but in practice they are not provided much incentive to invest in technologies that improve end-use energy efficiency.  In the past, power authorities monopolized operations, invested heavily in production and development, and neglected conservation.  Although many institutions have made great efforts to promote IRP and DSM, the results are minimal.  To date, not a single company has adopted IRP and DSM in their work agenda.

At present, although the power sector is heading toward corporate consolidation and market operation, the traditional concepts of extending operations and expanding production remain the only methods for seeking economic growth.  Concepts from the 1980s—which emphasize production, neglect supply, and disregard use—continue their historic dominance.  The potential contributions of IRP and DSM go unrecognized. 

The market reform process will soon force power companies to become profit-oriented.  Although many case studies have shown that a demand-side development investment of 1 kW is only 30-40 percent of a supply-side investment, uncertainty on the demand side increases risks.  In this temporary power excess period, conflicts exist between power, sales, and savings.  A company’s ability to invest in DSM depends on incentive policies.  However, current energy-saving and environmental protection policies do not adequately motivate or pressure companies to adopt IRP or DSM, making it difficult for power savings to compete with development.  For these reasons, power companies do not address energy efficiency investments, making the implementation of effective energy conservation measures difficult.

Consumers of electricity lack motivation to invest in end-use saving
The main objective of a commercial enterprise is profit making, not conservation.  Account books do not show the value of reducing electricity usage, and investors lose interest when energy-saving projects involve potential technical or financial risks.  Similarly, the main objective of energy users in China is likely to be cost reduction, rather than energy savings.  At present, since there are no incentives for reducing electricity usage, the economic returns on energy-saving investments do not satisfy commercial enterprises or domestic users.  Furthermore, both the current taxes and energy prices provide distorted price signals.  An irrational pricing structure, a small gap between peak and off-peak power costs, and the lack of internalization of external costs discourage companies and domestic users from using energy-efficient equipment and goods.

(3) Financing difficulties for energy-saving projects

Commercial enterprises find it difficult to finance energy-saving projects.  Even when they are interested in power-saving projects, commercial firms are not always able to make the initial investments necessary to reduce end costs.  In addition, many Chinese financial institutions are unfamiliar with the economic analysis of savings possible through efficiency improvements, and are therefore hesitant to sign off on loans for these projects.  For these reasons, energy-saving projects are difficult to finance.

(4) Informational barriers
At present, there is a lack of important information about energy-savings, and the information that does exist is poorly disseminated.  Although various government bodies do sponsor informational organizations, the current approach to disseminating information is not effective.  The information currently available is technically oriented and not authoritative.  Practical and comprehensive information is necessary for organizations to implement projects.  The information necessary to make investment decisions is limited on all fronts, but cost/benefit information is particularly lacking.

Investment decision makers, including private investors, tend not to understand the profitability of energy conservation investments.  Most information on this topic is published only in energy-saving technology periodicals, which are seldom seen by investment decision makers.  As a result, a wide gap still exits between the energy-conservation market and the capital market.

(5) Risk—high up-front costs of energy-saving technologies

Even when organizations are willing to adopt new energy-saving technologies, they are reluctant to incur high technical and hidden costs.  In fact, many decision-makers not only find it difficult, time consuming, and costly to collect and assess information on these technologies and equipment, but they also find it difficult to make selections and undergo design and construction. 

When organizations do adopt new energy-saving technologies, managers and technicians must take responsibility for major technical and financial risks, especially for technologies that are not widely used and can potentially affect production reliability.  Managers often fear that a new technology will not work or will affect normal production.  This is an important barrier to decision making. 

3.3 Principle recommended policies to improve energy efficiency in China

The policy recommendations below are designed to promote long-term and continuous energy efficiency improvement in the power sector and achieve sustainable power development.  They are based on foreign and domestic policy experiences in power sector reform, consolidation trends, problem analysis, and in improving energy efficiency.  

(1) Create an energy conservation legislation system

In the long run, the establishment and completion of power-sector legislation, regulatory, and enforcement systems form the basis of effective governmental management of energy conservation.  The government must “manage the country on a legal basis” and create a system of laws and regulations for energy conservation.  Conservation is a legal responsibility, and government management of the power sector must be carried out on a legal basis.

In the establishment and completion of power-sector legislation and regulatory systems, the government must create energy conservation regulations and standards to supplement the Law on Energy Conservation.  While this law stipulates energy conservation management, rational electricity use, and the encouragement of technical progress, supplementary, detailed, and practical energy conservation regulations and standards must be formulated for operation, enforcement, and inspection.

The establishment and completion of power-sector legislation and regulatory systems will assist the government in carrying out energy conservation management, in guiding and regulating power companies in investment and production, and in encouraging society at large to curb their consumption of electricity.  This will improve energy efficiency and promote sustainable power development.

(2) Establish and complete an Energy Conservation Law enforcement system

The key to enabling the government to legally manage energy conservation is to establish an Energy Conservation Law enforcement system.  Currently, non-compliance with laws and their weak enforcement are major problems facing the conservation effort.  At present, there is no complete law-enforcement system to assure energy savings, nor is there an agency to enforce laws and regulations.  Only when these problems are properly resolved can effective energy savings be realized. 

(3) Foster an energy conservation market

As market reform proceeds in China, market forces will eventually guide energy conservation efforts.  In order to overcome the market barriers to energy conservation investment, the government must actively foster and support the conservation market, borrow and learn from successful international market experiences, introduce and demonstrate advanced international market-based energy-saving mechanisms, and guide the evolution toward market-based conservation investment mechanisms.  To change their command and control operation pattern, the government must also guide and promote local energy-conservation service centers, borrow and learn from successful foreign ESCO experiences, bring about the commercial operation of energy-saving technologies, and provide high-quality management and services in the power sector.  By fostering and supporting the energy-conservation market, energy saving can become a new industry and a contributor to economic growth.

3.4 Detailed recommended incentive policies and measures to improve energy efficiency in China

(1) Stipulate legal obligations for power companies to conserve energy

Once the Power Act is amended, the energy conservation obligations of power companies will be clearly stipulated.  They will be required to adopt the lowest-possible DSM and IRP-based costs for power development, which will allow power companies to break from tradition and incorporate conservation into their corporate agendas.  This will not only lead to increased investments in power generation and supply, but also in more efficient use of electricity.  Power generation efficiency and efficient use of electricity will be integrated into a benign cycle.

(2) Formulate and implement economic incentive policies to encourage the reduction of electricity use and the improvement of power generation efficiency. 
As market-based power sector reforms come into effect, power companies will come to rely on profit-making transactions.  Once enterprises are governed by legal energy conservation requirements, they will be forced to consider the costs and benefits of power-saving investments.  A policy that provides powerful economic incentives is needed to shape their investment decisions.  The government must formulate and implement economic incentives to facilitate fair competition between reducing the use of electricity and improving power generation efficiency.  At the same time, it must eliminate barriers to energy conservation investments.

With regard to electricity pricing policies, the costs of reducing the use of electricity should be incorporated into price in the same manner as supply costs.  Returns on energy conservation investments can be higher than on production investments.  For this reason, an effective energy conservation investment recovery system must be established.

Consumers can ultimately be responsible for a large percentage of the reduced need for power generating capacity.  Companies should be allowed to adopt financial incentives to promote end-users’ participation in DSM projects.  Various market-based incentives are needed to stimulate the participation of users in DSM projects.  Providing financial incentives is the most effective approach.  Policies should require power companies to implement DSM projects and encourage customers to install efficiency measures.  Customer incentives should include the following:
· Discounted prices for energy-saving equipment.

· Energy-saving equipment available for lease.

· Loan repayment via energy conservation benefits.

· Low/no interest loans for installation of equipment that reduces electricity use.

· Special energy conservation awards.

· Competitive bidding for projects that save energy.

(3) Set up an energy conservation trust fund

Because markets alone cannot assure that all cost-effective end-use efficiency savings will be secured, the government must set up a special energy conservation trust fund, managed by a professional body.  The fund will be used for the following:
· Supporting power companies in carrying out energy-saving projects.
· Supporting the development of key energy-saving technologies.
· Providing funds for organizations to implement power-saving projects.

· Rewarding organizations and individuals for energy conservation achievements.

The energy conservation trust fund should be raised according to the US-adopted SBC, whereby a special tax is levied on power consumption.  The rate should be RMB 0.005 /kWh (about 1% of the average electricity price), which would have a minor impact on consumers and electricity prices.  Based on the 1 x 1012 kWh of electricity used annually, the tax income would be RMB 5 billion.  

(4) Formulate and implement energy-efficiency standards for electrical equipment
Chinese energy-efficiency standards have promoted significant energy savings.  However, the current standards are incomplete.  Different government authorities must work together to formulate and implement energy efficiency standards for all electrical equipment.

Based on foreign experiences and practices, Chinese government authorities must formulate and implement two types of energy-efficiency standards.  First a legislated standard target that is to be implemented across the country.  Second a minimum energy efficiency standard to regulate low-efficiency electrical equipment.  National technical regulators must be responsible for the testing and certification of the energy efficiency of electrical equipment.  Organizations that produce and sell equipment not meeting the standards will be held legally responsible.  Through effective implementation of these two standards, manufacturers of electrical equipment will be forced to increase product energy efficiency and reduce the production and sales of energy-wasting equipment.  These measures will effectively promote improvements in end-use efficiency.

(5) Foster power sector ESCOs

Reform and consolidation continue to move the power sector toward an open market.  In order to promote improvements in power sector efficiency, organizations urgently need both market-based energy-saving investment incentives and energy conservation incentives.  The success of ESCOs in market economies demonstrates the feasibility of market-based “contract energy management” (performance contracting).  To establish a sustainable energy conservation market, China must support the establishment of power ESCOs, and create the conditions and policies necessary for their operation and development.  The power ESCOs will help to overcome the barriers to energy efficiency improvement. 

ESCOs allow the introduction of market-based energy-saving investment mechanisms in technically and economically feasible projects.  The projects will be economically attractive to both users and ESCOs. 

· ESCOs invest in, and finance, energy saving projects, as well as take on investment and other implementation risks.  Thus, power users do not need to invest in projects and are insulated from possible technical and financial risks.  The mutually beneficial cooperation between ESCOs and consumers, based on an “energy service contract,” can help overcome market barriers to energy-saving projects.

· ESCOs are specialized energy-saving service companies, well endowed with both special technical ability and capital assets.  They grow by implementing new projects, by attracting new investors, and by sharing in the benefits of their energy-saving projects.  Electricity saving thus becomes an industry.

(6) Improve the dissemination of energy-saving information

Finally, Chinese government authorities must improve the dissemination of energy-saving information.  Governmental financing should support the energy-conservation authorities, who in turn should organize labor and resources to collect and develop practical technical, financial, and economic information on possible electricity savings.  The information should then be disseminated through effective channels to energy-saving decision-making organizations.  Energy-saving information will encourage organizations to carry out energy-savings projects. 
Chapter 5.
Research on Reform of the Tax and Levy Systems in China’s Power Industry

Reform of the power industry’s tax and levy system is crucial to the overall reform of the electric power industry.  The fundamental principles of reform are to evaluate the investment value of the power industry and all varieties of energy resources, and to rationalize resource allocation and promote sustainable development of the economy.  This report analyzes current issues within the industry and puts forward recommendations for reforms to Value Added Tax (VAT), Income Tax, allocation of hydropower costs, and the levying of funds to ensure that power enterprises take appropriate measures to incorporate environmental protection activities as an integral part of their businesses.

1. The general situation regarding collection of taxes and levies 

1.1 General review of taxation policies and practices

1.1.1 Tax categories and taxpayers 

(1) Tax Categories.  Power Industry Enterprises in China have to pay the following taxes: Valued Added Tax (VAT), Enterprise Income Tax (EIT), City Maintenance and Construction Tax, Education surcharges, Land Usage Tax, Property Tax, Stamp Duty, Vehicle and Ship Usage Tax, and Business Tax (BT). 

(2)
Taxpayers.  Those power enterprises defined as independent legal entities such as the State Power Group (SPG) and its subsidiaries and all other power generating and transmitting organizations are required to pay tax.  The provincial branches of the SPG are not defined as independent legal entities and are therefore not expected to pay tax.  However, VAT is always collected in advance from the local power generating plants or power supply bureaus, and then the provincial power company makes a settlement later.

1.1.2  Tax rates and the rax base 

(1) VAT.  Theoretically, the tax base for VAT is the value added by the enterprises.  At present, the calculation of VAT is based on sales after the deduction of input taxes.  However deduction of any funds spent on investment is not permitted, so this kind of VAT is based on production patterns.  As for tax rates, small power producers are subject to a tax rate of 6 percent (but with no deduction of input taxes) and larger ones to a rate of 17 percent. 

(2) Income Tax.  The tax base is determined by the enterprises’ realized profits.  The tax rate is 33 percent. 

(3)  City Maintenance and Construction Tax.  This tax is based on VAT and the tax rate varies between different regions.  The average tax rate is 7 percent of the VAT.

(4) Education Surcharges.  This tax is based on VAT and the tax rate varies between different regions.  The general tax rate is 3 percent of the VAT.
(5) Land Usage Tax.  This tax is calculated according to the area of land used but the computation methods very, as do the tax rates.  Generally however, the tax rate is 1 percent of electricity sales.

(6) Property Tax.  This tax is based on the residual value of properties and the tax rate is set at 1.2 percent of that value.
(7) Business Tax.  This tax is based on the income of subsidiary businesses.  The tax rate is 5 percent of the (adjusted) income.

1.1.3 The structure of the taxation system and the allocation of revenue

(1) The structure of the taxation system.  At present, the main tax on the power industry is the VAT, which accounts for about 65-85 percent of total annual tax revenue (the average is 80 percent).  The second major tax on the industry is the income tax, which accounts for about 10 percent of the total tax revenue.  This is followed by the city maintenance and construction tax, which accounts for about 5 percent of total tax revenue. 

(2) Allocation of tax revenue.  In this paper, the allocation of tax is defined as the way tax revenue from the power industry is allocated among the different levels of government.  VAT revenue is shared between the central and local governments and the allocation ratio is 75:25.  (The central government takes 75 percent of total VAT revenue, and local governments take 25 percent.) The allocation of income tax is decided according to the ownership of the power enterprises.  Income taxes collected from enterprises that belong to the central government go to the central government.  However, income taxes collected from local and foreign investment companies go to local governments, as do all other tax revenues (aside from VAT).  Because VAT is the main tax imposed on the power industry and 75 percent of VAT revenue goes to the central government, the tax revenue that goes to the central government is considerably higher than the amount that goes to local governments; the average annual allocation rate is about 60:40.  

Table 1      Summary of the taxation system for the Chinese power industry

	Type of Tax
	Tax Base
	Tax Rate
	Percentage of total tax revenue
	Allocation

	VAT
	1. Sales from small power plants
	6%
	About 80%
	About 75% goes to the central government, about 25% goes to local governments.

	
	2. All other sales, after the deduction of input tax
	7%
	
	

	Enterprise Income tax
	Real profit
	33%
	About 10%
	Depends on the ownership of the enterprise

	City Maintenance and Construction Tax 
	The taxable VAT
	7%
	1%
	Goes to local government

	Education surcharge
	The taxable VAT
	3%
	0.4%
	Goes to local government

	Property tax
	The residual value of property 
	1.2%
	0.5%
	Goes to local government


1.2 General review of government levies

There are numerous additional levies on the power industry, established by both local and central governments, some of which need to be discussed and reconsidered.  This report defines the following minimum standards that any government levies should meet: (1) Levies should not be named as a tax in relevant government regulations or standards; (2) Levies should not be established by a tax bureau; (3) Levies should not be administered by a tax bureau; (4) Levies should have a significant and demonstrable influence on the efficiency and sustainability of the power industry’s development.  Consequently, this report mainly examines the power industry’s construction fund and levies on pollutant discharges.
1.2.1  The power industry’s Construction Fund
The levy to create a power fund was first established in 1985 but a situation developed where each level of government was separately raising the ‘same’ levy.  Recently this problem has been solved through active administrative and reorganizing work so that now there are several separate funds, as follows:  

(1)  The national power fund.  The standard rate of the levy for the national power fund is RMB 0.02/kWh.  All domestic and commercial power users, except agricultural enterprises, are expected to pay this levy.  The total amount levied so far is approximately RMB 100 billion (106).  This fund is temporarily being collected by power companies.  Before 1998, local governments used this fund to operate power plants.  After 1998, the revenue from the levy was shared equally between the local and central governments.  The fund was originally envisaged as merely a temporary measure.  But because of requirements resulting from the policy of providing electricity to rural areas, the levy has been collected since 2001 on a regular basis and the revenue has not been given to the local government.  The details of the levy and the funds it raised in 1999 can be found in Table 2. 

Table 2 Government appropriation budget for power development funds in 1999           unit: millions of RMB

	Region


	Amount
	Region
	Amount
	Region
	Amount

	Beijing
	215
	Zhejiang
	336
	Sichuan
	172

	Tianjin
	133.
	Anhui
	99
	Chongqing
	77

	Hebei
	345
	Fujian
	113
	Yunnan
	101

	Shanxi
	238
	Jiangxi
	90
	Shan'xi
	102

	Liaoning
	370
	Shangdong
	365
	Gansu
	65

	Jilin
	158
	Henan
	273
	Qinghai
	28

	Heilongjiang
	187
	Hubei
	203
	Ningxia
	47

	Shanghai
	237
	Hunan
	110
	Xinjiang
	32

	Jiangsu
	484
	Guangxi
	86
	Total
	4,664


(2) The Three Gorges (Sanxia) project fund.  End users of electricity are targeted to support the Sanxia project fund through levies.  However, the levying standard varies between different regions.  The levy in northeast and northwest China is RMB 0.04/kWh; in Zhejiang, Shanghai, Jiangsu and Hubei it is RMB 0.015/kWh; while in Sichuan, Chongqing, Anhui, Henan, Jiangxi, and Hunan it is RMB 0.013/kWh.  The standard in other regions is RMB 0.007/kWh.  This levy is intended to raise approximately RMB 71.2 billion for the project over the whole construction period, an average of about RMB 4 billion a year.  This levy is collected by power companies and transferred to the central government, which will use it as capital to finance the Three Gorges Construction Company. 

(3) The Shanxi Power Construction fund.  This fund subsidizes the construction of power resources in Shanxi Province.  The levy is restricted to power users in Shanxi Province and the levy rate is RMB 0.01/kWh.  The total levied in a year is around RMB 0.2 billion.  Power companies collect the levy while Shanxi’s provincial government manages the revenue. 

(3) Shanxi Yinhuang Project’s water resources fee.  This levy provides the funds for the completion of the Shanxi Yinhuang Project.  The rate is RMB 0.015/kWh.  This levy is also collected by power companies and given to the Shanxi provincial government. 

(4) The Public Utilities Levy.  The aim of this levy is to distribute the costs of public electricity usage fairly, such as the cost of electricity used for street lamps.  All local power users need to pay this fee.  The levy rate is set at 10 percent of the price of power and is RMB 0.01/kWh for industrial users and RMB 0.02/kWh for non-industrial users.  This levy is collected by power companies and given to the provincial government. 

1.2.2 Pollution levies

(1) Types of pollution, and the collector of levies.  The main pollutants produced by coal burning power plants are SO2, waste water residues, smoke, dust, and noise pollution.  Power producers are charged a pollution levy for discharge of any of these five types of pollutants and the levy is collected by local environmental protection organizations.

(2) Administration of pollution levies.  The Ministry of Finance controls the introduction, and the levels of pollution levies.  The State Planning and Development Committee (SPDC) determines the highest permissible rate for national pollution levels.  The State Environmental Protection Administration is responsible for establishing the details of each levy, while the price administration department of each provincial government decides the specific levy rate for that province, although it cannot be higher than the rate set by the SPDC. 

(3) The rates of the pollution levies.  The following describes the rates for levies on the five types of discharges mentioned above. 

The levy rate on SO2 discharges within the ‘two control zones’ is RMB 0.20/kg.  In 2000, the levy rate on SO2 discharges in Beijing was increased to RMB 1.20/kg.  But there is some dispute over whether the levy should be charged on all SO2 discharges, or only discharges exceeding the national standard levels.  The Departments for Environmental Protection and some other departments that administer pricing have urged that the levy be charged for all SO2 discharges.  However, some companies have take these departments to court over the issue, and had judgments made in their favor, so that they are not required to pay the pollution levy as long as the amount of SO2 discharged does not exceed standard levels.

The levy on waste water discharges is set at RMB 0.05/per ton (1000 kg), chargeable on all pollution above the standard levels.  The levies on discharges of pollutants in waste water above standard acceptable levels are displayed in Table 3.  

Table 3: Levies on pollutants in waste water that are above acceptable levels 

	Types of pollutants
	Pollutant name
	Mass of

pollutants discharged over and above standard levels 

(tons)
	Unit levy on pollution that exceeds standards but is below threshhold A 

(RMB/ton)
	Unit levy on pollution that exceeds threshhold A (RMB/ton)
	The basic

charges

for exceeding threshhold A (RMB)

	Category I pollutants
	Mercury

Total mercury

Benzopicene

Chromium

Hexavalent chromium
Arsenic
Lead
Nickel
	2,000

3,000

3,000,000
1,500,000

1,500,000

1,500,000

1,500,000

1,500,000
	2.00

1.00

0.06

0.06

0.09

0.09

0.08

0.08
	1.00

0.15

0.03

0.03

0.02

0.02

0.03

0.03
	2,000

2,550

90,000

4,500

10,500

10,500

7,500

7,500

	Category II pollutants
	PH

Chromaticity

Suspended matter

Biological oxygen demand

Chemical oxygen demand

Petroleum hydrocarbons

Vegetable and animal oils
Phenols

Cyanide

Sulfide

Ammonium Nitrogen

Fluoride
Phosphates

Formaldehyde
Aniline (category)
Nitrobenzenes (category)
Anionic synthesis Detergent chemicals (LAS)

Copper

Zinc
Manganese

Organophosphates
	5,000

100,000

800,000

30,000

20,000

25,000

25,000

250,000

250,000

250,000

25,000

25,000

250,000

200,000

200,000

200,000

25,000
250,000

100,000

100,000

250,000
	0.25

0.14

0.03

0.18

0.18

0.20

0.12

0.06

0.07

0.05
0.10

0.30

0.05

0.12

0.10

0.03

0.04

0.06

0.06

0.07
	0.05

0.04

0.01

0.05

0.05

0.06

0.04

0.03

0.04

0.02

0.03

0.09

0.02

0.06

0.06

0.04

0.09

0.02

0.02

0.02

0.04
	1,000

10,000

16,000

3,900

2,600

3,500

2,000

7,500

7,500

7,500

1,750

5,250

7,500

12,000

12,000

12,000

5,250

5,000

4,000

4,000

7,500


Notes: a) Amount of total levy = unit levy for exceeding the standards x total discharge that exceeds the standards.  The total amount of pollution = total waste water discharged x pollutant intensity in the waste water.  When the pollutant discharge exceeds the standard, but is less than or equal to the pollution discharge threshholds, amount of total levy = unit levy for threshhold A x total pollutant discharges.  When the pollutant discharge exceeds both the pollution standards and threshold A, amount of total levy = unit levy for threshhold B x total pollutant discharge + threshold B pollution fee.b) If water waste contains bacteria levels that exceed standards, unit levy = RMB 0.14/ton.c) If pH value exceeds standards, levy = (pH value in the waste water – pH standard level) x total waste water discharged.

The levy on coal dust pollution is only charged on emissions above standard acceptable levels, the details of which are provided in Table 4.

Table 4                     The standards for the levy on coal dust emission  
	Exceeding standard (in multiples)
	Within 4
	4.1—6
	6.1—9
	9

	Greenman density (standard)
	Level 2
	Level 3
	Level 4
	Level 5

	Levy rate

(RMB per ton)
	3.00
	4.00
	5.00
	6.00


The levy on waste residue pollution varies depending on whether the residues are dumped into a river or other water body, or are buried or stored in a specially prepared area.  The details of the levy on waste residues are provided in Table 5.
Table 5   Levy rate for waste residue above standard acceptable levels
	Disposal method
	Dumped into water 
	Stored in solid disposal site.

	Levy rate

(RMB)
	5.00 per ton
	0.30 per ton per month


The levy on noise pollution is charged on all noise above government defined standard levels, and the rate increases as the amount of noise increases.  The details of levy rates are provided in Table 6.

Table 6          Levy rates for noise pollution above standard levels  

	Amount beyond standard (multiple in dB)
	1—3
	4—6
	7—9
	10—12
	13 and above

	Levy (RMB per month)
	200
	400
	800
	1600
	3200


The levies on pollution discharges are progressive.  For those companies that fail to meet government standards within three years, the pollution discharge levy will be increased by 5 percent yearly until they do meet them.  If after new construction, expansion, and rebuilding work, a company still discharges noise pollution above government standards, the levy rate will be doubled.

(4) Measuring discharge rates of pollutants.  There are two methods permitted for measuring pollution discharges.  The first involves field measurements at the source.  The second measures the concentration of pollutants in the source materials used for electricity production (e.g., coal) and calculates the resulting discharge levels (after taking into account any processes that remove pollutants).

(5) Collection and administration of revenues from the pollution discharge levy.  According to statistics from the former Ministry of Power, coal-fueled generators with units of 6 MW capacity or more, paid pollution levies totaling RMB 1,390 million over a five-year period from 1994-1998.  (There are 301 of these companies, with a total capacity of 151 x 106 kW.  In 1998 they accounted for 72 percent of China’s total generation capacity (210 x 106 kW)).  Of this, the levy on waste water discharges raised RMB 290 million (21 percent of the total); the levy on waste residue discharges raised RMB 14 million (over 1 percent of the total); the levy on noise pollution raised RMB 8 million (under 1 percent of the total); the levy on SO2 discharges raised RMB 660 million (47 percent of the total); and other levies (including those on discharges of other types of pollutants, those for exceeding standards, and reparations for pollution accidents) accounted for 21 percent of the total.  The most rapidly increasing source of revenue is the levy on SO2 discharges, which accounted for 72 percent of all revenue from pollution levies in 1998.  The details are shown in Table 7. 

Table 7   Major pollution discharge fees collected from power companies from 1994 to 1998  Unit: millions of RMB

	
	Total annual revenue from pollution levies
	Waste water
	Waste residues
	Coal dust (above standard levels)
	Noise pollution (above standard levels)
	SO2 

	1994
	173
	43
	5.5
	26
	1.12
	40

	1995
	192
	50
	2.3
	29
	1.10
	48

	1996
	210
	58
	4.0
	24
	1.45
	59

	1997
	284
	68
	2.5
	24
	2.49
	129

	1998
	536
	74
	[?]
	17
	1.79
	387

	Total*
	1395
	292
	14.3
	120
	7.95
	662

	Proportion of total overall pollution revenue levied 
	100%
	21%
	More than

1%
	9%
	Less than

1%
	47%


*  Columns may not add exactly due to rounding. 

(6) Allocation of revenue from pollution levies.  At present all revenue from pollution levies is collected by the local government that has jurisdiction over the areas from which the fees arise.  Therefore, most of the revenue from pollution levies goes to municipal and county governments; a small part goes to the provincial governments, while the central government receives no revenue from these pollution levies. 

(7) Appropriate uses of revenue from pollution levies.  According to the relevant State Department and Ministry of Finance documents and regulations, the revenue from pollution levies should be used for the following purposes: 80 percent of the total should be used to manage the main causes of pollution and the remaining 20 percent used to finance environmental protection departments.  After the Ministry of Finance approved the creation of the fund, the China Construction Bank took on the role of supervising the fund for the treatment of major sources of pollution.  Given that many companies have no capital available for installing pollution treatment equipment, the fund (which prior to 1998 did not need to be repaid, but now requires interest payments) is particularly helpful.  So far there are no precise statistical data for determining exactly how much of the fund is actually used for treating important sources of pollution.  According to estimates, the figure is probably around 60 percent of the total revenue raised by the pollution levy. 

2. Current problems and challenges 

2.1. Current issues concerning taxation of the power industry

2.1.1 Heavy taxation of the power industry 
The following examples demonstrate that heavy taxation is a particular problem for the power industry:

(1) The VAT rate for the power industry is higher than that for other industries.  As discussed above, the VAT system in China is based on production patterns where any money used for investment or reinvestment purposes cannot be deducted from the basis that is used to calculate VAT payments.  Thus annual investment cannot be deducted from the firm’s operating income for the purpose of computing VAT.  At the same time, the power industry is a capital-intensive industry and the fixed assets account for an average of 72 percent of the total assets, 21 percent higher than the average for all other industrial enterprises (where 51 percent of their assets are fixed).  Therefore the pressures of taxation on the power industry are high, approximately 40 percent higher than the average level for all other industries.  

(2) The deduction allowed for input tax (tax on raw materials, transportation, etc.) is too low.  The tax rates for the raw materials that the power industry needs are much lower than the rates for the product it sells.  For example, the VAT rate for coal production is 13 percent and the rate for shipping goods is 7 percent.  Companies are not allowed to deduct certain fees from the base used to calculate their taxes.  For example, there are more than 20 kinds of miscellaneous fees collected by railroad administration departments (in addition to the main transportation price).  However, because these fees are not clearly set out in the taxation regulations, many tax bureaus do not permit companies to deduct them. 

(3) Extra taxation.  The current accrual basis requires the calculation of VAT based on company output regardless of whether power bills have been paid or not.  However, the issue of outstanding power bills is an extremely serious one; in 2000, power companies were owed a total of RMB 30 billion in unpaid power bills.  Many power users are actually bankrupt which makes collecting outstanding debts for power supply impossible.  The total bad debts written off by the power industry reached RMB 56 billion in 1999.  The power industry is therefore required to pay VAT on vast amounts of money that it has not collected. 
The heavy taxation of the power industry results in high power prices which restrain the demand for power.  Within the market-oriented system, the cost of the industry is increased unreasonably while its investment value is decreased.  These two dynamics have a negative impact on the maintenance of a reliable, high quality power supply.  

2.1.2 Unequal taxation rates for hydropower, wind power, and coal-burning generators

(1) The actual VAT rate paid by hydropower and wind power enterprises is much higher than that paid by coal-burning generators.  At present, the VAT rate for large and medium scale hydropower, wind power, and coal-burning generation enterprises is 17 percent, but the ratio of taxation to sales is different.  The ratio for coal-burning power companies is about 10 percent, the ratio for hydropower companies is about 14 percent, while the ratio for wind power companies is 16.8 percent.  The reason for the ratio differences is that the capital investment costs for hydropower and wind power are higher than those for coal-burning enterprises.  Calculated according to the generating capacity per kWh of electricity produced, the cost of hydropower and wind power is 50 percent higher than for electricity generated by combustion.  Calculated according to the ratio between deprecation and total cost of power generation, the ratio for hydropower is 50 percent, the ratio for wind power is 60 percent while the ratio for combustion is 20 percent.  Because the value of capital assets cannot be deducted as inputs from the figure used to calculate tax returns, the actual VAT for hydropower and wind power producers is 40-70 percent higher than that for coal-burning power producers.

(2) Heavy hidden taxes on hydropower generation.  Not only is the VAT on hydropower companies much heavier that that on coal-burning companies, but there are also heavy hidden taxes on the hydropower industry.  As well as generating power, most hydropower projects also play a role in preventing floods, and promoting shipping, tourism, agriculture, etc.  For example, for flood prevention purposes 20 percent of the reservoir capacity is used for flood prevention purposes.  Therefore, they usually have high construction and operating costs.  Although these expenses can lead to significant benefits, especially in terms of flood prevention, the costs are always borne solely by the hydropower companies while the benefits are enjoyed by all of society.  So far, there have been few efforts to share these costs throughout society.  Thus, once the power market opens, heavy taxes will not only put hydropower and renewable energy producers at a disadvantage to coal-burning generators, but they will also prevent the development of clean power generation.  This taxation system is not consistent with the State policy of environmental protection and sustainable development.

2.1.3 Irrational income tax system 

State-owned enterprises pay income tax according to which administrative region they are in, which discourages local governments from forming economic relationships that cross regional borders and makes it difficult to reorganize power producers.  At present, power generation and retail businesses that belong to the State Power Group are all centrally owned, so the income taxes from these enterprises are not paid to local governments, but to the central government.  Therefore these businesses are at a disadvantage when competing in the local market (in terms of power capacity, power price, and final sale price) because local governments protect local enterprises.  As a result, power prices are currently set by the central government.  When the power market opens up, a much more complicated situation will develop in terms of both establishing retail prices, and in competition between local and central enterprises. 

2.2. Current issues concerning levies

2.2.1 The need to standardize power funds

(1) There are too many levies added on to power prices.  A few years of attention to this issue has meant that the problem of unreasonable levies on power prices is now being addressed.  As was noted in the first part of this report, most power users must pay two levies, while power users in Shanxi Province must pay four levies.

(2) There is a need to reconsider the base from which some levies are raised.  For example, the compensation fee for Shanxi Yinhuang project should be levied on water consumption rather than on power consumption.  In addition, the capital market is opening up rapidly, and the national supply of capital is now quite substantial.  So, it is worth considering whether to continue to raise funds for the construction of power plants with levies. 

2.2.2 The standard rate for the SO2 levy is too low 

SO2 is the main constituent of acid rain in China, and the discharge of SO2 from coal burning power stations accounts for 40 percent of total SO2 discharged nationally.  No doubt controlling the levels of SO2 discharged from power stations would be one of the most effective ways to control China’s air quality.  However, only few power producers have installed desulfurization equipment and some equipment that has been installed is not utilized because of the low rate of the SO2 discharge levy (set at RMB 0.2/kg).  Presently, payments of the SO2 levy account for approximately 0.4 percent of the total sales revenue of power producers, and increase the cost by only about RMB 0.001/kWh.  Installing desulfurization equipment only increases investment costs by about 20 percent, and if operating costs are also taken into account, the cost increases to RMB 0.03/kWh.  Clearly, installation of desulfurization equipment is not economically worthwhile under present conditions for these power enterprises. 

2.2.3 Inadequate collection of pollution levies

First, the revenue from pollution levies put into funds for the treatment of major sources of pollution never reaches the 80 percent prescribed by the State Department and the Ministry of Finance.  In some counties and cities, especially in depressed areas, the proportion of the fund used to cover the business expenses of environmental protection departments is rather large. 

Second, funds are used locally and separately.  As noted above, most revenue from pollution levies goes to local governments, but the SO2 emissions and water pollution affect large areas that cut across county, provincial and even national borders.  Because of problems arising from the lack of co-ordination and enthusiasm within local governments, it is very difficult to arrange the centralization of funds necessary for effective treatment of major pollution sources. 

Summary:

Table 8 The major tax and levy problems in the power industry 

and their impacts

	Issue
	Current problems
	Effect on both the economy and on the power industry as a whole



	VAT
	Capital expenditure is not deductible. 
	Influences decisions about investing in hydropower projects.

Influences the development of hydropower, wind power, and other renewable energy resources.

	Income tax
	Irrational administrative system.
	Negatively influences the allocation of power resources. 

	Allocation of investment in water projects
	Expenses for water conservation projects and the construction of reservoirs and other social functions are borne by power enterprises.
	Hidden taxes on hydropower can prevent the development of these enterprises.

	Funds
	Too many different funds. Also some funds lack a reasonable basis. 
	Raises the price of power for the end user and affects the demand structure of the energy industry.

	Pollution levies
	Levy on SO2 discharge too low.
	Discourages the installation and utilization of desulfurization equipment.

Affects the rational evaluation of investments in renewable energy.

	
	Inefficient utilization of funds.
	Prevents China from reaching the environmental protection targets, and increases the difficulty of raising levies. 

	
	Erratic, unreliable, and corrupt legal system.
	Blocks the implementation of policies and levies.


3. Recommendations for reform 

3.1. Recommendations for tax reform

3.1.1 Reform the VAT System and the Methods for Calculating Taxes

As discussed, the tax burden on the power industry is too heavy because (1) the actual taxes paid by enterprises using hydropower, wind power, and combustion generators are unequal, (2) no tax credits are allowed for capital assets, and (3) the burden of repeat taxation is large.  Thus to reduce the power industry’s tax burden, the government should revoke the VAT method based on production patterns and replace it with a system based on a consumption tax.  In addition, a uniform VAT rate should be imposed on all industries, except those producing basic necessities and some social welfare-related industries.  The VAT rate could be increased to ensure that no revenue is lost.  

The method of calculating VAT dues should be changed from deduction to addition.  So rather than the tax being based on a company’s sale revenues, the tax base should take into account wages, interest on investments, rent, and expected profit.  So, taxpayers would be able to link their income statements with their tax returns.  As long as the adjusted items (i.e., losses and gains) are entered in the tax return, the tax payable in the period can be computed. 

3.1.2 Reducing the tax burden on hydropower and wind power 

The change to a VAT based on consumption rather than production requires many related reforms that will take a long time to realize.  Without related reforms, it will be impossible to introduce consumption VAT into the power industry.  This report therefore provides recommendations for reforming the power industry system and reducing energy waste more immediately.

The most effective method would be allowing hydropower and wind power businesses to depreciate their fixed assets, while granting them a tax reduction on other products (including spare parts) subject to value added tax. 

In addition, the tax rate should be lowered significantly.  As noted above, the present VAT on hydropower is 4 percent higher than on power generated from coal.  So, to promote equal tax rates and expand hydropower resources, the VAT rate for hydropower companies should be reduced to 13 percent, which is equal to the VAT rate for coal-fired plants.

The cost of purchasing raw materials for wind turbines is much lower than for hydropower developments, but the tax on wind power is much heavier.  To encourage the development of renewable and environmentally friendly energy resources, the VAT rate for wind power companies should be at least as low as the rate for small hydropower enterprises (which would mean a reduction of 6 percent). 

3.1.3 Dividing income tax revenue from state-owned enterprises between central and local governments 

To both promote a uniform market throughout the whole country and to weaken local protectionism, income tax from all State-owned enterprises in all industries should be shared between the central and local governments.  As the primary taxpayers, State-owned enterprises should pay all their income tax to State Tax Bureaus, where the revenue should be divided between the central and local governments according to a fixed ratio.  All power businesses should pay their income tax to the local State Tax Bureau regardless of whether they are owned by provincial or national governments.  Thus the development strategies of local power companies will be influenced more by power prices than by who has administrative control of the enterprises.  Meanwhile, the development of an open market will lead to a more suitable allocation of power resources.  In addition, this tax system reorganization would facilitate the integration of power operations across regional boundaries.    

However, these reforms to the income tax system would trigger several significant changes in revenue allocation between central and local governments.  The provincial power enterprises in Guangdong, Hainan, Inner Mongolia, and Tibet belong to the provincial governments, so the local government revenue from these enterprises would be reduced if income tax revenue was shared with the central government.  All other provincial power enterprises belong to the central government.  As the profits from these State-run enterprises are generally low, it is difficult to judge how revenue incomes would change with these reforms.  In view of the many complicating factors influencing the distribution of income tax revenue, we urge that reform to the income tax system for the power industry should adhere to the following two principles: (1) that the redistribution of income tax revenue will not lead to dramatic changes in local government revenue.  If reforms actually reduce the local governments’ tax revenue, the central government will have to adjust the revenue based on auditing figures, and (2) that reforms to the income tax system for the power industry will be integrated into the overall reform of the national income tax system.  Then, the base rate for taxes can be calculated using comparisons with other industries.  

3.1.4 Removing the hidden tax on hydropower 

The government should analyze the various costs involved in any water control project, and decide how they should be distributed.  Hydropower businesses should assume responsibility for all costs resulting from harnessing water to create power, while society (the government) should bear the costs of other social benefits, such as flood prevention.  

There are various methods that can be used to determine cost allocations.  However the store-capacity method is easy to use and has been used before in water supply projects, which makes it a feasible option, at least during the initial stages. 

The costs of flood prevention and other social benefits (e.g., providing water for irrigation) should be borne by society if hydropower is to be competitive within the power industry.  There are two ways in which the government can compensate hydropower enterprises for these costs: (1) Collecting a tax or levy from those who benefit directly from the non-power-generating functions of any project.  (2) Granting hydropower businesses tax cuts or tax exemptions.  Because the first method is rather complicated and its feasibility limited, at least initially, we recommend the second method be adopted.  The details of tax cuts or tax exemptions should be determined according to investment levels and the actual costs for the non-power-generating functions of any given hydropower project. 

3.1.5 Creating policies to support the development of new and renewable energy resources 

In the long term, power consumption in China is going to increase, and as the coal-combustion generators, which currently dominate the industry, do enormous damage to the environment, China must develop clean and renewable sources of energy.  For example, production of wind power does not involve the consumption of non-renewable resources like coal and oil, and has no negative effects on the environment.  There are huge benefits for society from the use of renewable energy resources because these resources can not be exhausted.  But the long term benefits to society and the value of these renewable resources are not recognized in the current market, which is orientated towards short-term profitability.  Consequently, the government should be aware of these benefits and help promote them, by creating policies to support the development and promotion of technologies for generating power from renewable resources.  

One of the first and most important steps the government should take is providing tax exemptions and tax cuts to renewable energy enterprises.  At present the cost of wind power is approximately RMB 0.6/kWh (given the basic cost of RMB 6000-7000/kW and administrative factors).  If the VAT rate could be reduced to 6 percent, then the cost would be reduced to RMB 0.5/kWh and if the enterprise was also given an income tax exemption, the cost would be further reduced to RMB 0.4/kWh.  This would make it easier for wind power producers to compete with other power producers. 

The government could also add a moderate levy to the end-user power price to provide a subsidy for the renewable energy industry.  The most efficient way to give a subsidy to renewable energy companies is to grant them a sum that is a proportion of the enterprise’s actual annual sales of electricity.  That is, total subsidy = subsidy/kWh x kWh sold.  At present, annual national power consumption exceeds 1012 kWh, so if the levy was charged on all electricity consumed at a rate of RMB 0.005/kWh, the government would collect RMB 5 billion every year, which would be more than sufficient for supporting the development of renewable energy resources.  The power pricing structure would need some further adjustments; the price of electricity for users of high voltages and high quantities should be decreased, so that the levy will not increase costs for these users.  Although the levy will increase prices for users of low voltages and low quantities of electricity, the increase will be so small as to be almost negligible.  Consequently, the levy should not have much effect on average daily consumption.  Clearly there are no significant obstacles to the collection of funds, but further research is needed on how best to establish, co-ordinate, and collect this levy. 

3.2. Recommendations concerning power industry levies 

3.2.1 Continue the standardization of power levies 
(1) The construction fund for general power projects should be gradually phased out.  At present the supply-demand relationship in the power industry is undergoing some important changes.  As noted above, the reform of the financial system and the development of a capital market have facilitated financing for the power industry.  Therefore capital for the construction of power projects should be collected by issuing bonds and initial public offers (IPO—when stock in a firm is first sold publicly), rather by than charging levies and creating funds.  For example, if the funds for the Three Gorges Project had been obtained through stocks and bonds in the capital market, the Project would no longer need to charge the Three Gorges fee.  Therefore, the funds previously allocated to such projects could be used flexibly to finance other public programs. 

(2) Unnecessary levies should be abolished.  Too many different levies lead to a disordered power pricing system and high administrative costs.  Consequently the government should integrate those levies that are still necessary, and consolidate the funds already raised by the levies.  The distribution of the funds could be according to a ratio determined by current levels of funds and levies, or as a proportion of the funding requirements of each project.  If funds are urgently needed for a new project, the standard levy should be raised slightly rather than a new one introduced.  This would avoid a return to the current situation, which is both confusing and costly. 

3.2.4 Increase the levy on SO2 emissions

In order to deal effectively with the issues of SO2 pollution and acid rain in China, the levy on SO2 emissions should be higher than the cost for enterprises to install and operate desulfurization equipment.  This means the levy rate would need to be increased to more than ten times its current rate, to over RMB 2/kg of SO2.  As a corresponding measure, power companies should have the right to increase electricity prices to cover the cost of installing and operating adequate desulfurization equipment to meet or surpass government emission standards.   

The vast differences in regional weather, population density, and the distribution of historic sites across China mean that the effects of SO2, and the extent of the damage it causes, vary widely.  Thus control of SO2 emissions and the levies imposed should also vary to match the regional situation.  For example, in the eastern provinces where population density is high, and southwest China where there are serious acid rain problems, the levies should be higher than in other regions.  In Inner-Mongolia, Xinjiang and some other northern areas where the population density is low and where the weather is dry, the levy should be lower to help promote the rational deployment of power generation sources. 

3.2.5 Strengthen the supervision of the collection and use of revenue from pollution levies
There are two aspects to successful supervision of revenue collection and utilization: internal and external.  Internal supervision involves ensuring that the levying offices comply with the relevant regulations, establish standard acceptable procedures, and set up a rigorous internal management system to prevent corruption and illegal behavior.  

External supervision involves setting up an inspection and complaints system that prevents corruption and ensures that the implementation of the environmental protection regulations is open to public review.  

3.2.6 Improve the administration of funds

(1) A system to provide loans and subsidies for investment in pollution management should be finalized and implemented.  The purpose of pollution levies should be to get compensation from and impose punishment on industries that pollute, not to accumulate funds.  Therefore, loans and subsidies to finance pollution treatment should cover all the costs of a project and, if interest is charged, it should be at a very low rate. 

(2) The government laws and regulations should ensure appropriate allocation of revenues from pollution levies between different levels of government.  As noted above, SO2 emissions and water pollution can impact vast areas.  If the revenue from pollution levies goes only to local governments where the source of the pollution is located, the following two issues will inevitably emerge: (1) the revenue from levies will be too dispersed to allow for effective treatment of heavy polluting sources, and (2) the local governments may not be willing or enthusiastic to tackle the source of pollution, as the area under their jurisdiction may not be the area most affected by the pollution.  Therefore, the revenue from pollution levies should be shared between the central government and the local government in the area where the polluting facility is situated.  The details of how the funds should be allocated should depend on the the degree of damage caused by the pollution.  
Table 9    Summary of recommendations for reforms to the tax and levy system for China’s power industry
	Area  


	Recommendations
	Expected Impacts 

	TAX
	VAT

 
	Shift the VAT basis from production to consumption. 
	1) It will be possible to fairly evaluate the investment value of hydropower companies.

2) Producers using renewable energy and coal will pay equal taxes.

3) The establishment of a sound demand and supply structure for the power industry. 

	
	
	More immediately, (1) allow hydropower and wind power companies to depreciate the value of their fixed assets, (2)  reduce the VAT rates for hydropower and wind enterprises to 13% and   6%, respectively.  
	

	
	Income tax
	Implement changes to the distribution of income tax revenue.


	1) The rational location of power plants.

2) The reduction of administrative obstacles to effective power reform.

	
	Tax rate cuts and tax exemptions


	Transfer the costs for social benefits of water projects away from hydropower producers.
	1) The removal of hidden taxes on hydropower.

2) Further development and utilization of renewable energy resources.

3) The encouragement of sustainable development. 

	
	
	Grant tax deductions and/or exemptions for wind power and other renewable energy companies according to set power prices. 
	

	
	
	Provide financial subsidies for the development of renewable energy resources. 
	


	LEVIES
	Funds
	Clarify funding categories and adjust levy funding. 


	1) The collection of fees and the creation of a fund to finance renewable or other social projects.  

2) The creation of a resource to provide financing for the development of renewable energies.  

	
	
	Include a levy to fund development of renewable energy resources.
	

	
	Pollution levies
	Increase the levy on SO2 emissions. 
	1) Incentives for the installment and utilization of desulfurization equipment.

2) The improvement of efficiency and transparency in collecting and managing levies.

3) The improvement in the efficiency of fund utilization. 

	
	
	Improve the supervision of levy management.
	

	
	
	
	

	
	
	Provide pollution treatment subsidies and allocate the revenue from pollution levies appropriately. 
	


Chapter 6.
Incentive Policies for Renewable Power Development
Li Jingjing, Zhuang Xing, Zhang Zhenmin,

Ren Dongming, Liang Zhipeng

Summary 
This paper discusses a new kind of incentive policy for the development of renewable energy (RE), with an emphasis on renewable portfolio standards (RPS).  Under RPS, all suppliers are required to meet a specified portion of their electricity sales with electricity generated from renewable resources.  The proposed strategy is based on the analysis of existing domestic and foreign incentive polices, which can be used to review the current situation and to analyze the main barriers to future development.  Such analysis demonstrates that, during the present stage of renewable energy development, China needs new incentives in order to encourage the formation of competitive market mechanisms.  Not only is legislation necessary to ensure that renewable energy is able to develop effectively, but a principle of “who consumes and who shoulders” is required to resolve renewable energy-generation tariff issues.  Incentive policies should combine broad-reaching “macro-policies” and locally specific “micro-policies”.

1．Renewable energy is a necessary component of a sustainable development strategy 
New and renewable energy (N&RE) includes a variety of power sources: hydro electric, solar power, wind generation, geothermal, etc.  Most renewable energy generation produces either low carbon or carbon-free emissions, so resources are not exhausted nor is the environment damaged. 

With the development of N&RE over the past several decades, these power sources have come to play an indispensable role in global energy supplies.  A 1998 European Union (EU) White Paper on energy strategies stated that, by 2050, 50 percent of the EU’s energy needs would be met by N&RE.  The United States and Japan have also announced that energy growth in the next century largely depends on clean and renewable energy.  A number of developing countries, such as India, Indonesia, and Brazil, regard N&RE as an important component of their energy strategy and have created a series of incentive policies to facilitate their N&RE development.
For China, the development of N&RE is particularly urgent.  At present, more than 45 million people have no power supply, more than 40 million people live below the poverty line, and over 200 million people are facing desertification.  Developing China’s abundant N&RE resources—solar, wind, and biomass energy (suitable to local conditions)—is the most realistic choice for these regions to attack poverty, raise standards of living, and improve the environment.  The Chinese government has long been concerned with, and has paid serious attention to, the development of renewable energy.  In particular, since the Eighth Five-Year Plan, the central government has included renewable energy development in The 21st Century Agenda of China, as well as in the Ninth Five-Year Plan and the Outline for China's Prospects for Economic Development.  In 1995, the State Council approved the Report on N&RE Development and the N&RE Development Outline for 1996-2010, which were proposed by relevant government departments.  These measures have accelerated N&RE development in China.  For example, the roughly 800 million Chinese who live in rural areas consume energy at a rate of more than 600 Mtce (million tons of coal equivalent) annually, almost half of which is supplied by renewable energy (a large part of which is from biomass).  However, N&RE has not kept pace with national economic development, and N&RE technology development still lags behind international levels.  In order to both shift the national economic focus towards developing western China and adapt to global climate change issues, the speed and scale of China’s N&RE technology development must be increased.

Currently, China’s traditional economic system is undergoing a profound transformation, and a new economic system is being established.  At the same time, the generation of power in China is being restructured.  The N&RE industry must adapt to this new economic system and contribute to the sustainable development of China’s power industry.
2.  The status and prospects of RE development 
2.1 The status of RE development in China 
Since 1949, and particularly during the Eighth Five-Year Plan period, the development of China’s renewable energy has progressed.  In 1998, the energy supplied by various modern renewable energy technologies had reached 29 Mtce, equal to 1.8 percent of traditional energy consumption and exceeding the share of natural gas consumption.  In terms of total energy, the 272 Mtce per year supplied by N&RE accounts for over 16 percent of the primary energy consumed in the country.  The role of N&RE in China as compared to other energy sources is reflected in Table 1.

By the end of 1998, the electricity provided by various modern renewable energy technologies had reached 66 x 109 kWh, equivalent to 5.8 percent of the total electricity generated in China that year.  Detailed information is reflected in Table 2.
Table 1 The role of China’s N&RE development and utilization capacity 

in the total primary energy consumption in 1998
	
	Energy consumption 

(106 tce)
	As percentage of total energy consumption 

	National total 
	1,659.8
	100.0

	Total conventional energy
	1,387.1 
	83.6

	Coal
	973.8
	58.7

	Petroleum
	296.3
	17.9

	Natural gas
	28.6
	1.7

	Large hydropower
	88.4
	5.3

	Nuclear power
	-
	-

	N&RE
	272.7
	16.4

	Traditional utilization of biomass
	243.6
	14.6

	High quality N&RE
	29.1
	1.8


Data source: Processed from China Statistical Yearbook 1998.  Nuclear power: 2,100 MW, 14.1 x 109 kWh. Average consumption rate of standard coal for generating electricity: 0.375 kgce/kWh (estimated). 
Table 2 Estimated development and utilization capacity of China’s N&RE power generation by the end of 1998

	Technology or equipment types     
	Application scale

	1.Small hydropower(
	211GW, 653x104GWh 

	2.Solar energy
	0.13GW, 0.26x104GWh

	3.Wind power
	2.5GW, 4x104GWh

	4.Geothermal for power gen. (
	0.35GW, 1.8 x104GWh

	5.Biomass for power generation
	4GW, 12x104GWh

	  Biogas (including MSW)
	0.012GW, 0.0017x104GWh

	  Straw & Stalk
	0.01GW, 0.02 x104GWh

	  Bagasse 
	4GW, 12x104GWh

	Total installed capacity of N&RE by 1998 (grid + off-grid)
	211GW, 671x104GWh

	As percentage of total power generation
	5.8 %


Note: (converted from the data provided by the Ministry of Water Resources; (processed from China’s Rural Energy Yearbook 1998 
The following conclusions can be drawn:

· N&RE technologies have progressed, some of which have been commercialized or are approaching commercialization.

· The N&RE industry is on the right course and is achieving the necessary economies of scale.

· Technical and economic performance has improved.
Table 3 Assessment of the development stages of Chinese N&RE power generation technology

	Technology type
	Technology maturity and stage of development 

	
	R&D 
	Demonstration
	Early commercial
	Fully commercial

	Small hydropower
	
	
	
	√

	Large-scale wind farms 
	
	
	√
	

	Biomass power generation
	
	√
	
	

	Solar PV home systems
	
	
	√
	

	Small wind systems
	
	
	√
	

	Geothermal power generation
	
	
	
	√

	Urban waste power generation 
	
	√
	
	

	Wave power generation
	√
	
	
	

	Tide power generation
	
	
	√
	

	Ocean temperature gradient power generation
	√
	
	
	


However, the rate of China’s N&RE development is neither satisfactory in comparison with the rate of international development, nor is it appropriate from a commercialization standpoint.  At present, most of China’s renewable energy technologies are still in the R&D phase or are pilot projects, with only a few reaching commercialization.  This lag comes from inadequate operating mechanisms and a shortage of long-term incentive policies.  Therefore, it is necessary to create a series of incentive policies to facilitate China’s N&RE technology development.  
2.2 Development prospects of renewable energy
Renewable energy development goals

According to the Tenth Five-Year Plan for the Design of China’s N&RE by 2010, the RE development goals are as follows:

· To draft a development plan for N&RE in China that seeks to (a) set quantified targets, (b) enforce legislation, and (c) ensure the development of the N&RE industry.

· To introduce, debate, and implement the new policy over the course of the Tenth Five-Year Plan of “RE mandated market share,” (also known as RPS).  The RE mandated market share should both significantly impact China’s RE market, and facilitate RE industrialization and local production.       

· To increase government and public awareness of the importance of N&RE development.

· To allow N&RE prices to change with the market.  To realize this goal, N&RE enterprises need to improve their technologies, decrease their production costs, and increase their degree of commercialization.
· To foster the relationship between R&D, demonstration, and industry development.  To support mature technologies that have already demonstrated competitive prices.  
Total target plan for renewable energy 

The main N&RE technologies (wind power or PV) in China should be developed by encouraging R&D and/or demonstrations in order to exceed the highest levels of N&RE in developed countries.  More mature technologies (solar water-heaters and non-power geothermal) should aim to reach scales of industrialized countries.  Furthermore, steps should be taken to reduce costs, enable RE to compete in the market, widen the scale and range of production, change the traditional use of biomass, gradually increase the proportion of N&RE in the energy industry, and increase access to power in remote regions.

Renewable energy forecast 
The forecast scheme includes a “basic plan” and “a policy scenario.” The basic plan is based on current N&RE policies and their continued implementation.  The policy scenario is based on the implementation of new policies that encourage RE, such as RPS, operating concessions, Systems Benefits Charges (SBC) etc.  A detailed RE electricity forecast can be seen in tables 4 and 5. 

Table 4  Collective table of renewable energy development planning 

 Power generation and thermal applications

	Sort
	Basic scenarios
	Policy driving scenario (1)
	Policy driving scenario

 (2)

	
	1998
	2005
	2010
	2005
	2010
	2005
	2010

	Total installed capacity 106 kW 
	277
	384
	470
	384
	470
	384
	470

	Total planned RE installed capacity 106 kW 
	21.87
	27.1
	33.4
	28.3
	36.1
	29.6
	40.9

	Percentage of total installed capacity
	7.85
	7.06
	7.10
	7.36
	7.68
	7.68
	8.71

	Total power demand 109kWh
	1,160.
	1,590
	1,930
	1,590
	1,930
	1,590
	1,927

	Total planned RE power generation 109kWh
	67.1
	83.4
	102.
	87.0
	110.
	90.9
	125.

	Percentage of total power generation 
	5.80
	5.26
	5.31
	5.49
	5.73
	5.73
	6.48


Table 5  Basic scenarios for renewable power development 
	
	1998
	2005
	2010

	
	Installed capacity
	Generation
	Installed capacity
	Generation
	Installed capacity
	Generation

	
	106kW
	109kWh
	106kW
	109kWh
	106kW
	109kWh

	Total power demand
	277
	1,160
	384
	1,590
	470
	1,930

	Total renewable power generation
	21.8
	67.1
	27.1
	83.4
	334
	102

	Percentage of total demand 
	7.85
	5.80
	7.06
	5.26
	7.10
	5.31

	Including
	
	
	
	
	
	

	Small hydro-power 
	21.1
	65.3
	25.9
	80.3
	31.5
	97.7

	Percentage of total power demand 
	7.60
	5.64
	6.75
	5.06
	6.71
	5.07

	Percentage of total renewable energy 
	96.8
	97.3
	95.5
	96.3
	94.4
	95.4

	PV power
	0.013
	2.6
	0.040
	0.080
	0.100
	0.200

	Percentage of total power generation 
	0.00
	0.00
	0.01
	0.01
	0.02
	0.01

	Percentage of total renewable energy
	0.06
	0.04
	0.15
	0.10
	0.30
	0.20

	Wind power 
	0.247
	0.400
	0.700
	1.54
	1.200
	2.64

	Percentage of total power demand
	0.09
	0.03
	0.18
	0.10
	0.26
	0.14

	Percentage of total renewable energy 
	1.13
	0.60
	2.58
	1.85
	3.59
	2.58

	Geothermal power
	0.035
	0.175
	0.040
	0.200
	0.080
	0.400

	Percentage of total power demand 
	0.01
	0.02
	0.01
	0.01
	0.02
	0.02

	Percentage of total renewable energy 
	0.16
	0.26
	0.15
	0.24
	0.24
	0.39

	Biomass power 
	0.402
	1.20
	0.432
	1.29
	0.477
	1.43

	Percentage of total power demand
	0.15
	0.10
	0.11
	0.08
	0.10
	0.07

	Percentage of total renewable energy
	1.85
	1.79
	1.59
	1.55
	1.43
	1.39

	Power from marsh gas
	0.0012
	0.002
	0.0015
	0.003
	0.0019
	0.004

	Percentage of total renewable energy 
	0.01
	0.00
	0.01
	0.00
	0.01
	0.00

	Power from rice husks
	0.0010
	0.002
	0.0011
	0.002
	0.0015
	0.003

	Percentage of total renewable energy
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Power from bagasse 
	0.400
	1.20
	0.429
	1.29
	0.474
	1.42

	Percentage of total power demand
	0.14
	0.10
	0.11
	0.08
	0.10
	0.07

	Percentage of total renewable energy
	1.84
	1.79
	1.58
	1.54
	1.42
	1.39


3．Major barriers and problems for Chinese N&RE development
N&RE technologies confront numerous barriers and problems in the course of commercialization.  Although China has abundant N&RE resources and a large potential market, the current rate of development is unsatisfactory.  To achieve commercialization, some barriers impeding development—mainly in management, policies, technologies, markets, and awareness—must be removed.  
3.1 Lack of understanding of the strategic importance of developing N&RE, and the absence of clear development targets and effective approaches 

Society at large does not yet recognize the benefits or the importance of developing N&RE for sustainable development.  The public perception is that N&RE is expensive, and that its potential for replacing traditional energy in the short-term is limited.  Local governments have not implemented the central government’s strategic guidelines for actively developing N&RE, nor have they adapted the guidelines to local conditions.  Local experiences thus far have indicated the following:

(1) N&RE development is not part of the government agenda at all levels.
(2) Some regions fail to draw up long-term or annual plans for N&RE.  Other regions have worked out long-term and annual construction plans, but their plans lack support.

3.2 The absence of systematic economic incentive policies and the lack of perfect market mechanisms
· Current pricing mechanisms conflict with the healthy development of N&RE.

· Reasonable incentive policies do not exist.

· Pressure is required to reduce costs because, during the initial stages of production, the expenses of N&RE remain high.  However, pressure to reduce costs is presently lacking. 

The N&RE industry provides obvious environmental benefits, but is not well developed.  From international experiences it can be seen that government support is a key initial force required to foster the N&RE market.  Whether in developed or in developing countries, N&RE cannot progress without support from the government.  Assistance can be provided in the form of investment assistance, tax incentives, subsidies, or market policies.
In China, N&RE has mainly been developed in remote and poor areas.  Developing N&RE in these regions has high social benefits but low economic benefits, so policy stimuli and assistance from central and local governments are necessary.

Economic incentive policies require time to be effective.  Questions need to be addressed about policy needs, implementation time-lines, and policy coordination.  These questions must be researched and tested systematically.  Policies should employ some measures that can be terminated when they have accomplished their objectives.
3.3  Slow industrial process and outdated management
Small-scale operations, dispersed distribution, low integration, antiquated processes, and poor quality control characterize the majority of N&RE equipment producers.  Since locally manufactured N&RE equipment is usually unavailable, it is hard to reduce engineering costs and obtain components quickly.
3.4
Input and support from the government at all levels is insufficient

The Chinese government at all levels provides insufficient input to N&RE.  To date, China's N&RE construction projects have not been routinely included in fiscal budgets or at all levels of planning.  N&RE projects do not have the same regular financial channels as those for traditional energy construction projects.  The Chinese financial system impedes investment; owners lack the ability to access international capital markets.  The result is that the Chinese N&RE industry cannot attain even modest economies of scale, a situation that affects the entire N&RE industry.  

Because of a shortage of basic research and development (R&D) many N&RE technologies are hard to commercialize, even though numerous technologies have been employed for long periods of time.  Much equipment—such as large- and medium-scale wind turbines—is only available through import, resulting in slow development and little industrialization or commercialization.

Many N&RE projects have excellent potential for market development, but such potential has not been fully tapped because of a lack of relevant information and investment.

Though some standards relating to N&RE products have been established, systematic technology standards are still lacking.  In particular, there are neither national standards for product quality, nor any corresponding laws and regulations for N&RE quality control.

4．Related RE regulations, laws, and incentive policies

4.1 Laws and regulations related to RE in China
The central government has taken the following steps to establish RE laws and regulations: 

(1) China’s Electricity Law, promulgated in 1995, is the first special law on energy in China.  Chapter one, “General Provisions,” clearly indicates that the national authorities encourage and support the utilization of renewable energy and power generation from clean sources.  Chapter two, “Rural Electricity Construction and Agriculture Electricity Consumption,” stresses that the central government advocates developing rural hydro energy resources, such as small hydropower plants, to bring electricity to rural areas.  This chapter also encourages and supports utilizing solar, wind, geothermal, biomass and other types of renewable energy to increase rural power supplies.
(2) The Outline of the Ninth Five-Year Plan and the Prospect and Goals of China’s Economic and Social Development by 2010 was approved by the Fourth Conference of the Eighth National Congress.  This document sets forth China’s energy development strategy, recognizing the power industry as central to China’s future.  It emphasizes coal as a foundation for growth, supports prospecting for oil and gas resources, encourages development of new energy sources, and calls for improvements in China’s energy structure.  Moreover, section one emphasizes the development of small hydropower, wind, solar, geothermal, and biomass energy suitable to local rural conditions.
(3) The Law of Energy Conservation was released in 1998.  This law stresses the strategic role of RE in conservation, reducing emissions, and improving the environment.

Some local, provincial, municipal, and county governments, such as Hebei and Shandong provinces, have promulgated laws and regulations related to RE that have been approved by provincial governments and congresses.  These laws and regulations were proposed to encourage rural energy construction and the development of new energy.  They have been important forces in the development of local renewable energy.

4.2 RE incentive policies in China
Economic incentive policies

(1) Reduction of and exemption from tariffs

The Chinese government’s most visible support for renewable energy is in the reduction of and exemption from import tariffs for RE equipment.  In order to keep in line with international market conditions, general average custom rates since 1996 have been reduced by 23 percent through several adjustments.  At present, although there are no clear regulations on preferential treatment for import tariffs, wind turbines, and PV equipment are treated preferentially.  For example, the tariff rate charged for wind power components is 3 percent and no tax is charged for wind turbines.  However, these tax incentives both encourage developers to import entire wind generators, rather than utilizing some Chinese components, and lead to high equipment costs.  On the other hand, the tax rate for imported solar PV systems is 12 percent, placing solar PV development at a disadvantage to other renewable technologies. 

(2) VAT preferences

There are no uniform regulations to treat RE products with VAT preferences.  The two exceptions are that artificial marsh gas is subject to a VAT rate of 3 percent and hydropower is subject to a 6 percent VAT (compared to the general VAT rate of 17 percent).

(3) Reduction and exemption of income tax

During 40 years of development, the income tax system has been improved and standardized.  Currently, the average business income tax rate is 33 percent.  Local authorities collect income taxes, while the central government generally issues the corresponding policies and regulations.  Local governments can use the income tax to stimulate the development of renewable energy in their regions.  Some local governments, such as the Inner Mongolia and Xinjiang Autonomous Governments, have enacted relevant preferential policies to support the development of local renewable energy. 

(4) Preferential policies for grid-connection and prices.  

The Ministry of Science and Technology’s State Development Planning Commission (SDPC) enacted the Notice Addressing Problems Related to Enforcing Wind Power Development, which was approved by the State Council in 1999.  This document was a response to the implementation of The Regulations for the Management of Connecting Wind Power to the Grid that the former Ministry of Power issued in 1994.  The 1999 notice stressed that N&RE power projects have priority in receiving loans for capital construction, principally from the State Development Bank.  At the same time, commercial banks are encouraged to actively participate in these kinds of businesses.  For medium- and large-scale N&RE power projects with a capacities over 3,000 kW, which are approved by the central authorities, SDPC will assist in obtaining loans from banks, with a 2 percent discounted interest subsidy.  National projects are to be subsidized by the Ministry of Finance (MOF), and local projects by local departments.  The 1999 notice revised earlier requirements concerning grid-connected wind power management.  The more recent notice made it clear that renewable electricity must be allowed to connect to the grid.  The on-grid electricity price is determined by the principles of summing both electricity production and capital repayment costs, while taking into account interest rates and reasonable benefits.  The regulation also specifies that the cost will be spread over the entire grid and will be included in the average grid price.  Meanwhile, N&RE power generation projects that utilize locally manufactured equipment are able to benefit from a 5 percent investment subsidy benefit.

(5) Loans with discounted interest

Since 1987, the Chinese government has set up special loans with discounted interest rates for rural energy.  These loans are mainly used in the deployment of large and medium marsh gas engineering projects, solar thermal applications, and wind power technologies.  By 1996, the loans had risen to between RMB 120 and 130 million a year.  Central fiscal departments assist the projects through loans with discounted interest rates, paying half of the loan interest costs to commercial banks.  In addition, the central government set up low-interest loans for small hydropower construction projects.

(6) Subsidy policies

The subsidies from the central government are mainly used for R&D and pilot projects for renewable energy.   In contrast, subsidies from local governments are mainly used for the deployment and application of solar and wind energy technologies.

R&D policies

The central government’s policies for the development of renewable energy support a large-scale development plan for renewable energy and provide large subsidies to assist renewable energy R&D.

The central government’s R&D subsidies fall into three categories: First, the government provides administrative expenses for various renewable energy research institutions, funding all or part of their scientific activities.  Second, the government provides support for key scientific and technological projects and personnel training.  The total government expenditure for these national scientific and technological projects during the Ninth Five-Year Plan has been estimated at over RMB 100 million.  Third, the government subsidizes RE projects, such as establishing 4 photovoltaic power plants with a total capacity of 85 kW in Tibet.  This central-government supported project of RMB 7 million was a part of the Eighth Five-Year Plan.

Market development policies

China has only limited experience in developing a renewable energy market.  However, during the development of wind farms and the approval of some key scientific projects, some competitive methods such as “open bidding” were tried.

5． International experiences with renewable energy incentive policies
5.1 Global development of renewable energy
Authorities from both home and abroad predict that with the continued exploitation of current energy resources, renewable energy will become increasingly important.  Many developed and developing countries are drafting new policies to accelerate the development of renewable energy.  Generally, the policies work in concert with relevant legislation in order to establish a renewable program with implementation and expansion targets.  

China's government is using both policies and legislation to enhance their support of renewable energy development.  In accordance with international organizations, such as the World Bank, China is analyzing the feasibility of establishing Renewable Portfolio Standards (RPS), using government bonds to finance renewable projects, and employing wind concessions to promote wind power.  
5.2  Implementation of RE incentive policies in other countries
In the U.S., RPS policy was formally introduced in ten states, and is now becoming implemented across the country.  RPS originated in the power-restructuring program of California in 1998.  RPS policy has since been introduced in various other states, some of which are also restructuring their power markets, though in different ways.  According to an Environmental Impact Assessment, RPS implementation will reduce carbon emissions at an annual rate of 19 million tons by the year 2010.  Compared with the current scheme, RPS policy will reduce CO2 emissions by 1.1 percent.  To increase the flexibility and efficiency of RPS, some statutes allow for the creation of renewable energy certificates, which can be traded among suppliers and can be deposited in banks for future use.  The value of such certificates is typically in the range of U.S.$ 0.015/kWh.
The EU will implement corresponding RPS policies

To guarantee fair competition and to reduce the distortion of trading, the EU is drafting a resolution for establishing uniform RPS and has suggested a green certificate system in order to promote development of the renewable power market.  In 1997, the EU issued a white book act that established a 12 percent target for 2010.
The UK’s Non-Fossil Fuel Obligation

Beginning in 1990, the UK implemented the Non-Fossil Fuel Obligation (NFFO) program.  NFFO is similar to RPS and provides a market for renewable energy.  In March 1999, the Minister of Trading and Industry issued a draft for the development of renewable energy, affirming the commitment to increase both funds for R&D and for the industrialization of renewable energy.  The government is preparing a plan for producing 10 percent of its power from renewable energy.  The formal policies were issued in 2000.

Holland utilizes voluntary quotas and has implemented a green certificate trading system
In 1998, the Dutch government enacted a new power statute, which provides a series of rules for the production and transmission of power.  Meanwhile, the government negotiated with the Power Association to develop a voluntary quota policy and implement a green certificate plan.  According to the green certificate plan, a manufacturer can get a green certificate for supplying 10,000 kWh to the grids.  Manufacturers that cannot fulfill the requirement are fined the equivalent of U.S.$ 0.05/kWh.  The price of green certificates in the market is U.S. cents 1.2-2.1/kWh.  By 2000, renewable energy sources produced roughly 1.7 x 106 kWh per year.  

Denmark implemented a green power quota in its restructuring scheme

The target of the Danish energy action group, “Energy in the 21st Century,” is to reduce 1998 levels of CO2 emissions by 20 percent by the year 2005, and by 50 percent by the year 2030.  To realize such ambitious goals, two measures will be implemented: an increase in energy savings and efficiency, and an increased use of renewable energy.  In 1999, the Danish government passed a restructuring scheme, which included a target for renewable energy generation.  The restructuring scheme stipulates that the renewable quota must increase from the current 10 percent to 20 percent by 2003, when at least 20 percent of consumer electricity must come from renewable sources.  The latest power supply act issued by the government states that power cooperatives must purchase power from small-scale plants or renewable energy plants at favorable fixed prices.  
Australia implemented a mandatory quota policy by legislation

In 1999, the Australian government fixed a target for developing renewable energy, with federal legislative backing.  By 2010, the target is to increase the supply of renewable energy to 25.5 x 109 kWh, equal to 12 percent of the electricity generated in the whole country.  This target will be implemented nationwide and the retail and wholesale suppliers in these states and regions must each implement their set quota.  These quotas are to be strengthened by federal legislation that was planned to come into effect in 2000.  With the implementation of these measures, electric power companies are to receive one RECS for each MWh produced with renewable energy resources, and they are to be fined U.S.$ 40/kWh if they cannot fulfill the targets.  If the deficit is made up within three years, all fines can be withdrawn.  This creates an indirect price ceiling for retail electricity companies. 
6. Comparisons between overseas and domestic renewable energy policies; lessons to be learned
On the basis of the analysis of overseas and domestic renewable energy policies, we offer some suggestions for the constitution and research of new and renewable energy policies in China.
6.1  Legislation is necessary to ensure that RE policies are effectively realized 

Judging from experiences both at home and abroad, formal statutes must be implemented in support of renewable energy.  In countries where renewable energy developed at a fast pace, legislation was relied upon to guarantee compliance.  The American Energy Policy Act, the European Union’s Energy White Books, the UK’s NFFO, the Netherlands’ New Electric Power Law, and the Danish Power Supply Law all promote the development of renewables under the regulation and protection of laws.

For the past several decades, the Chinese government was primarily responsible for administering the energy industry.  Even though they recognized the importance of statutory regulations, the industry has been guided mainly through administrative directives.  Few important statutes have been standardized, and China has not implemented a standard renewable energy law.  

We strongly urge the creation and implementation of mandatory legislative policies that promote N&RE development.  RPS is an effective policy; its success has been proven in many developed countries.  The U.S. and the EU have endorsed renewable energy by legislation, showing their commitment to improving the environment and reducing emissions of greenhouse gases.  All these policies and experiences serve as valuable points of reference for China.
6.2 Pay more attention to the coordination of macro and micro policies and enhance the operability functioning of the policies

Renewable energy policies in America contain concrete provisions with detailed descriptions supporting those provisions.  For example, U.S. energy legislation includes the provisions of SBC and the grid access rights of power producers for renewable energy equipment at local levels.  In China, renewable energy policies discuss the necessity for change, but lack detailed rules for implementation.  Policies often focus on temporary matters or specific local concerns, and do not address matters of sustainability, systematization, and standardization.  Thus, in constituting new RE policies, China should compare and evaluate all its current policies, then design a frameworks for RE policy, pinpoint all the advantages and disadvantages, and combine macro and micro policies to form an effective system of policies.  
6.3 SBC and other subsidy policies should be incorporated into N&RE policies 
Subsidies are one of the most effective renewable energy policies.  Generally, there are three forms of subsidies: subsidies to investors, subsidies for output, and discounts for consumers.  China usually uses consumer discounts.  Countries such as the U.S., Germany, and India also use subsidies as incentives.  Subsidies prove effective in driving consumer markets and attracting needed capital investment.  China’s subsidy policies should be improved based on foreign experiences.  To increase the availability of capital, we should increasingly rely on private capital rather than on the government.  We should adopt SBC and NFFO as our policies in the same way that the U.S. and Western Europe have.  We should also do some research to refine the administration of subsidies.  Experience shows that giving subsidies directly to customers does not achieve the expected goals; on the other hand, subsidizing investors and adopting open bidding could both enlarge production scales and decrease costs.  
6.4 Tax policy can be utilized to assist RPS
There are two different types of tax policies.  The first type is preferential (incentive) policies, which includes lowering tariffs, reducing taxes on fixed assets, mitigating value added taxes, and applying preferential income-tax rates.  These preferential policies have no direct impact on improving the productivity or reducing costs for enterprises in all sectors.  However, without these preferential policies, some businesses in the renewable industry would be unable to survive. 

The second type of tax policies is deterrents, which should be mandatory.  Polluting companies should be fined.  Experience has proven that these policies can bring good results, not only by promoting the development of N&RE resources, but also by encouraging enterprises to adopt advanced technologies.  Therefore, in the short-term, mandatory deterrent tax polices are necessary.  If used in conjunction with RPS, they can provide incentives to achieve targets.  
6.5 The keys to preferential pricing are green certificates and the principle that consumers should shoulder the charges 

Preferential pricing provides effective incentives for the development of RE, and most countries adopt incentive policies to encourage public power corporations to buy power from renewable sources.  Many countries adopt green certificates to decrease the costs of renewable power.  This results in distributing any additional costs associated with using RE among all consumers.  In China, there are some favorable polices for wind power to connect to grids, but the main question is who should shoulder the price difference between renewable power and conventionally fueled generators.  Since renewable energy in China still only constitutes a small part of the energy industry, the capital needed to implement a preferential pricing system with green certificates would also be relatively small.  Thus a system in which consumers assume the costs would be manageable and practical in China.

6.6 The development of RE, demands a complete policy system with rational and fair mechanisms
Analysis has indicated that many policies can broaden the renewable energy technology market, including RPS, NFFO, SBC, favorable grid-connection prices, subsidies for consumers, flexible financing mechanisms, and fair measures for evaluating projects.  Yet, in China there are currently few policies for either increasing efficiency or reducing costs—only RPS plus competitive mechanisms, NFFO, and local R&D policies exist.  There are even fewer policies that have a comprehensive effect: most have only RPS plus mechanisms and NFFO.  In order to supplement China’s current inadequate sustainable RE polices, we recommend the adoption of all effective international RE policies.  
7．Feasibility study of Renewable Portfolio Standards in China
7.1 A summary of RPS
7.1.1  The basic concept of RPS
RPS policy is a set of mandated and legal regulations that encourage the healthy development of renewable power in countries that have well-developed renewable energy systems.  RPS policy requires that renewable power make up a specified proportion of total energy generation.  The renewable power can come from local renewable energy sources or it can be purchased from other areas by green certificate trading.  Because RPS allows suppliers more flexibility and has more market features than traditional subsidies, this policy is very popular.

RPS policy is based on a competitive market.  This policy does not demand that the government raise significant capital or engage in detailed management.  The government serves to supervise eligibility and penalize illegal actions.  The green certificate market can aid competition among companies and encourage local development of renewable power technologies.  The difference between RPS and other policies is that RPS can ensure that renewable power makes up a certain portion of total power generated, thus guaranteeing related social and environmental benefits.
7.1.2  The objectives of RPS

· To further reduce both the cost and price of renewable power generation.

· To create stable policies and continually expand the renewable energy industry.

· To build a market system for the fair competition of renewable energy.  

· To develop RPS in coordination with power sector restructuring.    
7.2 Feasibility study of RPS in China 
7.2.1  Why does renewable energy need new incentive policies?

To develop a competitive market system

There are many barriers to the commercialization of renewable energy.  One major barrier is the lack of a well-developed market system, another is the lack of systematic incentives.  The laws and regulations related to renewable energy in China are insufficient.  Existing policies are limited to economic incentives and R&D, leaving policies on building the market system inadequate.  Although there are some efforts to develop the market, such as wind-farm developments and some projects tackling key technical problems, not enough has yet been done to meet the demand for renewable energy development.  Many practices show that functional problems are more difficult to address than those of technology or cost.  Most technical barriers can be resolved with existing technologies, and costs can drop with the improvement of operations.  But the functional problems involve political and economic systems, making them difficult to resolve.  Therefore, the development of a market system for renewable energy must be driven by incentive policies.  These policies must be (1) competitive and (2) strengthened by laws. 

The development of renewable energy requires new incentives

Whether the renewable energy industry can become strong in the Tenth and Eleventh Five-Year Plan periods depends on the government's policies.  In the Ninth Five-Year Plan period, renewable energy developed slowly.  Therefore, the establishment, of a new renewable incentive policy, via laws and regulations, is important for improving the development and supply of renewable energy necessary for developing western China without damaging the environment.

Enable China to compete in the international renewables market

The goal of establishing new renewable policies is to create a powerful market so that the related industries can form and develop.  Many countries have ambitious plans to increase the proportion of renewable energy in their total energy mixes.  They not only want to gain the environmental and economic benefits, but they also want the upper hand in technologies and training for international competition.  If China wants to keep ahead of other Asian countries and compete with developing countries, it must create a powerful renewable market to develop the renewable industry.  If proactive policies are not implemented, other countries may control the regional renewable market after developing renewable capacities exceeding China’s.  At the same time, China’s adoption of favourable renewable energy policies will be invaluable to its development of western China.  The sooner renewable power generation capacity becomes operational, the sooner the environmental and other benefits of renewable development can be realized.  Therefore, China needs to establish its renewable industry and promote commercialization by implementing incentive policies that encourage market competition and ensure renewable development through competitive markets.

7.2.2  The benefits of implementing RPS in China

Renewable energy objectives will be realized if laws are enacted

New laws and regulations are needed to ensure renewable development.  The reason that the U.S. has succeeded in wind, solar, and biomass power generation is that it has promoted RE technology development through laws and policies over a long period of time.  For example, the Public Utility Regulatory Policies Act, enacted in 1978, asserts that utilities must purchase all electricity offered from renewable and combined heat power sources, which allows renewable power to compete fairly with fossil power.  In 1992, the Energy Policy Act required that by 2010, power from renewable sources must increase 75 percent over 1988 levels.  The law also lowered the investment tax on renewable development and utilization and authorized the Energy Department to invest in pilot and commercialization projects.  

In contrast to the U.S., China’s main activity on renewable energy has been the discussion of policy.  Policy discussion allows for flexibility and provides a range of options, but it also has some drawbacks.  First, it presents no clear objective; second, it lacks legal strength and cannot ensure that policies will be implemented effectively; third, in the absence of related implementation rules, the policies and their requirements are difficult to achieve.  RPS would amend the existing policies, granting them legal strength and strongly encouraging renewable development.

A green certificate trading market will promote resources and ensure that funds are properly distributed 

RPS should be implemented along with green certificate trading.  Provinces could reach their proportion of renewable power generation by trading certificates on the green certificate market.  The price of certificates should be based on the higher renewable power generation price rather than on the market power price.  The price would be confirmed after taking into account the technology and the marginal costs of the renewable power generation potential of all regions.  This means that cost-effective technologies could be developed where local conditions are favorable, and the certificates could be traded in areas with poor natural resources.  Those areas with rich resources (mostly western China) should develop renewable energy for local consumption.  If economical, they could also transmit renewable power to an energy consumption center.  After achieving their target proportions, generation over and above these proportions could be sold for profit, which could then be reinvested in renewables. 

In areas with poor resources, the cost of developing renewables would be higher than the market price.  These areas should buy green certificates to reach their targets.  The areas with poor resources are mostly in eastern China, where economic advantages could be used to make up for their sparse resources and energy.  In this way the green trade would promote effective development of renewable resource potential, while decreasing the cost of renewable energy development.  The green trade could transfer funds from east to west and transport resources from west to east
.  

Implementation of the principle of “who consumes should pay for green electricity”  

Because renewable technologies have not generally been fully commercialized (except some hydropower, geothermal, and wind technologies), its generation cost and price are higher than the market price.  RPS institutes the principle of “the user pays,” meaning that the portion of the renewable power price that is higher than the conventional market power price should be paid by the users who consume the electricity, not by the utilities who produce it.  Based on this principle, it can be estimated that if in Inner Mongolia, for instance, 5 percent of the total power used by a resident every month came from wind power at a price of RMB 0.6/kWh, 1 kWh of power would increase the consumer’s price by just RMB 0.001. If the resident consumes 400 kWh of power every month, he would pay only RMB 0.4 extra every month, a sum that is negligible to most families but vital to the development of green electricity.

If all suppliers were obliged to meet RPS, then all users would pay for renewables.  Those who use more electricity would pay more; those who use less would pay less.  But a share of the cost of renewables would be “covered” in every kWh sold.

RPS will yield energy, environmental, and social benefits

What effect would implementing RPS have on the development and utilization of renewable energy? What benefits would be brought to the environment and society? In order to answer these questions, we have created a development scenario for the analysis of renewable energy, from which the following conclusions are derived: 

The development and utilization of renewables: According to the business-as-usual scenario, the development and utilization of renewable energy in 2010 would generate 10.3 x 109 kWh.  According to the policy-driven scenario (RPS is 5.5 percent), the development and utilization of renewable energy in 2010 would reach 11 x 109 kWh.  The new policy would increase renewable power generation by 0.7 x 109 kWh.

Social benefits: The development of renewables can provide many job opportunities.  Based on the business-as-usual scenario, by 2005 renewable development will have created 170,000 new job opportunities; based on the policy-driven scenario, 220,000 new job opportunities will have been provided.

Environmental benefits: In 2005, under the business-as-usual scenario, the emissions reductions of CO2 would total 3.8 million tons per year; the SO2 reduction would be 0.16 million tons per year; the NOx reduction would be 0.4 million tons per year; and the soot reduction would be 0.5 million tons.  If the incremental cost of reducing CO2, SO2, NOx, and soot produced by burning coal is figured in as an emissions reduction benefit of renewable energy, the total emissions reduction benefits of renewables in 2005 would be RMB 400 million under the business-as-usual scenario, and RMB 480 million under the policy-driven scenario.  Thus the new policy would yield an additional emissions reduction benefit of about RMB 80 million.

The total benefits of renewable development and utilization in China would be RMB 11.8 billion (109) in the business-as-usual scenario.  The policy-driven scenario would increase these benefits by about 25 percent.  Based on the new policy, benefits would total RMB 17.2 billion, equaling about 30 percent of the new investments in renewable energy during the same period.  This shows that the new policy could greatly promote the development and utilization of renewable energy.

7.2.3 Advantages of implementing RPS in China
China has abundant renewable energy resources

China has some of the best locations in the world for developing renewable energy, especially wind and solar power.  Small hydro-electric power plants have already been developed, and biomass power is also abundant.  Additionally, there is a large potential for using urban waste as a power source.

The drive to develop western China could promote the implementation of RPS

If RPS is implemented now, it can be integrated with policies to develop western China, and the two can support each other.  The development of the west (Western Development) provides a unique opportunity to establish and further renewable development.  The central government has funded the building of transmission lines to deliver electricity from the west to the east.  The infrastructure for power transmission and distribution will also enable the transmission of renewable power.  This development can become viable through RPS and green certificate trading which can bring benefits to the western areas.  Economic development would diffuse from the larger cities to less-developed western and rural areas and promote the development of western provinces, thus improving people’s living standards.  

Power sector restructuring offers an opportunity to implement RPS

China is restructuring the power sector for a number of reasons.  First, it aims to improve the efficiency of the power sector and to reduce the end-user prices by introducing competition.  Second, it aims to optimize resource distribution and promote clean and renewable energy development by breaking the industrial monopoly and market barriers between provinces.  Third, it aims to create investment incentives for all kinds of capital by building and maintaining a fair, competitive environment. 

The objectives of RPS are consistent with those of power sector restructuring.  Both power sector restructuring and amending the electric power law can create the right environment for promoting renewable energy development.  However, the legal aspects of power sector reform must be defined and the electric power law must be amended for the development of renewable energy.  This could improve variety in the energy supply and reliability in the power sector.  

7.2.4  Analysis of investment needed to implement RPS

Under the business-as-usual scenario, the development and utilization of renewable energy requires RMB 47 billion of new investment between 2001 and 2005, an average of RMB 9.4 billion per year.  With the size of this investment requirement, the amount of new renewable energy development and utilization in China would yield 5.24 Mtce, with an average investment of RMB 8,970/tce.  In comparison, based on the policy-driven scenario, RMB 56 billion of new investment would be needed, an annual average investment of RMB 11.1 billion.  In addition, the amount of new renewable energy development and utilization in China would be 6.55 Mtce, with an annual average investment of RMB 8,550/tce, RMB 420 less than that of the business-as-usual scenario.  

For renewable development, most funding is privately-financed or from construction or loans.  This funding is mainly used in project construction, for applications such as purchasing equipment, installation, and for infrastructure investment to develop renewable businesses.  Only minimal funding comes from government financing, mainly for technology conversion and service systems, standardization, quality control, publicity, training, and demonstration.  

7.2.5  Predictions regarding a green certificate trading market in China
The concept of a green certificate trading market

The aim of introducing green certificates is to encourage renewable power generation through market competition.  In order to encourage the development of renewable energy through the implementation of RPS, the goals of renewable generation must be clearly defined while the renewable energy targets must be fairly and rationally apportioned to every province.  The central government would issue green certificates for the portion of eligible renewable power that exceeds each province’s target.  Holders of green certificates could sell certificates on the market to the highest bidder.  If a province was unable to achieve its RPS goal, it could reach the target by buying certificates on the open market.

Green-certificate trading would transfer funds from developed eastern areas to renewable suppliers in western, less-developed areas, which would greatly increase the overall investment in renewable energy.  Furthermore, the implementation of RPS would help the development of western provinces.   
Predictions for the green certificate trade market in China

By forecasting each province’s power generation from renewable energy, and comparing that with their 5.5 percent renewable generation target, we can make a number of predictions about implementing RPS in China:

· Table 6 shows that if RPS policy is uniformly set at 5.5 percent, central, southwest, and northwest China (rich in renewable resource potential) would be able to export green electricity after exceeding their targets.  In comparison, north, east, and northeast China have a relatively small renewable resource potential (especially for small hydropower generation).  As a result, renewable power generation would be lower than 5.5 percent in these areas.  These regions would have to import green electricity to reach their objectives.  The distribution of renewable resources would result in regional differences in renewable power generation.  Green electricity would flow from west to east, which would create the basic conditions for a power demand market. 

Table 6 Comparing renewable power generation with RPS generation targets

	
	5.5 percent RPS generation targets
(109 kWh)
	Annual power generation from small hydro/wind/PV
(109 kWh)
	Comparison 
(109 kWh)

	Year 
	2005
	2010
	2005
	2010
	2005
	2010

	Total 
	79.3
	96.4
	96.4
	136.7
	17.1
	40.3

	North 
	13.2
	16.1
	3.4
	5.8
	(9.8)
	(10.3)

	Northeast 
	8.7
	10.4
	2.9
	5.0
	(5.8)
	(54)

	East 
	23.9
	29.0
	17.9
	23.4
	(6.0)
	(5.6)

	South-central 
	19.3
	23.6
	34.0
	43.3
	14.7
	19.7

	Southwest 
	8.0
	9.8
	27.8
	44.2
	19.8
	34.4

	Northwest 
	5.9
	7.0
	10.3
	16.0
	4.4
	9.0


· On the map featured below (Figure 1), the results of comparative analysis have been documented.  The map illustrates that if RPS were implemented, renewable power in central, southwest, and northwest China would exceed the local goals, which would enable them to sell their excess energy to other areas by way of green certificates.  The resulting capital could be used to reinvest in green electricity, allowing these areas to benefit from RPS policy.  In contrast, north, east, and northeast China would have to buy green certificates from other areas to meet their RPS requirements.  The trade of green certificates would move from west to east , which means the funds to invest in renewable energy would flow from developed areas to less-developed areas.

· Those areas with rich renewable resources, especially small hydropower, wind energy, and bagasse facilities would benefit from green certificate trade.  We suggest that every province carefully assess its renewable resources and decide how to implement RPS at the provincial level.

· The implementation of RPS would benefit areas with abundant renewable resources.  Many of these areas lie in the southwest part of China, which ties in with the country’s strategy of Western Development.
Fig. 1 Potential RPS and RE Development in 2005
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8.   Preliminary recommendations for the design of an RPS policy in China

8.1  Highlights of current renewable energy policies

The majority of countries that have implemented RPS have established market demand for renewable electricity generation through legal measures.  These measures provide clear requirements regarding the amount of renewable power generation, in combination with corresponding policies that encourage competition.  In contrast, the major barriers to China’s renewable energy development are the lack of clear targets, the lack of sufficient support from the government, and the absence of fair (level-playing-field) competition.  The main policies for overcoming these barriers are as follows:

· Identify quantitative targets for developing renewable energy.
· Enforce policies with legal or regulatory authority.
· Incorporate fair competition for renewable energy.

· Support local development of renewable energy.

· Improve co-ordination between players in the renewable energy field.
8.2 Framework and approaches for the enforcement of RPS policy  
8.2.1  Identify the time frame for RPS implementation

Other countries’ experiences with RPS demonstrate that it takes several years of preparation to implement legal or regulatory policies.  Certain RPS-related legal provisions require a transition period, detailed rules for implementing RPS, and pilot projects to establish their feasibility.  Power producers and suppliers of electricity must re-asses their resources and development plans in order to prepare for RPS targets. 
8.2.2 Identify quantitative targets for developing renewable energy

Identifying quantitative targets is a key component to implementing RPS policy.  Presently, international target setting occurs in the following formats:

· A target is set for a share of national total electricity to be generated from renewable energy (i.e., kWh).  Most countries adopt this type of target.  

· A national target is set for the expected share of renewable generation capacity as a portion of total electric power capacity (i.e., kW).  (For example, in Italy, the target for renewable generation capacity by 2010 is 24,700 MW).  

· A local-level target is set for electricity generated from renewable sources (kWh) as a percentage of the total consumption of electric power.  For example, there is no national target in the U.S., but ten states have formulated their own targets. 

· A target is set for the growth rate of new, installed electricity generation capacity from renewable energy sources.  India uses of this type of target.

· Individual targets are set for each renewable energy type.  For instance, Sweden has set a target of 0.75 x 109 kWh for biomass energy, 0.5 x 109 kWh for wind energy, and 0.25 x 109 kWh for small hydro-power.  Norwegian targets are only set for wind-generated electricity.
We have learned from international target setting, that indicators (kW, kWh), regional conditions, and technical factors must all be taken into account when establishing targets.  China must also identify specific national requirements when deciding on quantitative renewable energy targets. 

8.2.3  Enact mandatory laws and regulations 

Legal provisions or regulations require that electricity generated from renewable energy sources make-up a portion of the total electricity consumed.  In order to include RPS implementation in the Tenth Five-Year Plan, China needs to undertake the following: (1) amend the Electricity Law so it coordinates with the Environmental Protection Law; (2) launch a provincial pilot project and analyze the cost-effectiveness of incorporating the new policy; (3) determine the principles and regulations for sharing the price of green electricity; (4) deliver new legislative bills to the National People’s Congress, and (5) draft new laws and regulations.  

8.2.4  Establish a trading system of green certificates

The objective of establishing a green certificate trading system is to incorporate renewable electricity generation into a fair and competitive market.  The trading system of green certificates should operate within the following framework: 

· All regions that cannot meet their required share of electricity generated from renewables must purchase green certificates that cover their deficiency.

· An agency that regulates the green certificate trading system must be established.

· The responsibilities of the regulatory body should include the following: 
· Register information about renewable electricity suppliers.

· Establish inspection criteria and auditing procedures for registered generators.  

· Determine the useful life of green certificates and formulate regulations for their expiration.

· Establish an information management system for accurately conferring, transferring, and terminating green certificates.  

· Establish an information system on the web for green certificate trading that would provide information for both buyers and sellers.  The information system should include information about local total electricity consumption, grid-connected green electricity generation, and the trading price of green certificates available from other regions.   

· Set up rules and procedures on trading green electricity to make green certificates tradable.

· Formulate an accounting method to determine each region’s numerical target (kWh) and their progress towards meeting it.

· Enact penalties for those who fail to achieve their required shares and reward those who attain shares above the required targets.

· Provide an annual report to all interested agencies and parties about the year’s operation under the green certificate trading program.  
8.2.5 Identify the responsibility of individual players in enforcing RPS

Government departments
The State Council needs to create a new incentive policy for renewable energy development on the basis of existing laws and regulations.  The government should also be responsible for determining the following issues: (1) the legal requirements under RPS policy; (2) the initial time and duration of RPS enforcement; (3) the energy resources and technologies included within RPS; (4) the yearly variations in RPS quotas; (5) the purchase prices and price caps for green certificates; and (6) the tasks of individual and administrative agencies.

RPS Administrative Agency 

The agency administering the RPS policy could be a newly constituted agency authorized by the government.  The administrative agency should design the framework for certificate trading, formulate plans to meet required targets, and determine the awards and penalty provisions involved in the green certificate trading system.  The administrative agency should also provide government supervisors and participating utilities with periodic reports about the green certificate trading system.

Provincial governments

Provincial governments must be thoroughly briefed on both the necessity and the benefits of renewable energy policies.  They need to understand their crucial role in enforcing these policies. 

Electric utilities

The central and provincial governments should set national and local RPS targets, respectively.  Electric utilities should then be obligated to implement the RPS policy by obtaining contracts and green certificates.  In this way, utilities can estimate whether their generating capacity is adequate or whether they must purchase access to additional green power capacity from other regions and from other renewable sources. 

8.2.6 Policies should complement each other to form a sustainable policy system 
Different types of policies—such as mandatory, economic incentive, research and development, and market-oriented policies—must be combined to achieve optimum results.  Policies can exist on their own, but they are more effective if combined with a network of supporting policies.  For example, the Chinese government has implemented a three-year subsidy for wind power, which has reduced the grid price of wind power by 5 percent.  However, despite this economic incentive, the price of wind power is still higher than coal generated electricity.  If several policies are combined, such as the three-year subsidy policy, a 15-year investment repayment scheme, a free tariff system, and a VAT break, the-grid price will be reduced by 32 percent, allowing wind power to compete with coal generated power.  Similarly, government decrees that support the development of renewable energy are unlikely to bring much change without the support of concrete economic incentives.  In short, a variety of policies must exist together to ensue effective change. 
8.2.7 Government agencies must cooperate to implement renewable laws and regulations
Laws, regulations, and rules are required to guarantee the development of renewable energy.  The Electricity Law and the Energy Conservation Law, which underscore the importance of developing new and renewable energy, have existed in China for some time.  However, relevant governmental departments, the central government, and local governments must work together to reach a consensus on how best to implement these regulations so that China can meet its renewable energy development targets. 
8.2.8 First establish pilot policy demonstration projects and then apply the policies to the nation.
When considering new policies, the government must take into account regional differences and the ideas of different interest groups.  In order to judge whether a policy can work effectively in China, the government should carry out demonstration projects in a number of regions. 
In China, provincial demonstration projects are possible, since provinces are able to establish much of their own legislation and jurisdiction, and also have relatively flexible economic decision-making rights.  Furthermore, it is easier to test the feasibility and impact of policy implementation in one or two provinces than to test a policy on a national scale.  We therefore suggest that local governments first carry out demonstration policy projects and then implement these policies on a national scale.

Chapter 7.
Investment and Financing System for China’s
Electric Power Industry
1. The evolution of reforms in investment systems for China’s power industry 

1.1 The evolution and the status of investment systems for China’s power industry 

The ‘accumulation fund’ in a government’s budget is the net wealth created by a society that is then reinvested in the economy.  Any excess GDP remaining after deducting total societal consumption is either deposited or reinvested.  Investment can be defined as any funds, capital equipment, or supplies provided by major economic bodies such as governments, businesses, and individuals.  These investments are supplied prior to the start of a project, in order to increase future revenue from the project. 

Investment plays a role in encouraging sustainable economic growth, maintaining the balance between demand and supply, regulating the structures of industry and ownership, stimulating regional economies, and coordinating development.  Scarcity of investment can weaken the overall economic strength of a nation by hindering economic development, but over-investment can lead to a decrease in investment efficiency.  Well-chosen investment structures can help optimize investments to both stimulate industry and increase economic efficiency. 

Economic systems and their associated institutions require investment capital.  Over the past fifty years, China’s economy and its economic institutions have been restructured a number of times.  China’s investment systems—including the power industry—have had many forms.

1.1.1 During the ‘planned economy’ period (1949-1978), China’s government was the sole investor in its power industry.
Between 1949 and 1978, China established a highly centralized, planned economic system.  The government had absolute rights over production, communication, distribution, and consumption.  It regulated social resources via a series of plans—the materials plan, the financing and debit plan, the pricing plan, etc.  The State orchestrated the distribution and redistribution of income and the collection of funds for designated social purposes.  All income from State enterprises was absorbed into a general national fund.  The government authorized all investment projects and controlled all investment resources.  In the absence of any strictly modern businesses, the government became the sole investing body in China.

Over the 26 years between 1953 (the beginning of the first 5 year plan) and 1978, infrastructure construction was allocated an average of 80 percent of the State budget: 89.3 percent in the first five-year plan, 78 percent in the second, 88.5 percent in the third, and 81.6 percent in the fourth.  However, the average ratio of bank credits to revenues in government enterprises and departments averaged only 18 percent.  Borrowing was small relative to revenues and there were few other ways of raising capital. 

Under the planned economy, the power industry received massive funding as a result of its crucial role in national welfare, but the State plan dictated the nature of all construction plans and funding arrangements.  Financing for the development of the power industry came from allocations of government funds.  There were no conditions for repayment of capital or interest, but the State collected all profits from the industry. 

During this period, the State’s priorities in the development of the power industry were to increase hydropower and combustion power generation capacities, with the main emphasis on hydropower.  Investment focused more on electricity generation than on the transmission grid.  However, government funding was limited.  Power generating capacity increased only slowly, and hydropower resources remained underdeveloped.  These factors combined to prevent the industry from providing adequate power for national economic development, and electricity shortages became a serious restraint on growth.  Furthermore, since capital and interest were not repaid, depreciation for accounting purposes was ignored, and electricity prices remained low.

1.1.2 During the period of economic transformation (1979-1997), China began diversifying structures of investment and property rights.  Fundraising and loans began to replace government appropriations as the primary means of financing power plants. 

The period of economic transformation, also called the interim economic period, refers to the time during which institutions that were once part of the planned economic system, gradually began to operate under free-market principles.  In 1979, the government began to reform the economic system in an attempt to transfer control (and benefits) to the public sector.  These fundamental changes to China’s investment and financing have four main characteristics:  

(1) The major investors in the industry changed.  The government finance department relinquished its dominance in favor of the banking sector, and businesses gradually became the largest investors in the industry. 
(2) The variety of investment options increased.  A combination of State budget funds, bank loans, foreign capital, self-raised funds, and other financing methods replaced traditional government allocations.
(3) The approaches for raising investment funds diversified; in addition to bank assets, government bonds, corporate bonds, and stocks emerged. 
(4) China has decided to open Dalian, Tianjin, Shanghai, and 14 other coastal cities to foreign investment, in order to foster development by bringing in capital from the international community.  In 1984 the government orchestrated the creation of a special economic zone for technology, in which restrictions on joint ventures were eased, making it easier to gain approval for projects that used foreign capital.
The following table illustrates the main features of the new investment systems.  State budget funds gradually decreased as a proportion of fixed asset investments, while the levels of domestic credit, foreign capital, self-raised financing, and other investments all increased. Fig. 1 illustrates the relative variations in financing.

Table 1. Percentages of financing from major sources during China’s period of economic transformation  
	Year
	State budget funds 
	Domestic loans
	Foreign capital
	Self-raised financing and other investments

	1981
	28.1
	12.7
	3.8
	55.4

	1982
	22.7
	14.3
	4.9
	58.1

	1983
	23.8
	12.3
	4.7
	59.2

	1984
	23.0
	14.1
	3.9
	59.0

	1985
	16
	20.1
	3.6
	60.3

	1986
	14.6
	21.1
	4.4
	59.9

	1987
	13.1
	23.0
	4.8
	59.1

	1988
	9.3
	21.0
	5.9
	63.8

	1989
	8.3
	17.3
	6.6
	67.8

	1990
	8.7
	19.6
	6.3
	65.4

	1991
	6.8
	23.5
	5.7
	64.0

	1992
	4.3
	27.4
	5.8
	62.5

	1993
	3.7
	23.5
	7.3
	65.5

	1994
	3.0
	22.4
	9.9
	64.7

	1995
	3.0
	20.5
	11.2
	65.3

	1996
	2.7
	19.6
	11.8
	66.0

	1997
	2.8
	18.9
	10.3
	67.7


Fig. 1 Percentages of financing from major sources:
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Note: Budget is the abbreviation of State budget funds; DL is the abbreviation of domestic loans; FC is the abbreviation of foreign capital; SRF is the abbreviation of self-raised funds and other investments.
As a result of reforms to China’s investment systems, investment patterns within the country’s power industry have changed radically.  The power industry took the lead in using bank loans to enlarge the scale of construction and the sources of investment. 

In 1983, the government used bank loans to finance the construction of the Lubuge power station in Yunnan Province.  Subsequently, the Longkou power station in Shandong Province was constructed as a joint venture between the central and local governments.  These projects illustrate two of the multiple resources employed for financing new power plants.  At this point, reforms to the investment system for the power industry picked up speed.  The State Council published new policies, which called for the diversification of investment in power plants and the setting of new prices for new electricity generation.  These policies garnered public support for diversifying investments in power plants.  At the same time, the government effectively resolved the problem of capital shortages that was hindering the development of electric power capacity.  A RMB 0.02 charge per kWh was added to the price of electricity, which provided central and local governments with funds to construct power plants.  Creation of new generating capacity soon reached unprecedented speeds.

After 1988, the policy of setting new prices for electricity from new power plants was implemented.  Power plant construction enjoyed ample funding and proceeded rapidly due to the wide variety of investors, the increasing number of decision makers, and investment vehicles.  During this period of increasing generating capacity, the strain on China’s electricity supply gradually lessened.  The supply was eventually adequate enough to allow some regions to revoke electricity use restrictions, and the electricity market shifted to become one driven by purchasers rather than producers. 

Unfortunately, despite many successes during the period of transformation, reforms remained exploratory.  Further investment lacked direction, and no policy existed for repayment of credit extended by banks or investors.  As a result, the investment structure was unreliable, and funding for the construction of the transmission grid remained scarce.

The government also experimented with policies for the construction of hydropower projects, implementing pilots on the Qingjiang and Wujiang Rivers.  These policies regulated the development of river basins, the construction of hydropower stations along the run of the river, and the building of new hydro stations using profits from operating power plants.  However, the projects were inefficient and returns on initial investments were low.  Moreover, there was little enthusiasm for projects in western China, where the low demand for electricity required the construction of long transmission lines back to the east.  In addition, the diversification of investments in power plants only provided capital for the installation of power generation, not for improving the transmission grid.  Later policies attempted to rectify this by allocating a portion of the investment for power generation projects to transmission projects.  However, the development and upgrades of the grid continued to lag behind generation projects because the responsibility for grid investment remained unclear. 

1.1.3 The implementation of market economy principles saw the development of various investment resources, the diversification of property rights, and the establishment of the State Power Corporation.

After 1997, the government set about transforming economic institutions and creating a socialist market economy.  According to the requirements of market economic principles, businesses were to become autonomous legal-financial entities.  They were to develop and do business independently, to assume sole responsibility for their profits or losses, and to become the principle investors in the new markets.  With commercial enterprises as the main investing bodies in most economic fields, the government’s role in investment decreased.  The State’s revised goals revolved around oversight and investment in non-business activities, such as social and public services, and large-scale infrastructure investment in undeveloped regions.  The government divided up the investment system in accordance with the ideals of reform, creating a system wherein energy companies (1) operated in accordance with laws, (2) had clearly defined responsibilities delegated to them, and (3) were responsible for their own capital investment programs and decision making.  Eventually, those who invested made decisions, and those responsible reaped benefits.  By establishing constrained incentives, financial funding channels were widened and became increasingly determined by the open market.

The reforms that separate government functions in the power industry’s investment system from the management of businesses have created major changes in the power sector.  The government disbanded the Ministry of Electric Power and established the State Power Corporation.  At the end of 1999, the State Power Corporation held assets valued at RMB 1 trillion.  Fixed assets accounted for two thirds and liquid assets for one third of this total.  The total installed capacity at the end of 1999 was 145 x 106 kW, including 32.5 x 106 kW of hydropower, 112.5 x 106 kW of combustion power, and 88.5 MW of wind power.  The State Power Corporation, one of China’s largest enterprises, employing a staff of 1.48 million, is one of the 500 strongest corporations in the world.

The government also established provincial power corporations that are still vertically operated.  At the same time, the government started to encourage construction of grid networks by expanding channels for financing, following the basic model provided by the development of investment systems for the power generation industry.  In order to promote its further development, the government is considering additional reforms for the power industry’s investment system.

1.2 Investment in China following the ‘reform and opening up’ period and an analysis of fixed assets in the energy industry.
1.2.1 An introduction to China’s electric power industry following the ‘reform and opening up’ period.

The electric power industry has developed rapidly since the reform and opening up period.  Installed power generation capacity (kW) and electrical energy output (kWh) increased at average annual rates of 8.3 and 8.1 percent respectively for the 22 years from 1977 to 1999.  As a result, China now ranks as the second largest electricity producer in the world.  The increase in the generation capacity over the past decades has mitigated China’s electricity shortage, despite huge increases in demand.


By the end of 1999, China’s total installed capacity was 299 x 106 kW, with an annual production of electricity totaling 1233 x 109 kWh.  The country currently boasts seven regional grid networks (northeast China, north China, east China, central China, northwest China, south China, and Sichuan-Chongqing), plus independent provincial grids in Shandong, Fujian, Xinjiang, Hainan, and Tibet.  These grids all operate at 500 kV, except for the northwest regional grid, which uses 330 kV.  The main transmission for inter-regional power lines between the east and central regional grids is 500 kV DC.  The Guangdong Provincial grid transmits electricity to Hong Kong and Macao with 400 kV DC and 110 kV DC lines, respectively (Note: national statistical data in this paper does not include Hong Kong and Macao).  Finally, the southern interconnected grid will transmit electricity with 500 kV DC. 

1.2.2 Investment in China’s power industry following the ‘reform and opening up’ period.
Before the reform and opening period, with the exception of relatively few independently-owned power plants, central and local governments managed China’s State-owned power plants.  Power industry development did not reflect the nation’s growing demands for electricity.  After the reform and opening period, China’s rapid economic growth, especially in eastern coastal regions, increased the gap between a growing demand for electricity and a limited supply.  The shortfall in the supply was estimated at about 10-20 percent of demand, and most areas were forced to adopt some form of controls on electricity consumption.  From 1981-1984, investment in infrastructure for electricity generation and transportation gradually changed from direct government funding to commercial loans.  In 1985, the State began implementing the policy of seeking outside funds for power plant development.  This was necessitated by the increasing difficulty of meeting the huge investment capital demands.  At the same time, power shortages remained common across the country.  The new policies increased the available investment resources.  Greater investment promoted the construction of power plants in a variety of regions.


Table 2 illustrates China’s investments in the energy and power industries after the reform and opening up period.  The percentage of the funds invested in national infrastructure allocated to the energy industry gradually decreased (from 32.8 percent in 1990 to 21 percent in 1999), but from 1990 to 1998, electric power continued to constitute about 50 percent of the energy industry investments.  From 1981 to 1985, installed generating capacity increased at an average annual rate of only 5.7 percent.  However, from 1986 to 1990 it increased annually by 9.6 percent, from 1991 to 1995 by 9.5 percent, and from 1996 to 1999 by 8.3 percent.  In 1997, as a result of the long-term high growth rate of capacity installation, the shortages in the electricity supply were finally eliminated.  Growth in the generation capacity mirrored the growing economy and paved the way for further developments in the power industry.

Table 2  Total investment in the energy and power industries in China
	
	1980
	1990
	1995
	1996
	1997
	1998
	1999

	Total fixed asset investment (billion (106) RMB)
	
	 452
	2,000
	2,300
	2,490
	2,840
	2,990

	National infrastructure investment (billion RMB)
	
	 170 
	 740
	 861
	 992
	1,190
	1,260

	Energy Infrastructure
	Amount

(billion RMB)


	
	  55.8
	 165.0
	 198.0
	 256.9
	 279.0
	 266.0

	
	Percent of national total
	
	  32.8
	  22.3
	  3.0
	  25.9
	  23.4
	  21.0

	Coal infrastructure (billion RMB)
	
	   9.9
	  18.9
	  21.6
	  26.6
	  16.7
	  11.3

	Petroleum infrastructure (billion RMB)
	
	  10.0
	  30.0
	  34.4
	  44.6
	  46.5
	  40.4

	Electric power 

infrastructure
	Amount (billion RMB)
	   4.1
	  27.0
	  83.3
	  97.4
	 134.0
	 142.0
	 115.0

	
	Percent of total energy
	  
	  48.0
	  50.0
	  49.2
	   
	  51.0
	  43.0


	
	
	1980
	1990
	1995
	1996
	1997
	1998
	1999

	
	Generation
	Amount (billion RMB)
	   2.9
	  22.2
	  63.6
	  72.4
	  97.8
	  99.8
	  78.8

	
	
	Percent of total capital investment
	  69.0
	  82.2
	  76.0
	  74.0
	  73.0
	  70.0
	  68.0

	
	Transmission and distribution
	Amount (billion RMB)
	   0.9
	   4.1
	  16.6
	  21.2
	  30.7
	  35.0
	  30.1

	
	
	Percent of total capital investment
	  21.4
	  15.3
	  20.0
	  21.7
	  23.0
	  24.6
	  26.0

	
	Other (billion RMB)
	   0.4
	   0.7
	   3.2
	  3.9
	   5.4
	   7.5
	   6.5

	Fixed assets investments in electrical power (billion RMB)
	
	  37.2
	 104.0
	 129.0
	 155.0
	 172.0
	176.0

	Updated investments
	Amount (billion RMB) 
	
	  10.2
	  18.2
	  21.9
	  21.1
	  29.6
	

	
	Percent of total fixed assets
	
	  27.5
	  17.4
	  16.9
	  13.6
	  17.2
	


1.2.3 Analysis of investments in the power industry following the ‘reform and opening up’ period.
(a) From 1980 to 1999, the electric power industry developed quickly.  Investment in infrastructure increased at an annual rate of 19 percent.  Throughout this period, the electric power industry received about half of the total infrastructure investment in the energy sector.

(b) Although the power industry focused on the installation of generating capacity, investment in generation fell from 82.8 percent of total power industry investment in 1990 to 68 percent in 1999.  The transmission and distribution grids accounted for only 15.3 percent of power industry investment in 1990, rising to 26 percent in 1999.  Although it rose, this proportion remained insufficient for grid developments to keep up with the surging generating capacity. 

(c)  Upgrading the fixed assets of the power industry accounted for 27.5 percent of investments in 1990, but only 17.2 percent in 1999.  This low proportion of investment devoted to upgrades appears inadequate.  Since reform and opening, the power industry has invested in electricity generation at the expense of transmission grids, modernizing equipment, and energy saving technologies.

1.2.4 An analysis of the investment efficiency of the electric power industry in China
Economic appraisals for projects generally occur at the macro level.  Analysts compare construction costs to their national contribution, so as to gauge the impact of the investment in the electricity sector on the economy as a whole.  Financial appraisals of individual projects at the business level (microeconomic appraisals) evaluate profitability of the project for the investors.  Economic appraisals evaluate both the direct and indirect profits and costs of a project. 

An analysis of the investment efficiency of the electric power industry in China can take place at both the macro and micro levels.  A macro-appraisal, analyzes the power industry’s ratio of input to output on a national scale.  A micro- appraisal analyzes the ratio of capital investment to profit within individual enterprises.

(a) A macro-appraisal of the investment efficiency of the power industry analyzes investments and benefits to both the power sector and all other related sectors of the economy, such as transportation, manufacturing, and agriculture.

The gross production by any sector is a function of how that sector’s production impacts each of the other sectors, as well as the total consumption of that sector (including actual consumption, additions to fixed capital, balance between imports and exports, and changes in inventory).  This relationship can be manipulated mathematically to then determine each sector’s gross production if one knows each sector’s total consumption and the factors that apportion that consumption back to the gross production of the other sectors.  The difficulty arises in determining each of those apportioning factors.  The sum of all the influencing factors on any particular sector can be called the “pull coefficient” of that sector.  This represents how the gross production of a sector is affected by the consumption of all the other sectors (and vice-versa).  Similarly the changes in consumptions affect the change in production.  If we assume that the actual consumption, inventory, and balance between imports and exports are constant in a sector, then the investment increment of the power sector is the final change in consumption caused by the power sector.  Therefore, the “pull coefficient” approximately equals the investment-production (benefit) coefficient of that sector.

We estimated the pull coefficient of final consumption (unit investment-benefit coefficient) in the power industry based on national input-output figures for 1987, 1992, and 1999.  To a first approximation, this coefficient indicates the rise in gross production (all sectors) by calculating the returns from each RMB of investment in the power industry.
Table 3  Investment-benefit coefficients of China’s power industry 
	
	1987 
	1992
	1997

	Unit investment profit coefficient
	2.1
	2.3
	2.45


(b) For micro-economic analyses, the capital-profit ratio or capital-tax ratio can indicate the investment efficiency of the power industry.  This method compares a firm’s growth (in size or profits) with the amount of investment (including total construction costs and interest obligations).  Table 4 shows the capital-profit ratio and capital-tax ratio of China’s power industry.

Table 4.  The percentage of capital-profit and capital-tax in the 

Chinese power industry

	
	1976-80
	1981-85
	1986-90
	1993
	1995
	1996
	1997
	1998

	Capital-profit  (percentage)
	12.4
	 9.1
	 4.3
	5.15
	6.22
	6.71
	5.78
	5.69

	Capital-tax 

(percentage)
	17.8
	14.9
	11.5
	
	
	
	
	


Note: (1) 1976-80, 1981-85, and 1986-90 are 5-year averages.  (2) The figures are for power plants owned by ministries or provinces.
This analysis of China’s power industry concludes:  

(a) At the macro level, investments in the power industry only provide a moderate return in terms of the contribution to the gross national product (GNP), especially when compared to other industries.  The machine for example, accounts for about 3 percent of GNP.  However, the power industry’s contribution has increased over time, from 2.1 in 1987 to 2.45 in 1997.  This means that a one RMB investment in the power industry, which used to provide RMB 2.1 of GNP, now provides RMB 2.45.  These figures demonstrate in part why the power industry is increasingly important to the national economy and to national economic development.   

(b) At the micro level, the capital-profit ratio for the power industry was over 6 percent in most of the years from 1976 to 1998, and the capital-tax ratio was over 10 percent.  The electric power industry contributes significantly to government revenue through taxes, but does less well in terms of providing returns on investment.  

Reforms to the power sector aim to increase profits and tailor investment mechanisms to promote economic development.  Therefore, China must both understand the current situation and analyze the history of profits secured from investments in the power industry.

1.3  An analysis of investment and financing in the power industry, and a discussion of issues of current importance in this area.
1.3.1 Decentralizing decision-making with regard to investment created structural conflicts, such as a lack of investment in hydropower development and an emphasis on power generation before transmission grid investment.
Since the reform and opening up period, local governments, state-owned corporations, and collective enterprises (involving several enterprises or individuals) have all gradually joined the central government as major independent investing bodies, and private and foreign investments have also increased.  These investors differ in levels of funds available and economic specialties leading to a complex new trend in plant ownership and operation.  Investing bodies not only became involved in power plant investment, but also in decision making.  Investment mechanisms and patterns shifted from those of a planned economy to those of a free-market economy, in which investors share the risks and profits.  However, investors have different underlying structures (hence goals) and policies do not yet exist that adequately limit their actions. 

In addition, there is a lack of effective oversight and control mechanisms for the major governmental investing bodies, especially in local governments.  They are often unrestrained by practical considerations and invest in unrealistic projects for two reasons.  First, local governments have a strong incentive to promote local economic development so as to expand the scale of investment in their area.  Second, because local governments no longer bear responsible for the profits and losses of the investors, they are not constrained by the financial health and profitability concerns of private firms.  Consequently, they often urge investment in projects that have little chance of succeeding.  This ‘investment blindness’ of local and State-owned enterprises ultimately causes long-term investment inefficiency, structural imbalances, and poor returns. 
After the reform and opening up period, there were significant reforms to the processes involved in constructing power generation facilities.  These reforms gradually led to the construction of power plants funded by joint ventures, foreign capital, and public investment funds.  Government policy requires firms to raise and pay-off investments without State support.  However, excessive investor enthusiasm and the inflated scope of investment created new problems.  For example, from 1997 to 1998, new generating capacity far exceeded demand in some regions.  Hence these investments created little incremental benefit.

The grid network is used for transmission and distribution, and is a natural monopoly.  Only utilities invest in the grid.  Construction of China’s transmission grid has long been given a low priority.  For example, in 1998, investment in power generation accounted for 70.2 percent of total power sector investment, while investment in the grid accounted for only 24.6 percent.  Investment in the grid has been far more limited than that in generation, largely because there is only one major investing body for the grid. 

1.3.2 Different sources of capital for investment in power generation and grid development resulted in confusion over fixed assets.

(1) China is currently reforming its power industry.  Prior to 1978, the assets of the power industry throughout China, including equipment for the generation, transmission, and distribution of electricity, all belonged to the State and were managed by the former Ministry of Electricity.  The only exceptions were self-generation (e.g., production by a business for its own use), small local hydropower stations, and small local grids.  In 1985, the government introduced the policy of Diversified investment in power plants, and State management for the transmission grid.  The State Power Corporation started to manage generation, transmission, and distribution equipment.  This covered all areas except for equipment in Guangdong, Hong Kong, Macao, Hainan, Tibet, and Inner Mongolia.  The branches, or sub-corporations, of the State Power Corporation now own about half of China’s capacity for electricity generation and are the main investment and management organizations.  They supervise grid networks under unified operation and construction, in order to ensure security, stability, low prices, and high-quality.

The government has completed the separation of government and business management functions, and is currently testing a new policy of Separating power plants from the grid and encouraging competitive transmission through the grid.  Business enterprises will gradually become the primary investors in power generation (where currently a combination of government departments run the system using private and foreign capital).  However, the primary investor in the grid network will remain the State Grid Corporation.  These different investing patterns can result in a confusing relationship between the fixed assets of the power generation industry and the grid network. 

(2) Past and current sources of capital available for power generation and grid facilities.  Before 1978, the majority of the assets of the power industry throughout China, and there was therefore no need for the partition of the fixed assets of the power industry between generation and transmission.  After the reform and opening period, and especially after the implementation of the policy to diversify investment in power plants, with continued State management of the grid, the government shared responsibilities and needed to coordinate with a wider variety of organizations.  At the same time, the new economic policy of letting those who take the risk by investing reap the profits caused a fundamental change in the investment and financing of the industry.  

These changes in the investment structure eventually resulted in an increased number of investing entities, with business enterprises emerging as the most important investors.  In a market economy, these businesses make up one of a variety of diverse economic components, and are not part of a monolithic State-owned or collective economy.  For example, a number of entities can invest in the construction of generating facilities, including the State Power Corporation (SP), SP branches or sub-corporations, local enterprises, local governments, the central government, or foreign corporations.  These investment bodies can be wholly, partly, or not at all State funded.  The partition of any fixed assets for electricity generation is based on the principle of ‘whoever invests reaps the profits.’

The sources of capital for transmission and distribution grids are even more complicated.  Because of the power industry’s long history of emphasizing power generation, over grid construction, the grid infrastructure lags behind power generation.  The weak grid affects grid security and the quality of electricity.  Some funds were added within various power generation projects for the purpose of upgrading the grid.  This helped improve the integrity of the grid, but further confused the issue of which assets belonged with the power generation organization versus the grid operator.  The assets were created by investment in the grid and administered by the grid operator according to the Electric Power Act.  Particularly in construction projects developing electricity-generating capacity, the added capital for grid construction was provided by several sectors, which made the partition of fixed assets even more difficult.

1.3.3  Failure to establish clear divisions of assets in central and local government joint-venture power projects.

After the implementation of the policies of diversifying investment in power plants, and setting new prices for electricity from new plants, power projects have been divided according to their nature.  That is, whether they are sole investments or holdings of SP or whether local or independent power companies took the lead.  In SP holding and SP participating power projects, stockholders are mostly local governments or local corporations, which causes problems with the ownership and management of fixed assets.  As a modern business system is gradually set up and perfected, stockholding corporations will begin to function according to the National Contract Law, with clear property rights, unambiguous rights and obligations, scientific management procedures, and separate government and business functions.  China must work to achieve these goals by first establishing a systematic process to partition assets resulting from joint-venture power projects.
1.3.4  The shortage of investment and financing necessitates policies to stimulate renewable energy development.


In order to improve the structure of the energy industry and encourage development of renewable energy, the central and local governments have issued a series of policies to promote investment and financing.  They have also modified certain incentives and regulations to facilitate renewable energy development.  Unfortunately, overall these measures have been insufficient.

(1) Central and local government subsidy policies provide investment subsidies, funding for R&D projects, and capital for poverty elimination projects, which includes small scale wind and solar power development.  These subsidies are generally small and are mainly used for training, research and development, and pilot projects.  They help in supplying electricity to poverty stricken and remote areas, but not in developing large-scale renewable energy production.

(2) One policy allows for the reduction of import tariffs for wind power equipment and photovoltaic (PV) cells.  Small-scale hydropower stations collect a value-added tax of 6 percent from their customers, but the large-scale hydropower and wind power stations that provide greater economic and social benefits do not enjoy this revenue.  The revenue policy therefore requires urgent revisions. 

To support the wind and hydropower sectors, with their high capital requirements and resulting high investment and financing costs, the government must radically lower interest rates on loans, or allow repayment to be postponed.  The enterprises should also be allowed to use pre-tax profits for loan repayment.

(3) Price setting policies: The central government issued a policy, based on “new prices for newly generated electricity,” which set the price of electricity at a level that covers repayment of capital costs plus profit, and required utilities to purchase electricity generated from wind farms.  However, the impact of this policy was limited in the absence of other related measures.  In 2000, the State terminated the fund for power industry construction, which caused serious problems.  The power industry no longer had the ability to raise capital through its traditional means.

(4) The low-interest loan policy: Currently, the State provides partial low-interest loans for wind power development in order to reduce the total capital costs.  Similarly, special capital funds for rural energy development provide loans with discounted interest rates, up to a limited total, for development of small-scale wind power and solar PV power projects. 

The above policies play a demonstrable but limited role, and are not on their own sufficient in encouraging the development of renewable energy resources.

1.3.5  The transmission grid has too few sources of investment and financing. 

The investment and financing system for China’s transmission and distribution grids is plagued by chronic problems and shortages of resources.

(1) Before the economic reforms of 1978, the government emphasized power generation, paid little attention to the transmission and distribution, and ignored the management of electricity utilization and energy efficiency.  During this period, State-appropriated funds were the major source of investment in the power industry, and severe shortages in the electricity supply dictated that this investment be used mostly for power generation projects.  The minimal investment in transmission and transmission projects resulted in a distribution bottleneck. 

The investment sources for transmission and distribution projects were as follows: (a) State investment accounted for only about 20 percent of total investment for projects—this was clearly insufficient.  (b) Utilities frequently increased a fee for new consumers and those wanting more power than their quota.  This fee subsidized new step-down transformers, related equipment, and transmission lines.  (c) Large customers with increasing needs for electricity invested in special transmission and distribution projects themselves or jointly invested with others.  Generally, the customers who built them managed these new sub-stations and distribution networks, however the transmission operators controlled the connection rights and access to the utilities’ substations and property.

Investment shortages in the transmission and distribution grids resulted in the following operational problems: overloaded transmission and sub-station facilities, an increased rate of lost connections, lower voltage quality, and a severe shortage of reactive equipment (such as face adjustment and capacitors).

(2) After widening the sources of financing for power plant development, there was a slight increase in sources of investment for transmission grids but the grids still lacked standardization.  No policies or standards were issued concerning the construction of grid networks.  The main sources of investment for grids were as follows: (a) The electric power sector organized projects dealing with transmission and distribution, but these were a small proportion of the total projects.  (b) 15-20 percent of total investment in electricity generation was used for power line projects.  Government regulations transferred ownership of the power grids from investors to the utilities.  This move rendered much investor dissatisfaction.  (c) Transformer sub-station subsidies funded some vital grid network projects.  (d) Industry investment funded a few minor technical innovations in grid projects.  (e) Local governments provided funds for some work on local grid construction.

1.3.6  Shortage of sources for investment in energy conservation

In China, businesses must provide investment funds for energy conservation themselves.  However, most State-owned corporations do not have enough capital or government assistance to do so.  Average annual investment in energy conservation amounts to 0.7-1.0 percent of total infrastructure investment.  State investment in energy conservation mostly goes to small-scale thermoelectric projects and boiler updates, and the projects all require authorization from higher officials.  A number of power plants utilize some technical upgrading funds to reduce the internal power consumption of the plants and to reduce transmission losses.  Several enterprises have experimented with demand-side management (DSM) for user-service projects, but DSM is not yet promoted nationally.

Urban and rural reconstruction work on the grid network, which is being carried out across the country, can lead to large-scale energy savings.  However, the energy conservation benefits of these projects only cover 20 percent of the investment costs.  Therefore, the main aim of reconstruction is not only to conserve energy, but also to enhance the reliability and security of the electricity supply, to improve the quality of electricity, and to extend the range of feasible transmission.

Prior to 1996, the State provided a few low-interest loans for energy conservation projects.  Subsequently, however, the government loans for energy conservation are no longer competitive with leading commercial banks, so energy conservation loans are no longer attractive to the borrower.  Without an attractive product, the Energy Conservation Investment Corporation stopped providing energy conservation loans. 

2  Framework for reforms to the investment and financing systems of the power industry

2.1  Objectives of reforms to the investment and financing system

2.1.1  Businesses should become the main investing bodies

After reform, in addition to the central government, local governments, and State- and publicly-owned businesses have gradually become independent investors in the power sector.  Private and foreign investment has also increased significantly.  These different types of investors are breaking traditional ownership boundaries.

In the early stages of this economic transformation, the investment decision-making power of local governments was greatly strengthened.  As part of the progress of reforms, businesses began to play a more important role in social investment and therefore became the leading investors in many sectors. 

In a market economy the business enterprise is the main legal entity operating in the market.  Regardless of its ownership and legal status, all business enterprises should be able to independently manage their affairs, facilitate their own development, raise funds, and make investment decisions.

Business enterprises should be investors in most economic sectors including the power industry, while the central government should focus their investment on non-profit programs that need to be administrated by the central government, such as investment in large-scale infrastructure projects.  Local governments can improve public services, infrastructure, and local cultural, educational, scientific, and health facilities by investing in construction in underdeveloped regions.
2.1.2  Constrained incentives for regulating the investment behavior of the power industry.

For State-owned enterprises, regulations control local and national enterprises so that they avoid ill-advised projects, unscrupulous expansions, structural imbalances, and unprofitable projects.  Controls include determining a legally responsible person, clarifying the responsibilities of participating parties, establishing a responsible financial system with decision-making authority, and ensuring that investors can participate in decision-making, reaping the benefits, and accepting responsibilities.  Market constraints must also exert their role on enterprises and executive personnel.

Incentives motivate executive personnel by rewarding them according to their work performance, consideration of which takes into account a wide range of factors including corporations’ profit status, market position, and return rate on investments.  Given the tendency for low returns on investments in the power industry, many businesses might be reluctant to invest, so the various incentives and national polices must be sufficient to encourage their investment.

In general, incentives and controls supplement each other.  Any incentive must exist in conjunction with a corresponding control, not only to encourage enthusiasm in businesses and personnel, but also to ensure competition within the market, which is important to standardizing investment behavior.

2.1.3  The capital market should become the primary means of financing the power industry.

The national economy (public funds), banks, business credits, bonds, and foreign capital all offer potential financing channels, but these channels don’t necessarily develop evenly.  In different times and under different economic and financing systems, there are primary and secondary financing channels.  For example, under the traditional planned economy and financing system in China, public funds provided the most important financing channel.  During the period of economic transformation, the percentage of public financing was gradually reduced and replaced by commercial bank financing.  Over this period, banks provided the primary financing, but other channels, especially foreign financing, also played important and active roles.  Bank financing is considered indirect financing, while direct financing consists mainly of capital market or security market financing.  This suggests that increasing amounts of direct financing will be one of the trends of future development in China’s power industry.

When the market economy has fully developed, the collective behavior of market players will determine the behavior of the market.  Business capital will come mainly from internal accumulated funds and the financial markets.  Internal accumulated funds come from retained earnings and depreciation; external financing from launching commercial bonds and stocks that raise long-term capital from the financial markets.

The use of the capital market as a financing channel has progressed in China’s power industry, as demonstrated by the launching of construction bonds and participation in the stock market.  The State Power Corporation has also become actively involved in financial reform in China and is a share holder (and even a majority share holder) of financial organizations such as corporations, commercial banks, security firms, trust investment corporations, and leasing companies.

By the end of 1999, the State Power Corporation’s investments in various kinds of financial organizations amounted to about RMB 4,300 million.  The emergence and development of power financing organizations demonstrates the need for the State Power Corporation to strengthen fund management and financial checks, and improve the efficiency of capital utilization. 

2.1.4 Regulate investment

The establishment and effective operation of a system for regulating investment facilitates successful institutional reform of investment and financing within the power industry.  Establishing investment incentives and strengthening the corresponding regulations provide the best protection from market failure, otherwise common in the investment field.  Investment scale and structure depend on whether gross supply can keep balance with gross demand within society.  The government must therefore act as the main regulatory body, to use macroeconomic policy and economic levers as the primary measures for control, and to create a regulatory system characterized by indirect investment. 

In a market economy, macro regulation of investment is usually achieved by the use of economic, administrative, and legal measures.  Economic measures that regulate investment through the use of economic levers such as prices, tax, credit, profit, interest, and exchange rates are particularly important.

2.1.5  Changes in the economic and legal relationships in power investment

A market economy is based on a sound legal system.  The purpose of legislation regarding investment in the power industry is to clarify the economic and legal relationships within the investment and construction fields.  The macro and micro economic activities must conform to basic rules, norms, and procedures.  That is to say, all regulations for all types of investors must be based on legislation.

In the institutional reform of power investment, commercial enterprises should become the chief investors, with incentives and controls orchestrating their behavior.  These economic levers provide the prime means of regulation.  The capital market and the industry’s internal funding should provide the main investment and financing channels, with sound legislation ensuring orderly investment.
2.2  Reform framework
2.2.1  Institutional reform of power investment and financing

(1) The introduction of both regulations and competition as part of the reform of power investment and financing. 

The transmission and distribution grids are natural monopolies, without direct competition.  Therefore the government needs to regulate these natural monopolies in a way to improve economic efficiency.  This can include price setting rules, oversight of operations, and long-term planning.  The aim is to guarantee high efficiency, fair resource distribution, and a steady growth of the economy.  During the transition period, a combination of incentives and regulations can help all aspects of the power industry to meet these goals, while allowing fair and reasonable profits to investors and developers.

Currently the SP and its branches own and/or control more than half of the generating capacity and continue to control the transmission operation.  With that control, the SP can no longer serve as a neutral regulatory agency.  Therefore a new independent regulatory and oversight body must be formed with legal backing and authority to govern the operation of the power sector and investment policies.  In the field of investment, the government must create policies and laws not only to prevent overly large investments and an unbalanced investment structure, but also to guarantee orderly management of investment.  For example, regulations should establish investment rules, requirements, and investor rights.

In order to guarantee fair and reasonable profits for investors, the government should introduce fair competition wherever feasible in the power industry.  Although fair competition will not guarantee reasonable returns to all investors (that is some investors may lose money), policies should provide reasonable returns to the industry as a whole over the long term.  Power plants and generating groups should sell power to grid operators at competitive prices, while transmission and distribution grids function as controlled monopolies.  Operators of the transmission grid should purchase power and provide it to distribution utilities and users.  Power generators should base project decisions on market rules, instead of the internal assignments that are currently used.  Given the low risk nature for the conventional power market and generally good credit ratings of the power companies, banks should offer loans at preferential interest rates.  

After the monopoly sectors are separated from the competitive sectors, the government role is to oversee the fair competition in the power generation market and regulate the monopolized transmission and distribution utilities.  Gradually, the government will introduce competition into the distribution and retail markets. 
The government needs to provide allowances and incentives to promote the development of renewable energy, government allowances, and incentives.  These benefits should be made available on a competitive basis and awarded to bidders with the most worthy projects, based on their potential impact on the power sector.

(2) Commercial enterprises should be the main investors. 

Within the power industry, the government should separate from businesses in four ways: (a) Government social welfare and regulatory authorities should be separated from the government’s investment role, (b) Government investment separated from private and commercial investment, and (c) Government investment in public services separated from profit making businesses. 

As the current situation within the Chinese power industry demonstrates, businesses have not taken full responsibility for their investments, that is the government, and not the firms, bear most of the risk of failure.  Investors should take full responsibility for their investments in the following ways: 

(a) Responsibility and full authority for independent decision-making regarding any investment.  Businesses have the right to raise funds and acquire materials independently; use their production development funds, depreciation funds, and other funds independently; and claim earned investment profits independently.  But in reality, businesses in the power industries have not taken full advantage of these rights.  The central and local governments still make decisions that account for about 70 percent of the investment in the power industry, and businesses only have control over their own money and a few minor decisions related to technical innovations.

(b) The right to independent financing and monetary decision-making.  For successful operation and management, businesses must have corresponding investment authority and internal and autonomous financing rights.  However, the government currently insists that investment rights depend on the businesses’ investment capabilities.  That means that enterprises can only use their internal funds and fundraising to make profits.  Under present conditions, these businesses do not have the right to seek financing independently and are not able to raise money in the capital market using the methods of their choice.  Therefore, businesses need an expansion of their authority to seek independent financing.

(c) Independent authority for capital construction and accepting market risks.  Currently, local and central governments possess investment rights, including the right to own investment funds, to make investment decisions, and to manage construction projects.  In management terms, businesses are still subordinate to local and central governments, and although this is changing slowly the changes are far from complete.

Since investment decision-makers can not predict the future, a certain degree of risk is inevitable in all investment activities.  At present, commercial enterprises have little experience in risk management.  In order to help establish enterprises as investors, the power industry should endeavor to improve the rights of investing enterprises, allowing independent decision-making, financing, money management, power plant construction, and risk-taking, all of which are key to the institutional reform of investment and financing systems for the power industry.

Other activities recommended to complete reforms include the following:

(a) Establish an investment and financing system for the power industry, which favors investors, and policies that benefit the environment and society.  

As a public service sector, the goals of the power industry should encompass social goals.  For example, different customer classes might pay different prices for electricity, and the differences may not necessarily be based on different costs to serve those customers.  Instead, prices may be partly based on government policies designed to encourage certain activities (agriculture, use of cogeneration, etc.) and discourage others.  Because the power industry supports sustainable development of the national economy, the industry should establish an investment and financing system that also favors social goals and environmental protection.  Benefits to promote such development should include State subsidized interest rates or a prolonged grace period for returns on investments in renewable energy projects, such as hydro and wind power, to promote their competitiveness in the market economy.  At the same time, the nation should support development in western areas, the transmission of western electricity to the east, and raise subsidies for renewable energy producers.

(b) Establish institutions for investment and financing of energy conservation projects.  Although there is an Energy Conservation Law in China, the majority of commercial enterprises have insufficient financial resources to fund energy conservation projects.  The termination in 1997 of the State’s low interest loan program for energy conservation projects weakened energy conservation work.  This program should be restored and strengthened.  Banks should establish special departments to support businesses working on energy conservation, but they should standardize the energy conservation loan system.
Energy conservation should begin with the establishment of an energy conservation service industry (made up of corporations that provides energy conservation services to other companies as well as to residential consumers).  The development of an energy conservation industry, and the incorporation of energy conservation services into the market should begin as soon as possible.
The reform of the energy conservation investment system should include promoting energy conservation with the public, establishing a system of energy service companies, providing incentives for businesses to invest in energy conservation, expanding financing channels for this area of work, accelerating the progress of existing energy conservation projects, and establishing and improving a capital market for energy conservation work.
(c) Separation of generating plants from the power transmission network and facilitation of research into how investment in the grid should be conducted.  At present, transmission companies are becoming major investors in the power grid.  Experts should study and recommend new ways to finance construction and upgrades for the transmission and distribution system, including selling equity in exchange for private and corporate financing. 
Institutions responsible for the operation of the transmission and distribution networks should gradually divest their interests in generation facilities and any property rights associated with those facilities.  They should sell the property rights through ‘asset transfer agreements’ and ‘equity and capital transfer agreements’.  These actions will help promote the development of independent power generating companies, the nurturing of different bodies to compete on the free market, and the gradual separation of power plants from the transmission networks.  Much of the capital gained from this reform could be used for development and improvement of the transmission and distribution networks.  The grid operators can purchase the transmission equipment owned by power plants, local government, or other enterprises under the terms of the ‘asset transfer agreements’ and ‘equity capital transfer agreements’ to complete the division of property rights. 
(d) Diversification of investments and attracting foreign capital.  Attracting and utilizing foreign investment involves expanding exports, obtaining foreign exchange, absorbing advanced technologies, and accelerating capital formation.  But electricity, the direct product of the power industry, cannot be exported.  So the electric power industry depends on its indirect products to attract foreign capital, expand exports, and obtain foreign exchange.  However, it may be unwise to solicit foreign investment to the point of dependence on external funding.

The Chinese power industry should encourage the investment in advanced power sector technologies.  The government should develop a fair and competitive policy for integrating foreign and domestic investments, and make the necessary changes in foreign investment procedures (such as the ratio of direct to indirect investment and relationship to foreign capital).  To keep an appropriate ratio between foreign direct investment and foreign indirect investment, it is important to utilize foreign capital effectively and rationally. 
(e) Making the capital market a major financing channel for the power industry.  
In order to support its development, the power industry should have an ability to both attract investment and utilize self-generated funds for capital developments.  Fixed asset investments could involve a certain portion of the business’ internal capital, including accumulated depreciation, capital in cash, capital accumulation funds, surplus accumulation funds, undistributed profit, and income from sales of assets.  Experience has suggested that, businesses should focus on both internal and external capital accumulation for sources of investment.

The external capital for businesses includes long- and intermediate-term loans, bonds, and financing from securities companies.  The foreign investments used by commercial enterprises include direct foreign investment, foreign loans, and international securities investments.  Businesses can adopt many financing methods according to State policies and regulations, and international conventions.  In China, the ratio of direct financing (such as capital from the trading of stock) to total investment is too low (20 percent in China as compared to 50-70 percent in developed countries).  Therefore, China should expand the scale of bond and stock issuances, accelerate stock market reforms in the power industry, and cultivate investors (such as investment bankers, and asset and investment fund managers).  The State should consider gradually reducing the limitations of bond issuances to corporations so that the capital market can become the main financing channel for the power industry. 
2.2.2 Reform of the electricity pricing and tax system will improve the investment structure in the power sector

(1) As part of the institutional reform for the investment and financing of electric power and reform of electricity pricing policies and institutions, there could be significant changes to the price of electricity from the grid.  First, the government should (a) establish guiding criteria for setting prices, or an upper price limit that takes into account social considerations, including environmental protection and energy conservation, (b) eliminate confusing policies such as “different prices for different power plants” and “different prices for different power units,” (c) adopt a competitive mechanism to choose projects and investors, (d) modify the current assessment rules for thermal power, nuclear power, and hydropower projects as well as transmission grid projects, (e) reduce the current allowed internal rate of return (which is currently 12 percent and too high during periods of deflation).  The method to establish the prices is based on the fixed rate of return rather than the evaluation method established by the State Development Planning Commission’.  The Commission uses a ‘trade-off method’, which is based on the principle of calculating prices by combining generating costs with the amount needed to repay loans and interest and make a reasonable profit.
The industry must establish a reasonable price for electricity from the grid.  Consumer electricity prices should cover generation, transmission, and distribution costs, and taxes and profits. These factors should take into consideration all aspects of electricity provision from power generation and transmission to distribution and sales.  In situations where power generation, transmission, and distribution remain a monopoly, the consumer’s electricity price cannot be separated into the generation, transmission, and distribution components.  Furthermore, the suppliers lack competition and constraints on their price setting.  When the government puts into effect the policy that stipulates the separation of the transmission and distribution networks from power generating plants, electricity pricing will be set according to actual costs and, it should be possible to separate consumer electricity prices into the three separate parts.  The price of electricity provided to the grid set by power plants will consist of a price per kWh for operation of the generators and an additional service cost (to ensure safe, steady operation of the power plant, and consistent quality in the electricity supply). 
But the reality of the current situation in China is that newly built power plants price their electricity with the aim of covering their generating costs and the repayment of loans (including interest), and then make a reasonable profit.  There are many projects being undertaken as part of current power plant construction work.  Because there are no constraints on capital expenditure, the grid electricity price is rather high for newly built plants.  Power plants sometimes demand a certain price from the transmission utilities, while the transmission utilities undertake to purchase the annual output of plants and guarantee minimum annual energy use (kWh).  So essentially the power networks underwrite the construction and operation risks of the power plants.  The price of electricity from power plants already in operation is rather low.  The price of electricity from power plants differs according to when they were built.  Dealing with consistent pricing from the power plants is one of the most serious challenges posed by the reform of investment and financing systems for the power industry. 
In order to establish fair and reasonable grid prices, the following must be considered.  First, the non-competitive aspect of prices from different power plants (to accommodate different phases of repaying construction costs of newly built plants, versus plants in operation, etc) should be based on a principle of taking each power plant’s situation into consideration.  The electricity transmission and distribution prices that cover loan repayments should be incorporated into the power transmission fee and considered part of loan repayments by the grid operating corporation.  Second, for a non-competitive quantity of electricity, the annual utilization hours of a power plant/unit should be determined by consideration of both the energy purchase commitment (annual utilization hours) by a grid network corporation and the actual annual average of energy usage (kWh) by the grid, according to the principle that power generation corporations and transmission utilities should share risks.  Third, with a competitive pricing of grid electricity, the price of electricity will gradually rise to reflect its actual production and transmission costs.  Fourth, set a reasonable price for electricity and combine this with reform of the electricity market. 
There should be a modification of the practice of setting grid prices by taking into account only the quantity of electricity available for purchase.  Transmission capacity should also be taken into consideration.  There should be some kind of compensation or incentive for companies to invest in reserve equipment for times of higher demand.  Preferences within the market pricing should be enacted to level high and low extremes in electricity prices, balance differences in wet and dry season electricity prices (especially for areas rich in hydropower), and pave the way for extending DSM (demand side management) and IRP (integrated resources planning) within the electricity system. 
(2) Institutional reform in the areas of financing and taxation.  The profit rate of the power industry and public utilities is below the rate of return equal to the social value of the goods produced.  In order to attract investors, the State should create some preferential taxation legislation.  The development of hydropower capacities and other renewable energy sources (particularly with regard to the development of China’s western provinces), environmental protection, and integrated uses (such as fishing or flood control) all have great social benefits.  However because of the high capital investment requirements in all of these fields, the current added value tax rate of 17 percent is unfair, and inconsistent with State industrial policies.  

Because of high capital investment requirements and protracted construction periods, the power industry should be allowed to repay loans before rather than after taxation.  If there are some difficulties in implementing comprehensive preferential policies for the power industry, appropriate preferential policies should initially be implemented for hydropower, the power industry in the western regions, and renewable energy development.  Electric power projects in the western regions and western development projects should receive as many preferences as possible. 
2.2.3  Taking advantage of foreign experience in designing reforms to investment and financing policies that would support the development of renewable energy.

China is rich in coal.  For a long time, the primary basis of the energy industry, and the power generation industry in particular has been the combustion of coal, which exerts great pressure on the environment.  This section will discuss how to support development of renewable energy resources to alleviate pressure on the environment, and how to make power generation and the economy consistent with sustainable development through reform of investment and financing policies. 
(1) Renewable portfolio standards (RPS).  RPS requires all electricity providers to buy a certain proportion of renewable energy.  If an electricity provider can’t meet its renewable energy quota, it can buy green certificates in a secondary market (a certificate proving usage of electric power from renewable energy sources--available from a provider that exceeds its quota.  The RPS policy should be mandatory and electric power corporations should be fined if they don’t meet the quota.  Currently, several countries, including Denmark, Italy, Holland, Japan, India, Portugal and ten states in the U.S., as well as the European Union, have adopted RPS policies. 


Although there is no policy similar to RPS in China, we think an RPS policy could gradually be implemented as an experimental project in the eastern areas of China where there is an energy shortage (such as East China and Guangdong Province) to increase the proportion of renewable energy being supplied in these areas.  New air pollution prevention criteria should also be created to support the development of renewable energy. 

(2) System benefits charge (SBC)—additional costs paid by consumers to support public interest programs or projects.  This measure is designed to encourage the development of renewable energy technologies.  The funds raised by this measure would also be used for financing energy conservation measures, energy efficiency, electricity subsidies for low-income families, and renewable energy research. 
Currently the input of the Chinese government into new and renewable energy is minimal at all levels.  Projects for new and renewable energy have not been included in the budget or future financial plans for China.  In the past they have not had fixed financing channels and at present both investment methods and financing channels are rather primitive.  So China should use SBCs to support the development of renewable and new energy resources and improve energy efficiencies. 
The capital raised by the electricity construction charge (an additional RMB 0.02 per kWh ) levied in the 1980s was used to speed the growth of the power industry, but it was eliminated after the end of 2000.  The SBC is similar to the electricity construction charge and is well suited to the current situation in China.  It charges the consumer without the need to levy a tax, and the funds raised are used exclusively to improve environmental quality and support energy conservation and renewable energy projects.  Furthermore, it often subsidizes successful bidders within the competitive bidding system.  The SBC policy is an effective measure for promoting renewable and new energy.
(3) Integrated resource planning (IRP) and demand side management (DSM).  IRP treats all supply and demand resources as an integrated whole.  Its methodology therefore involves treating end-use energy efficiency as a resource, and investing in it when efficiency is less costly than alternative supply investments.  Its aim is to promote more effective utilization of energy and resources, to control environmental quality, to cut down on disproportionately costly power investment, to decrease the operating costs of the power network, to encourage consumers to save energy, and to provide energy services at a minimum cost through demand side management. 
DSM is one of the main components of IRP.  It emphasizes improving end-use efficiency, leveling electric loads (reducing the peak demands), providing resources for energy conservation, and decreasing reliance on electricity.  End-use energy conservation can be deployed through DSM programs.

The concepts of IRP and DSM both reached China in 1992.  Authorities and academics have been observing the prospects for applying these ideas to China.  At present, some experimental programs and pilot projects are being undertaken in district power grids and business power networks (the networks of large businesses that have their own micro-grid).  The major consumers and operators in the power industry in several provinces and cities are seeking specific ways to apply these ideas.
In the current environment, applying IRP and DSM on a large scale over a short time frame would involve many complications, arising from the institutions, systems, policies, and ideas within the power industry and government.  IRP and DSM should be applied in China after a body of experience from pilot projects has been accumulated. 
(4) The green electricity market.  With a rising awareness of the need for environmental protection, the concept of marketing ‘green’ electricity could be tested to raise funds to support renewable energy development in economically advanced eastern regions.
2.2.4  The difficulties facing reforms to the investment system for the electric power industry.

The reform of the electric power industry’s investment system is the base for the reform of the whole electric power industry.  How to reform investment patterns within the power industry is one of the key challenges for any attempt to reform the Chinese power industry.  The power industry has the characteristics of high investment and long construction periods.  At present the efficient use of investment in the power sector is low.  The economic growth rate is still rapid.  In order to ensure the sustainable development of the electric power industry it is crucial to ensure both that investors get an acceptable rate of return on their investments and that, at the same time, the price of electricity remains reasonable.  Any plan to do these things, following the introduction of competition into the electricity market must take into account the weak transmission and distribution grids, distorted pricing plans, and imperfect legislation and regulatory mechanisms.

At present, there is no easy solution for the problems connected with investment in the electric power industry that can be found all over the world.  The most serious problems are as follows: 

(1) Policy incentives in both the competitive market and vertically monopolized markets. The vertical monopolized market encourages over investment because policies enable investors to receive fixed rates of return on their investments.  In a competitive market, the price will fluctuate, so that investors face uncertainties and risks and are reluctant to invest in power generation.  The best way of solving the problem is to link the price of generation to the retail price by way of a long-term contract.  Nevertheless, because (1) power generation and transmission capacities are insufficient, (2) the uncertainties associated with price, and (3) the reluctance to invest in the power sector, the government must establish new policies for the development of the competitive power market.  

(2) How best to attract investment following the reform of the electric power industry, especially for hydropower and other forms of renewable energy.  We propose that electricity power generators should be divided into two types: competitive and noncompetitive.  Large-scale hydropower projects are considered noncompetitive because of extended construction periods.  As a result, only long-term contacts can ensure acceptable returns for investors.  A system providing investment for noncompetitive projects should be set up, and a preferential taxation policy implemented for hydropower and other renewable energy projects. 

(3) How to promote the development of electric generating capacity in western regions, based on the current situation where there are higher electricity prices in eastern areas and lower prices in western areas.  The eastern region has a more developed economy, and therefore places a greater strain on the environment.  Consequently, the eastern region should be responsible for a higher proportion of the cost of any environmental protection measures.  In contrast, in the western provinces, where there is a lower population density, and most electricity generating plants are produce ‘clean’ energy, the environmental costs of these plants is lower.  Therefore, the policy of higher electricity prices in eastern regions and lower prices in western regions should be continued.  At the same time, the preferential policies for investment in power plants in the western region, such as preferential tax policies should be continued.  And the market in eastern regions for power produced in the western regions should be extended, so that there is an increased consumption of western-generated electricity in eastern regions.  The government should invest or encourage the investment in long-distance transmission lines.

(4) How to ensure consistent development of the transmission and distribution networks, based on the model of a grid run under unified management.  Investors in the grid should be made up of a variety of differing components, but the transmission grid should be controlled by the State.  National investment in the grid should increase in line with any increasing demand for electricity caused by economic development.  The development rate for the grid should be faster than that for generating plants.  To ensure steady development of the grid, the policy of adding surcharges to the selling price should be maintained to create a fund to be used for grid construction.

(5) The government should encourage grid corporations and sellers of electricity to use DSM based on their own profit motivation.

3. Policy recommendations for reform of the power industry’s investment and financing systems.

3.1  Improve existing investment and financing systems and institutions.

The main problem with the investment and financing system is that businesses have not really become the major investors.  So the central and local governments should gradually diminish their investment decision-making powers and expand and strengthen the role of commercial firms in investment and decision-making.

3.2  Introduce regulations to reform the power investment and financing system and establish a regulatory commission for control of the electric power industry. 
The government should establish a commission for control of the electric power industry and introduce effective laws, regulations, and policies for the power sector, including how investment in the industry should be conducted.  The Power Commission should recognize the special roles of monopolies within the power industry.  Otherwise, even if competition is introduced, undesirable monopolistic characteristics will persist because there will be no standardization of profit distribution in the investment field. 
Commissions for control of the electric power industry should be established at the State and provincial levels.  The national Power Commission for control of the power industry should be a State level institution independent of other government bodies and under the direct leadership of the State Council.  The provincial Power Commissions should be provincial level institutions under the direct leadership of the provincial government and under the supervision of the national Power Commission.  The provincial Power Commissions should report to the national Power Commission.

3.3  Changes to the grid electricity pricing system and the taxation policy are the key elements of reforms to the power investment and financing system.
Because the effects of capital loan repayments vary depending on the loan repayment schedule, the government should study ways to minimize that effect on electricity prices.  Wider benefits such as environmental protection and energy conservation should be taken into account when establishing the pricing standards for power plants.

As both a vital national industry and a public utility, the power industry should set electricity prices that allow for lower profit margins than the market average.  In order to attract investors, the State should formulate some policies that offer preferential rates of return (i.e. tax breaks) despite the lower nominal profit margins.

3.4  Actively promote policies that offer preferential terms for investment and financing of renewable energy projects.
China implemented some policies providing preferential terms for investment, financing, and taxation in the late 1990s to accelerate the development of renewable energy resources such as wind and small-scale hydropower.  However, those polices are insufficient and therefore should be strengthened and supplemented with the following measures.

(1) China should implement laws that link energy production and the environment, and measures for rural energy development and poverty elimination that guide and regulate the power sector.  The impact of the policies enacted in the 1990s will be reduced if they are not combined with detailed regulations that are uniformly applied.

(2) The State should expand the implementation and standardize policies such as The Brightness Program; the Wind Win Program; Priority Projects for New and Renewable Energy in China From 1996 to 2000; The Ninth Five-Year Plan and 2010 Development Plan for Energy Efficiency and Renewable Development passed by the State Development Planning Commission (SDPC); The Ninth Five-Year Development Plan for the Commercialization of New and Renewable Energy ratified by the National Economy and Trade Committee; policies and investment strategies for wind energy, small-scale hydropower, and renewable energy from the Electric Power Ministry and Hydropower Ministry. 
(3) The government should encourage additional input from relevant sectors to develop detailed policies providing targeted preferences.  Each local government should establish programs to support renewable energy, such as subsidies, loans, and pricing standards.
(4) The gradual standardization of environmental protection policies and the implementation of the strategy for development of the western regions, provide great opportunities for the development of renewable energy with the assistance of future amendments to the policies on investment and financing systems.  But overall, there is no integrated policy to provide incentives for investment in renewable energy, and the policy to encourage the large-scale entrance of renewable energy into the national market is even weaker.  Because current preferential policies are not effective enough, the investment and financing system does not strongly support the development of new and renewable energy.  
The following recommendations should help to improve the rate of development of renewable energy.

(1) Establish renewable energy development corporations such as hydropower, solar energy, and wind energy companies.  Make existing hydropower plants, solar power installations, and wind farms assets of the development corporations.  Devote profits from those generating facilities that have repaid capital and interest on any loans to developing new renewable generation.
(2) A State bank dedicated to financing socially desirable projects (such as the State Development Bank) should provide loans at preferential rates to projects developing renewable energy or improving energy efficiency.  Furthermore, they could postpone or extend the loan repayment period and the interest allowance on the loan in accordance with various different social policies.
(3) Gradually levy charges on fossil-fuel power plants for releasing pollutants, and use the funds collected to create a renewable power generation fund to aid in making renewable power competitive in the market. 
(4) Introduce competition to hydropower projects and non-hydro renewable power plant projects.  Give priority to those projects that require little investment, have short construction periods, and offer low electricity prices to the grid.  During the loan repayment period, give subsidies to successful bidding consortiums to cover that portion of the electricity price that is higher than the price for fossil fuel generated electricity.
The central government should be responsible for subsidizing large-scale renewable energy generation projects while the provincial or municipal governments subsidize medium- or small-scale renewable energy generation projects.
(5) Exempt renewable energy developments and energy efficiency projects from the electricity capacity construction charge and the Three-Gorges charge, and put money into funds for such projects. 

3.5  Promote energy conservation activities and establish an adequate investment and financing system for them.
To adequately promote energy conservation, the State should (1) restore the low-interest energy conservation loans and increase the upper limit on these loans.  The system of energy conservation loans must be standardized.  (2)Establish a corporation for energy conservation services, develop the energy conservation industry, and encourage the entry of energy conservation services into the market as soon as possible, making them available to companies which desire their services. 

3.6  Establish a foundation for renewable energy and energy efficiency projects.

Prior to the establishment of the Power Commissions, a foundation for renewable energy and energy efficiency projects should be set up under the leadership of the State Economic and Trade Commission.  After the establishment of the Power Commissions, the foundation can operate under the auspices of the national-level and provincial-level Power Commissions.  The foundation should prepare long-term plans for renewable power plants and energy efficiency projects.  It should also help establish purchase and sales agreements between power generation companies and the State Power Corporation, invite public bidding for renewable power generation projects, determine subsidy methods, and disburse the subsidies.  
Chapter 8. 
A Strategy for Sustainable Power Development in China
1. China’s Electricity Law: The framework
1.1 The need to establish an integrated legal system for the electricity sector

The State legislature has recently formulated professional laws and regulations, including those related to the environment.  However, in comparison with other nations, environmental legislation in China is weak and not capable of meeting current needs.  To satisfy the required reform and development of China’s power sector, the government must establish an integrated legal system for the electricity sector.
1.1.1 Strengthen the legal system before formulating and implementing regulatory laws for electricity.  

Domestic and international legal experience has shown that without legal systems, a country’s society, economy, and culture are unable to achieve sustainable development.  No matter how different the political, economic, and national systems, all countries implement legal measures to order society.  China should be no exception.  As the social economy and productive forces develop, China needs to regulate all kinds of social and economic relationships.
China's power sector is growing and improving.   The establishment of a legal system for the electricity sector is an essential part of China's power system.  The country needs to establish and strengthen electricity laws and regulations.
1.1.2 China must accelerate legislation for the power sector and establish an integrated electricity legal system.  

Electrification stands as an important symbol of the Four Modernizations, and for economic development.  Before the establishment of reforms in China, the country’s power industry could not supply enough power for industrial and agricultural production, and for people's livelihoods.  This subsequently weakened the Gross Domestic Product (GDP).  Since the commencement of reforms, the power industry has matured substantially.

The government states that the electricity industry is more important than others, calls for raising investment capital from various sources, and urges accelerated construction in the sector.  Many economic and social relationships have changed since the power sector was monopolized.  In the current economic structure—with pluralistic investment bodies—importance is increasingly placed on the need to separate government functions from enterprises, separate power generating plants from power grids organizationally, bid for access to the grid, open up selling, establish and cultivate the electricity market, appeal to legislative processes, regulate and safeguard the power sector reform progress, and develop sustainable electricity.  
Based on international experience, the four components of the power industry—generation, transmission, distribution, and sales—can be unbundled but the network must remain unified, thereby making the relationships among them more complicated.  
The management and guidance of the power industry therefore presents a complex challenge.  Under the new circumstances, simple administrative measures can no longer manage the power sector as before.  The power sector needs legal, economic, and administrative measures for its management.  Above all, it must be regulated according to the law.  
For the past two decades, the Chinese government has paid more attention to regulations, rules, and the legal systems.  However, China’s power industry has continued operation mainly through administrative measures, while many important rules were left un-standardized.  Power sector reform and the development of power enterprises must accord with the law, while efficient reform measures must be integrated into laws.
With the strengthening and re-structuring of the national power sector, leaders in China are forming new legislation.  In order to be effective, this legislation should cover a variety of activities.  To determine which laws are required, research into the framework of China's electricity legal and regulatory systems is necessary.

1.1.3 Develop the productive forces of electricity through legislation.  

A self-contained electricity legal system should regulate all interactions with legal methods and promote the development of the power industry.  Since the implementation of earlier reforms, the power industry has made great strides.  Total installed capacity and generation (MW and kWh/year) are now second in the world and the shortage of power nationwide has ended.  As the proportion of national budget investments has changed, the structure of such investments has also changed, reflecting the nature of policy reform and market opening.
The power industry has resolved the nationwide power shortage.  However, both the per capita installed capacity of power and the per capita generation of power are still lagging.  To promote the sustainable development of the power sector, China must establish a self-contained electricity legal system, regulate all transactions by legal methods, and develop the power industry according to the latest Five-Year Plan.  The operation of State departments and enterprises under the rule of law provides a basis for promoting the development of the power industry.

Growth in the electricity sector is connected to both the development of China’s GDP and the increase in personal standards of living.  Without the development of the power sector, modernization can not be achieved.  Sector employees and consumers of electricity are expected to support electricity legislation and the establishment of the electricity legal system.  During the meeting of the National People's Congress, delegates proposed laws to speed up electricity legislation and regulate electric construction, generation, supply, usage, management, and protection.
1.1.4 Foreign practice shows that China needs to accelerate electricity legislation and Establish a legal system for the electricity sector

The countries that developed rapidly have electricity legal and regulatory systems.  Britain, the United States, Canada, Japan, and other countries established legislation early and developed a vertically integrated power sector.  China should formulate and implement electricity laws after studying and learning from foreign experiences.
1.2 Rapid implementation of electricity legislation and establishment of a complete electricity legal system

China needs to establish complete legal and regulatory systems to govern its electricity sector.  The potential for establishing such a legal system is substantial due to the following reasons:

· Chinese experts have gained much experience with power industry construction, generation, business, and management over several decades.

· China has already formulated a number of laws relating to the power sector, including the Electricity Law, the Rule of Electric Network Dispatching, the Regulation of Electric Facilities Protection, and the Rule of Electric Supply and Usage. According to statistics, the legislature has created more than 500 rules and standards to amend and improve the Electricity Law.

· The State formulated and effected policies that can provide the basis for perfecting a sound legal system for the power sector.

· Legislation governing other industries can also provide good background to establish a system of power sector laws.

· Foreign electricity laws and regulations can provide reference for China’s legislation.
· The establishment of the Socialist Market Economy and the Reform and Open Policy of the electricity market requires a law and regulation system for the electricity sector.

1.3 The characteristics and contents of the electricity legal system 
The existing electricity legal system consists of the main body of electricity laws and complementary regulations on areas including plans, capital, development, business, electricity usage, and facility protection.  Its features are as follows:

1.3.1  The characteristics

The legislation should be coherent, relevant, flexible, and stable.  

1.3.2 The contents
With strengthening of relevant electric legislation, China's government has established the framework of the electricity legal system, which is divided into four hierarchical sections:  constitution, laws, administrative regulations, and rules.

· The Constitution 

The Constitution of the People's Republic of China

· The Electricity Laws

The Electricity Law of the People's Republic of China

· The Regulations
The Regulations for Network Dispatching

The Regulations for the Protection of Electricity Facilities
The Regulations for the Supply and Utilization of Electricity
· The Electric Rules

The Rules for the Supervision and Management of the Supply and Utilization of Electricity

The Rules and the Supplementary Rules for the Division and Management of the Business Involved in Supplying Electricity

The Rules for Electricity Inspection

The Rules for Dealing with the Damage of Residential Appliances

The Rules for Businesses to Supply Electricity
1.4 The relationship between the electricity legal system and the electricity policy system
The establishment of an electricity legal system, instead of a policy system of administrative management, can guide the electric development and management of the power system.  This step contributes importantly in the development of the electric sector.  Therefore, the government must clarify the relationship between electricity law and policy.

Electricity policies are formulated to promote the development of the power industry, satisfy national economic development, and increase people's living standards.  Examples of electricity policies include the State's highest priority policies, industry policies, and professional policies.

The Electricity Law is the fundamental electricity policy.  This complex law includes laws for other sectors, such as administrative, civil, and criminal laws.  The contents of the Electricity Law will guide the relevant activities of electricity legislation and implementation of the law.  
1.4.1 Similarities between the electricity law system and the electricity policy system
· Reflect the State's will 
Electricity laws and the policy system both reflect the State's objectives in the development and utilization of electricity.  

· Ability to Adjust Social Benefits 

Electricity laws and policies both have the function of adjusting various stakeholder interests.  Different parties have different requirements, in terms of the development and use of electricity.  Electricity laws and policies regulate and mediate these different interests.
· Measure the Achievement of Social Objectives 

Each society has its own priorities that include political, economic, technical, environmental, and safety objectives.  These objectives guide the direction of policy and law, which in return provide the means of implementing the social objectives.  Electricity laws, like the electricity policy system, implement electricity development strategies and long-term plans.

· Provide Consistency 
Both electricity laws and the electricity policy system have subjective and objective features that provide relative stability and mobility.  Both the legal and policy systems have the following regulatory functions:

(a) A guideline function that guides the direction and the conduct of development and utilization.
   (b) A coordinating function that restricts and regulates the State in the course of electricity development.
   (c) A control function that involves the extensive supervision and inspection of all activities.  This function enables the monitoring and resolution of difficulties, and ensures the development, construction, generation, management, and protection of the power sector.

1.4.2 Differences between the electricity legal system and the electric policy system
Although the electricity legal system and electricity policy system have commonalities in function, objectives, and regulation goals, they also differ.  The main differences are as follows:
· Different formulating departments
Most electricity laws and regulations are formulated amended, and abolished by legislative bodies—the National People’s Congress and its standing committee, and provincial People’s Congresses and their standing committees.  But lesser government and administrative bodies formulate most electricity policies.  
· Different formulating processes
The Legislature of the People’s Republic of China currently formulates, amends, and abolishes the electricity laws.  But for electricity policies there are no unified procedures.

· Different forms

The written electricity laws and regulations are standardized.  The legal system and the legal framework must conform to a strict set of scientific norms.  In contrast, electricity policies are not standardized.  For example, promulgated documents, conference summaries, speeches, news, and leading articles do not have a fixed form.  
· Different binding forces
Electricity laws and regulations are supported by State mandates and are effective over a wide area of jurisdiction.  No units or persons under that jurisdiction are permitted to violate laws and regulations.  If violated, legal consequences will incur.  Under ordinary circumstances, electricity policies are enforced by the relevant administrative units and do not require mandatory State enforcement.  If work-units break the policies, they are often only criticized.  When the violation is severe, discipline can be administered.

· Different degrees of stability
Electricity laws and regulations are formulated through a legislative process, providing them relative stability.  In contrast, the electricity policies that are formulated by administrative bodies are not always stable since they are not consistently implemented.  Without consistent implementation, policies lose their measure of worth and become less effective than laws.
1.5 The electricity laws of China compared to those of advanced countries
1.5.1 The current state of the electricity law system in China
(a) The basic framework for China’s electricity law system is already established

The Electricity Law forms the foundation of the electricity law and regulation system in China.  Other regulations act to reinforce or expand the Electricity Law, including the Regulations for Electric Facilities’ Protection, the Rules for Network Dispatching, and the Rules for the Supply and Use of Electricity. Such rules and regulations are supplemented by other laws such as the Rules for Reservoir and Dam Management, the Rules for Dam Emigration, the Measures for Supervising and Managing the Supply and Usage of Electricity, the Rules for Partitioning and Managing Regional Power Supplies, the Measures for Electricity Inspection Management, the Measures for Dealing with Residential Electrical Appliance Damages, and the Rules for Businesses that Supply Power. The system provides the legal framework for the reform and development of China’s electricity sector.
(b) The electricity law system is continuously being amended and perfected

The State Development and Planning Commission (SDPC) and the State Economy and Trade Commission (SETC) are drawing up some electricity administrative regulations that augment the Electricity Law, such as the Rules for the Electricity Price and the Rule for Agriculture and Rural Power.  They have not yet submitted these regulations to the State Council.
(c) Research and implement new electricity legislation 
In order to accommodate sustainable development and meet the needs of the current and future electricity markets, particularly in light of the development of western China, the government must research and formulate new legislation.  The following new types of legislation should be considered: the rules for promoting the development of new energy and hydropower, the rules for electricity market regulation, the rules for the electricity market operation, the rules governing power stealing, the rules for electricity construction management, and the measures for dealing with persons who receive electric shocks.
(d) Amend the Electricity Law and the Rules of Network Dispatching 

Parts of the Electricity Law and the Rules for Network Dispatching do not reflect the needs of China’s electricity reform and development.  In order to establish a modern electricity production and distribution system, China must carefully amend the Electricity Law and the Rules for Network Dispatching to meet the needs of the market economy, the new electricity management system, and the electricity regulatory framework.  The new legal system should emulate international reform successes.

China needs to establish rules for power market operation and network dispatching, and divide the rights and obligations for managing the system among governmental regulatory departments.  This will enable easy operation and will direct reform of the electricity sector and the sustainable development of the power industry.
(e) Consistent laws governing the electricity sector should complement other aspects of the legal system

The legal environment for utilities is increasingly complex.  More than 1,000 laws and regulations already directly influence the development, construction, generation, business, and management of utilities.  The Electricity Law should complement the other laws and regulations and complement the legal system as a whole.  In particular, the law should work to complement the following types of laws: Corporate, Contract, Guarantee, Criminal, Bidding, Environmental Protection, Computation, Pricing, Water, Land Management, Consumer Rights, Interest Protection, and Product Quality. 
SETC has recently submitted a draft of the Anti-Monopoly Law for review, and will soon submit it to the State Council and the National People's Congress for consideration.  This law will directly affect utilities.  
1.5.2 Electricity legislation in advanced countries

(a) The reform and development of the electricity sector first involves the implementation of legal reforms (as illustrated around the world).  However, there is no formula for the best method of implementing such reforms.  

(b) The models of market economies in advanced countries vary.  As a result, the models of electric reform also differ.  No single best model prevails, but certain models suit particular countries.  Similarities and differences exist in the legal and regulatory systems of electricity sectors in different countries.  Even if advanced countries have the same basic social system, the legal systems differ–some are common law, others statutory.  Therefore, the electricity market operations vary also.

(c) Reform in advanced countries is continuous.  The electricity laws around the world are maturing, thereby resulting in further sector reform in accordance with the evolving laws.
1.6 The formation of electricity laws in China
The legal and regulatory electricity systems cover power industry management and conduct.  All independent law and regulation has a legislative objective and regulatory scope.  Every law and regulation must be necessary, well researched, and feasible.

On the basis of having a legislative objective and regulatory scope, we suggest that the State establish the following legal framework.  

The suggested framework of the electric law and regulation system:

	The Electricity Law System

	Rules for network dispatching


	Rules for prices
	Rules for electricity supply

and usage 
	Rules for rural electricity 
	Rules for electricity 
market operations
	Rules for electricity regulation
	Rules for electricity facility protection
	Rules for dealing with the stealing of electricity


2.  China’s Electricity Law: Research and suggestions for change
2.1 The origins, features, and functions
2.1.1 The origins of the Electricity Law of China
The National People’s Congress formulated the Electricity Law of China, which includes laws regarding facility construction, power generation, electricity supply, and use, according to power and process.  The Electricity Law has to comply with the following laws: 

The Constitution.  In the current legal system, no electricity law can contravene the Constitution, and laws must be formulated in accordance with the Constitution.  Some of the basic principles of the Constitution are that the State must protect state-owned public assets and prohibits any unit or individual from privatizing or destroying State or collective assets.  However, foreign enterprises and individuals are permitted to invest or cooperate in China in accordance with Chinese law.  

The Electricity Law.  The National People's Congress and its Standing Committee formulated the Electricity Law, which is less powerful than the Constitution.  The general laws under the constitution include: the Civil Law General Provisions, the Criminal Law, the Contract Law, the Environmental Law, the Land Law, and the Electricity Law.

Administrative regulations and rules.  The State Council formulates administrative regulations.  Regulations relevant to the electricity sector include: Regulations on the Protection of Electricity Facilities, Regulations on Network Dispatching, Regulations on Electricity Supply and Utilization.  Rules are formulated by the administration of the State Council, and include: Rules on the Supervision and Management of the Supply and Utilization of Electricity, Rules and Supplementary Rules on the Division and Management of the Businesses Involved in Electricity Supply, Rules on Electricity Inspection, Rules on Dealing with Damages to Residential Appliances, and Rules on the Business of Electricity Supply.  
Local Administrative Regulations.  Regulations are formulated by either (1) local People's Congresses and their Standing Committees, (2) the People's Congresses of Autonomous Regions and their Standing Committees, (3) Special Economic Zones, or (4) People's Congresses in larger cities and their Standing Committees.  These regulations are only effective in the relevant local administrative zone.  

International Treaties and Practices.  China’s laws allow for international treaties.  For example, Article No. 142 of the Civil General Provision states: “If any international treaty concluded or acceded to by the People's Republic of China contains provisions differing from those in the civil laws of the People's Republic of China, the provisions of the international treaty shall apply, unless the provisions are ones on which the People's Republic of China has announced reservation.” 
With China’s entrance into the World Trade Organization (WTO), China will both increase its international cooperation on electricity construction, supply, and utilization, and formulate more international treaties.
2.1.2 The characteristics of China’s Electricity Law 
China's Electricity Law has the following distinctive features:
· The State uses the Electricity Law to organize, manage, develop, and utilize

power, while ensuring the modernization of the country’s power sector.
· The Electricity Law is one part of the legal system governing energy.

· The Electricity Law regulates utilities, customers, and generators.

· The Electricity Law is both substantive and procedural.  Not only does the Electricity Law account for interests and obligations, but also it provides procedures and responsibilities.  
2.1.3 The functions of China’s Electricity Law 

China’s Electricity Law plays an important role in the overall energy and utility law systems, particularly in terms of developing and utilizing power.  The Electricity Law is crucial to national economic development and includes the following functions:
· To protect and promote the development of electricity enterprises.  

· To consolidate the achievements of the power sector.  Recently, power system reform has accelerated in terms of separating government functions from business management and separating generation, transmission, and distribution.  The strategy is to guide reform towards commercialized operation and regulation-based management.  The Electricity Law includes guidelines on management of the electricity sector, the business system, and the pricing system.  
· To restrict the behavior of government.  The Electricity Law describes the function of government, the relationship between government functions and business management, and the State statutes.

· To promote self-determination and the policy of sole responsibility for profits or losses among electricity enterprises.  In accordance with the principle of “separating government functions from business management enterprises,” electricity enterprises will assume sole responsibility for profits and losses, but under government supervision.

· To provide a legal basis for electricity accident damage compensation and responsibility.

2.2 The Electricity Law of China: Scope of applicability
2.2.1 Article Two of the Electricity Law states: “This law is applicable to activities concerning the construction, production, supply, and utilization of electric power within the boundaries of the People's Republic of China.” 
2.2.2 The Law applies to all naturalized citizens, legal persons (individuals who are legally responsible for China-based organizations), foreigners, and other entities within the boundaries of China.  
2.2.3 This law came into force on April 1, 1996 (Article No. 75).  
2.3 Electricity sector reform: Structural obstacles to overcome
2.3.1 Legal obstacles in the supervision and market regulation of electricity

· The electricity administrative and supervisory authorities are excessively decentralized.  The local administrative authorities are the comprehensive economic management agencies.  However, other government departments are responsible for administering price management and environmental management.  The decentralization of administrative authority has restricted the formation and development of the electricity market.
· Establish the legal status of an electricity regulatory organization and its relationship with the electric management department in accordance with the law.
(1) The present Electricity Law only represents a single administrative model.  

(2) There are no regulations or regulatory organizations that dictate how to divide responsibilities between departments.

(3) There are no regulatory bodies to implement the State’s Electric Plan, grant permission to construct power plants, set prices, make power plant operating rules, or implement laws.  
· In the electricity sector, administrative management has a legal basis, however its enforcement power is too weak.

In China, the powers of electricity management and administrative operating laws are aligned except for enforcement.  As a result, the electricity administrative management department has the right to enact the Electricity Law, but does not have the power to implement the law.  Meanwhile, there is a lack of personnel to effectively administer the law and enforce market regulations.



Moreover, with the formation of the power market, utilities do not have the right to enforce the law.  While the utilities should obviously hold responsibility for monitoring and halting hazardous conduct with regard to electricity safety, the present law does not give them authority to do so.  

2.3.2 Legal Obstacles in (1) Separating the responsibilities for generation from distribution and transmission and (2) Bidding for access to the grid
The current pricing and legal systems cannot satisfy the demands of the market economy.
· Although fee regulations are complex and composed of a series of categories, the pricing system is not rational.  
· According to the present Electricity Law, prices are determined or approved by local governments.  Utilities do not have the right to determine the price of electricity themselves, which contradicts market principles.  Power networks bid to determine the purchasing price of power.  The wholesale price for electricity among interconnected power grids is decided through consultation.  At the same time, the local governments approve the power prices between distribution and transmission operators, while the local governments establish the prices for electricity distributed to the users.

· There are no laws controlling direct bidding for grid prices, which counteracts the aims of reform to separate the generating facilities from the grid.  Legal obstacles to pricing include the existing policies of “one plant one price,” “one generator one price,” and “old plant old price, new plant new price.” The pricing system approved by the government does not satisfy the needs of a competitive power market, as competition is un-equal.  The grid price for electricity from some power plants is too high, which only increases the consumers' burden.
· The present Electricity Law only regulates generation and sales prices, without regulating the price of distribution and transmission.  Grid operators and consumers are therefore forced to absorb the price risks caused by exorbitant grid prices and low sale prices approved by the government.  

· Sale prices for electricity have dropped several times.  Time-of-use and peak/off-peak pricing schedules need to be formulated by law, in order to both encourage more evenly distributed use of power and reduce the peaks in the demand for electricity.

2.3.3 Legal obstacles for large-scale users who want to purchase power directly from plants
Chinese power plants and grids should be able to sign contracts directly with large-scale users, as is possible in many other countries.  The Electricity Law should include stipulations that would enable such contracts to meet the needs of opening the electricity market to users.  Since the transmission contract is new in China, there are no regulations regarding fees for using the grid.  

2.3.4 The legal obstacles to fair competition
In some purchase contracts, the grid has agreed with the generating plants on a set number of generation hours annually, fixed investment payback rates, and fixed grid prices over 20 year periods.  According to the relevant provisions in the Contract Law, these contracts are fully effective.  However, some plants receive preferential treatment, and while the grid assumes the risks, the government safeguards the interests of these plants.  These provisions have damaged the interests of the grid and other plants, and runs contrary to the bidding for grid prices.
Because of the lack of laws and regulations about the operation of the electricity market, the Contract Law provides the main guidance on power market operation.  Consequently, the fair market system has been difficult to establish and competition continues to lag.
2.4 Legal changes necessary for electricity system reform 
2.4.1 Electricity system reform requires regulation and direction according to the law
According to Article No. 3 of the Electricity Law, anyone can invest in power plants, so as to promote development in the electricity sector.  However, the end of subsidies to generating plants in 2002 may result in a shortage of capital.  In order to gradually open the sector to investment under State control, China must amend the present Electricity Law rules regarding investment, enabling the continuation of public funding.  The law should also help separate generating facilities from the grid and meet the changing needs of the public.  Thus, to safeguard the basic status of the grid in the national economy and maintain grid construction, the State must play an important role in grid construction.

2.4.2 Separating government from operational functions: Define and introduce a new relationship 

· The electricity sector has many characteristics that restrict operators from acting as legal entities and competing in the market.  It is difficult to satisfy both the needs of market operation and the need to raise money for governmental purposes, which discourages competition.  
· With the further separation of government from the operating utilities, the Electricity Law should define the rights and duties of both the government and the utilities.  The operating utilities are not yet fully separated from the government.  Utilities are responsive to both market and government influences, so they cannot easily operate independently and undertake the responsibility for their profits and losses.  Confusion about the role of the utilities remains, since like other enterprises, the utilities aim to make a profit; yet at the same time, they are also responsible for some public expenses.  The utilities, therefore, are not yet established as modern enterprises.
2.4.3 Define the legal status of all players in the electricity market 
Although the reform of separating power plants from the grids is proceeding steadily, the government has not yet established the relevant legal system.  Therefore, the separation lacks institutional legal support.  The law must clearly define the roles of different legal entities—power producers, transmission grid operators, and power distribution and sales businesses.

2.4.4 China should regulate the introduction of competition, the opening of the market, and the unifying of electricity dispatching according to the law 
China should insist on implementing a unified electricity dispatch system to safeguard the integrity and unification of the network—the basis for introducing and developing competition.  During the period of national economic reform, the State should control the network and provide sufficient electricity for economic growth.
2.4.5 The pressure for environmental protection in the electricity sector is rising

The standards for water, soil, and air protection are becoming more strict.  This directly impacts investment, as business costs of electricity grow.
2.4.6 Non-payment of electricity bills and the stealing of electricity
Some electricity enterprises suffer heavy financial losses or are close to bankruptcy because some consumers refuse to pay their electricity bills and others steal electricity through the illegal tapping of power lines.  These problems are difficult to resolve in China due to the lack of enforcement of relevant laws. If the issues of non-payment of electricity fees and the stealing of electricity are not resolved, they will impede electric enterprises from achieving their management objectives.  Non-payment and stealing electricity have harmed the establishment of a healthy electricity market.  These phenomena are unique to the establishment of an electricity market in China.  As a result, the legal conditions for electricity sector reform in China differ from other countries.  In China, enforcement of legislation regarding non-payment of electricity fees and the stealing of electricity is urgent.

2.4.7 Legal implications of grid repair in rural and urban areas

· With retrofit of the urban grid and the project to install separate electric meters for each urban household, each user can sign direct contracts with their electricity supplier.  However, new laws and policies that define the new relationship between suppliers and consumers are required in order to protect the interests of both sides.

· The construction of rural power facilities continues to accelerate.  As a result, the legislature should resolve a series of legal issues concerning the relationship between the ownership of electricity enterprises and the local government, the types of contracts to be signed, and the labor system.
2.4.8 Enact electricity policies as laws to ensure stability and consistency
In order to ensure that orderly reform continues, the government should endorse relevant policies as laws.  

At present, electric facility operators, rather than the State, manage the network.  The State should reduce its role in network management and dispatch unification, clearly define its strategy, and actively encourage investment in power plants from various sources.
2.5 Problems encountered in the implementation of China’s Electricity Law and thoughts on its modification 
2.5.1 General implementation of the Electricity Law

The current Electricity Law, the first power industry law, was passed on April 1, 1996. Its implementation marks a great achievement in the construction of energy and electricity laws in China.  With this milestone, China began to manage its power industry in accordance with the law.  More than five years have since passed, during which time, the Electricity Law has safeguarded and promoted the sustainable, rapid, and healthy development of the power industry, while simultaneously securing the safety and stability of the power grid.  The law has also played an active role in both satisfying the demand for electricity and encouraging social development, as listed below:

· Electricity Law brings refurbishment to the power industry
The Electricity Law includes principles that stimulate investment in the power industry, while supporting and protecting investors’ interests.  This has brought enthusiasm to power investors from home and abroad and has promoted the development of the power industry, playing a key role in reversing China’s shortage of power.  By the end of 2000, China’s total installed capacity amounted to 316 GW, which ranked second in the world.  

· Electricity Law promotes the functional separation between government and operating utilities 

The Electricity Law stipulates that government and the electric utility administration be separated.  In 1998, the Ministry of Electric Power was abolished and replaced by the State Power Corporation of China (established in 1997), which led to the functional separation of government and operating utilities at the top governmental levels.  To date, most provinces, autonomous regions, and municipalities have abolished electric power bureaus.  In addition, pilot projects are underway to observe how competitive pricing impacts generation, separation, and commission.  China has made gradual achievements in urban grid construction, market reform, and standardization of rural power prices.  The market plays an increasingly important role in resource allocation, and huge changes have taken place in the structural systems of the power industry.
· Electricity Law adjusts various legal relations and protects the respective rights of investors, operators, and consumers.

Power sector construction and operation should strongly protect the rights of investors, regardless of whether they are direct or indirect, domestic or international.  Only with significant investment can a solid foundation be laid for the separation of power generation from the grid.  Implementation of the Electricity Law expands the independent rights of power utility operations and relieves consumers of the burdens of unreasonable pricing.

2.5.2  New problems encountered in the implementation of the Electricity Law

The Electricity Law has, due to social and economic changes, encountered the following new problems during implementation:

· Legal problems in institutionalizing reform of the electric power sector
a.  The Electricity Law provides for a combination of government supervision and decentralized power management.  China’s Electricity Law differs from international power reform, because the latter entails centralized supervision unbundled from the government.  Therefore, the Electricity Law must clearly define the legal position of, and responsibilities for, China’s administrative departments and supervisory agencies.

b.  The current reform is primarily based upon national policies and documents.  Revisions to the Electricity Law are needed to guide and legitimize reforms.  Reform must legally guarantee and promote the continuity, stability, and authority of electric power reform.

· Legal problems in building new relationships between government and utilities after separating supervision from the government
In the further separation of government and electric utilities, increased clarification is required regarding administrative rights and responsibilities.  The Electricity Law should also define the responsibilities, rights, and benefits of utilities, especially how to become operationally and financially self-sufficient, and competitive in the marketplace.

· Legal problems with separating power plants from the grid, promoting competition for grid access at market prices, and fostering new generators in the electric power market
With power plants separated from the grid, natural monopolies and competitive businesses will split apart and run independently.  The Electricity Law should define the scopes of operation, operational methods, and benefit adjustments for power generators, grid operators, power distributors, and retailers.

· Legal problems in adopting a competitive power generation market and reasonable pricing mechanisms

(1) The existing Electricity Law only defines prices for the generation and sales sectors and fails to define fees for the transmission and distribution sectors.  Therefore, the prices of electricity do not represent reasonable values for network operation.  The new Electricity Law should define and incorporate pricing mechanisms for power generation, transmission, distribution, and sales.

(2) The existing Electricity Law states that both commission and sales prices are subject to government approval, leaving electric power enterprises with no pricing autonomy in the market.  Such a system impedes competitive pricing, which is necessary for power market reform.  Revision of the Electricity Law should allow market competition to determine prices.  

The existing Electricity Law stipulates that the government checks and ratifies the prices in relation to each generator’s individual costs.  Such a system creates complications in respect to the policies of one-plant-one-price and one-set-one-price, which stymies the reform goal of competitive pricing.  

· Legal problems in establishing a unified power grid and coordinating transmission and distribution operations 
Coordinated planning, construction, dispatch, and management of the power market are crucial for building a unified and integrated power network.  The Electricity Law should therefore define and strengthen the coordination between the transmission and distribution sectors, in order to truly reflect the State administrated power network.
The transmission and distribution network must open channels for electricity trading and provide non-discriminatory services.  Therefore, the Electricity Law should define the legal and compulsory duties of operating the transmission and distribution systems.

· Legal problems in promoting power grid construction 
The existing Electricity Law allows for multiple investments in power generation facilities, but not in the power line grids, making it hard to fund the demand for delivering power from West to East and promoting nationwide interconnections.  China therefore needs to reformulate the Electricity Law provisions dealing with investment mechanisms, expanding the financing channels and opening network investment.  Without such changes in the current law, public investment can not adequately fund the separation of power plants from the grid and for power line construction.
· Legal problems in delivering power from China’s west to the east and promoting nationwide interconnections
Chinese electricity reform should support delivering power from western to eastern China.  To do this, it needs to promote nationwide interconnections, optimize resource allocation, and establish and perfect a unified nationwide power market with fair and orderly competition.  Since the existing Electricity Law has no such stipulations, revision is urgently needed.

· Legal problems associated with large consumers directly purchasing power from generators
Most international electricity reform has involved the gradual opening of a power retail market based on power supply, demand, and network transmission capacity.  Customers whose demand exceeds a specified minimum are usually able to establish a direct bilateral contract with generators.  In contrast, China’s current regulations define the area of operation for each utility to serve.  Power suppliers are not allowed direct private contracts with customers outside their service territories, which inhibits market reform.  
· Legal problems in fair competition in the market for electricity

A successful power market requires a technological support system, competition, and market supervision.  While it is comparatively easy to build and operate a technological support system, it is difficult to construct competitive mechanisms and effective market supervision—the basis for open, fair, and equal competition.  Revisers of the Electricity Law should take these issues into account.

· Some specific legal problems in implementing the Electricity Law 

In recent years, the Chinese government has introduced stricter legal requirements regarding sustainable development.  The Law on Air Pollution Prevention and Reduction, revised by the Standing Committee of the National People’s Congress in 2000, lays down a new system of zero-starting-point pollution charges (i.e., a tax on every pound of pollution, not just pollution that exceeds a specified allowance).  This pressures thermal power plants to consider the environment.  The government has gradually raised its standards in ecosystem preservation and soil protection, which has led to increasing costs in equipment, investment, and operation.  The Electricity Law should focus on sustainable power development and the structural readjustment of power sources.

Default in payments, power theft, facilities theft and destruction, and human electrocutions are all serious problems related to utilities.  Specific laws and regulations related to the Electricity Law are starting to confront these problems, but more are required.  

2.5.3 Thoughts and suggestions as to how to improve the Electricity Law
· Properly define the following: 

(1) The roles and responsibilities of different entities in breaking monopolies, introducing competition, and insisting on network consistency;

(2) The roles and responsibilities of power investors, operators, and consumers.

· Carefully consider the following:

(1) The applicability of the Electricity Law.

(2) The extent of borrowing from foreign counterparts to modify the Chinese Electricity Law.

· Recommendations for improving the Electricity Law

1) The legislation regarding the power sector needs rewriting according to the evolution of the market.  The legislature should remove and modify parts of the Electricity Law and add new parts. 

2) Alter the following aspects of the Electricity Law: 

A. Establish a consistent, fair, competitive power market to optimize resource allocation.  

B. Categorize major participants as generators, grid operators, power distributors, or sellers, with their business scopes and legal positions defined accordingly.

C. Ensure the consistent operation of the transmission and distribution grids and allow power generators open access to the grid.  A regulatory body should oversee the network system.

D. Encourage investment that enables the simultaneous development of the grid and resources, to ensure the separation of ownership from operation, and to ensure a controlled monopoly of grid operation.

E. Establish a new three-stage pricing system in the new Electricity Law as follows: market-oriented pricing in generation, price regulation in transmission and distribution, and gradual market-oriented pricing under governmental regulation in electricity sales.

F. Ensure open access for large consumers to both directly purchase power from utilities and buy on the open market.  Provide large customers with options that allow them to purchase power directly from generators and choose suppliers.  The Electricity Law should a) provide legal guidance for competition between power suppliers and b) prevent redundant construction of transmission lines.

G. a) Prescribe methods for setting price caps and bottom commission prices for generators, and b) prevent generators from manipulating and monopolizing prices through market share advantages.

H. Define clearly that market participants are responsible for securing grid safety and conforming to central dispatching regulations.  Forbid power plants to interconnect or operate off the grid.

I. Specify the supervision and management roles of the power market in order to meet the principles of being fair, open, and just, while maintaining good order in the power market.

The new Electricity Law—a law of the new century—should promote and secure the reform and development of the power industry.  The law should enable investors to have broader investment fields; power generators to have more autonomous rights in the market and power customers and ordinary consumers to obtain more options so as to enjoy more convenient, higher quality, and less expensive services.

2.6 Thoughts about the framework of amending the Electricity Law
The framework for amending the Electricity Law should not change drastically, and the government should amend it according to the legislative tradition.  Points for consideration are as follows:

· To overcome parochialism.  To amend the Electricity Law so as a) to protect the interests of consumers and utilities, b) to promote the electricity sector's sustainable development, and c) to bolster the national economy.  
· To grasp the opportunity of electricity sector reform as the perfect opportunity to establish new and more relevant legislation.

· To improve the Electricity Law.  To control the electricity sector with laws and policies.

The framework for amending the Electricity Law should consist of ten sections as follows:

Section I General principles: Legislative objectives; the basic principles of electricity development; the objective of law as protection; the policy and function of the electricity administrative and regulatory departments.

Section II Electricity construction: The principles of the electricity development plan; the relationship between a) the electricity plan, b) social development, and c) the land used for utility construction; the basic system for protecting sustainable energy development; the construction of a legal system for the electricity industry; the relationship between electricity construction and environmental protection.
Section III Generation and network operations: The basic principles of generation and network operation; the objectives of the electricity market; the purchase and transportation of fuel for generation; network dispatching; market operating principles.
Section IV Electricity supply and usage: Management of electricity supply and utilization; the legal obligations of suppliers of electricity; the contents and implementation of electricity contracts; electricity metering.
Section V Pricing systems.  The meaning and principles of electricity prices; on-grid prices; mutual purchase prices between networks; transmission fees, sales prices; limitations on prices.
Section VI Rural electricity construction and usage: The relationship between the administrative plan and rural electrification; favorable State policies; the development of small rural plants; special policies for rural development.
Section VII Electricity facility protection: The measures and extent of protection provided to electricity facilities; prohibited behaviors; the relationship between power facilities and local communities.
Section VIII Electricity regulation.  The extent of implementing electricity regulations; details of electricity regulations; staff training requirements; staff obligations.
Section IX Legal responsibilities: Legal responsibilities in breaking contracts; liability for assets; dissolution of responsibilities; and other legal responsibilities.
Section X Supplementary articles: The date the law becomes effective.  
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� The Three Simultaneities policy stipulates that environmental protection facilities must be concurrently designed, constructed, and operated with power plant projects.








� T = metric ton = 1000 kg


�  Wind power generation is competitive where the wind resource is good; geothermal is competitive where the resource is good; co-generation is also competitive.  In addition, in remote regions where the national grid does not extend, distributed power and mini- (micro-)grids can avoid the high cost of new transmission lines.





� Most renewables, e.g., solar, wind, geothermal, hydro, are suited for power generation at their location–requiring long-distance power transmission to transfer any of the power to the east.  Options could include new high voltage DC transmission lines, or even superconducting cables (when the technology becomes available).  
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Fig. 2 Trends in Major Air Emissions from Thermal Power Plants, 1990-1997
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Sheet2

				SO2 Emissions: (MT)		Dust Emissions (MT)

		1990		4.1		3.5

		1991		4.5		3.6

		1992		5		3.9

		1993		5.5		3.8

		1994		5.9		3.9

		1995		6.3		3.9

		1996		6.6		3.7

		1997		7		3.5





Sheet1

				Installed Capacity of Thermal Power (GW)								SO2 Emissions: (MT)		Dust Emissions (MT)

		1990		80								41		35

		1991		82								45		36

		1992		92								50		39

		1993		101								55		38

		1994		110								59		39

		1995		120								63		39

		1996		130								66		37

		1997		141								70		36
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