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even be amenable to retro-fitting. The prudent strategy is to introduce forward-looking low-
carbon incentives now that lay the foundation for even stronger low carbon policies in the 
future. The sheer speed and scale of China’s urbanization and infrastructure construction lends 
urgency to this issue, as does the rapid expansion of the private automobile fleet.

Figure 4.3  Which way will China’s transport sector efficiency evolve?

Source: World Bank, based on IEA World Energy Statistics and Balances, World Bank World Development Indicators.
Note: Bubble size corresponds with total annual CO2 emissions from road transport.

Seventh, a destination for global investments and R&D. All of the above advan-
tages, coupled with China’s manufacturing capabilities, make China an excellent 
location for investments in many global green technologies (Figure 4.4). Regardless 
of whether future technologies are invented in China, they will likely be commer-
cialized in China. Global corporations find the competitiveness of China’s economy 
attractive. The case of coal technologies is illustrative. Since over 70% of China’s 
energy consumption is coal, there is a broad market space in China for technologies 
to clean up coal production and use. China can attract the world’s best green tech-
nologies. This will not only promote China’s own green transformation, but will also 
accelerate the development of technical options available elsewhere.

Figure 4.4  Direction of Wind Power Technology Transfers, 1988–2008

Note: this figure illustrates the transfer of technologies from Annex I countries under the UNFCCC to non-Annex I 
countries, as measured by duplicate patent filings for wind power technologies in non-Annex I countries.
Source: OECD 2010.
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b.  Factors impeding green development 
In spite of the above advantages that favor seizing green growth opportunities, China also has 
to overcome a range of obstacles, as described here. 

First, distorted prices of resource commodities. Due to market distortions and rigidities, 
the major factor markets of land, labor and capital have encouraged capital-, land-, energy-, 
and pollution-intensive development. As a consequence, damages to the environment and pub-
lic health associated with the use of resource-intensive production technologies have not been 
included in production costs of companies; nor does the supply and demand of these resources 
on the market reflect their true scarcity. This is partly due to inefficient pricing mechanisms, 
such as for water and land, and partly due to institutional weaknesses, such as the strong pres-
ence of monopolistic SOEs. For example, water tariffs in China are extremely low by developed 
country standards in China (Figure 4.5). For China to focus investments and innovation in 
green industries and technologies, it must pursue deep-reaching policy and institutional reforms 
and establish markets in which prices reflect scarcity as well as social and environmental costs.

Figure 4.5  Household water and wastewater tariffs in China’s 10 largest cities compared 
to other major cities, 2008

Source: Global Water Intelligence (2008).

According to research by Huang Yiping and others, under-valuing China’s labor, capital, 
land, energy, and environment is tantamount to offering subsidies to resource-intensive indus-
tries (Huang Y.P. 2010; Huang & Tao 2010). For example, in 2009, subsidies embodied in arti-
ficially low energy prices were equal to about 0.7 percent of GDP. According to Li Hong (2011), 
based on 2007 data, eliminating fossil fuel subsidies reduce China’s carbon emissions by 6.21 
billion tons CO2. Similarly, Zheng Xinye (2011) predicts that if electricity prices are not raised, 
then by 2020, China’s urban residents will use 10 times the electricity they do today; and if 
water prices are not increased, then by 2020, the average urban household would use a multiple 
of current consumption. These research results suggest that raising electricity and water prices 
for urban residents may be an effective policy tool. In Beijing, for example, it is estimated that 
raising electricity prices by just RMB 0.02 per kWh will slow the average annual increase in 
household electricity consumption from 35.6 percent to 23.9 percent. It is also estimated that 
slightly raising the water tariff in Beijing from RMB 3.70 per cubic meter to RMB 4.00, would 
reduce the average annual increase in water use from 14.7 percent to 5 percent. The use of 
tiered pricing could prevent undue burden on low-income households. 

The distortion of factor prices in China is a serious problem, but not one that is unique to 
China. It is a global problem (Box 4.2). If perverse subsidies for fossil fuels are eliminated, this 
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will dramatically improve the competitiveness of solar power, wind power, and other forms of 
clean energy. Going further and including the social costs of pollution and illness associated 
with the burning of fossil fuels would raise the price of fossil fuels even more. 

Box 4.2  International fossil fuel subsidies

The International Energy Agency (IEA) estimates that in 2008, fossil fuel subsidies reached 
US$557 billion. According to the IEA’s analysis, if subsidies can be gradually lowered by 2020, 
then global primary energy demand will decrease 5.8 percent and CO2 emissions from energy 
will be reduced by 6.9 percent, compared to a situation in which subsidies are unchanged. At 
the 2009 summit of the G20 in Pittsburgh, the G20 leaders reached consensus on the need to 
gradually reduce subsidies while providing support to low-income groups. The G20 resolved, 
“inefficient fossil fuel subsidies encourage wasteful consumption, reducing our safety, obstruct-
ing investment in clean energies, and negatively influencing measures to mitigate the dangers of 
climate change”. 

Source: cited in Feng F. 2011.

Second, over-reliance on command-and-control measures for reducing carbon emissions. 
By relying too much on inflexible administrative measures, resources for reducing carbon emis-
sions have not been optimally allocated and compliance has been uneven. This is exemplified by 
the current provincial allocation of targets to reduce the energy intensity of economic output. 
First, the targets are not allocated according to means or resources. During the 11th Five-Year 
Plan (2006–2010), energy intensity targets for individual provinces were pegged to the national 
target of 20 percent. Although this method seems to make sense, it has placed an overly heavy 
burden on the less-developed provinces. Because these provinces are currently experiencing a 
period of heavy industrialization, they faced an extra heavy burden in meeting their targets. 
Second, although targets for reducing energy or carbon intensity are the result of a negotiated 
political process, they are rigid (neither flexible nor tradable). This has increased the costs of 
compliance and made it more difficult for individual provinces to save energy and reduce emis-
sions, leading to such phenomena as cutting off power (i.e., resorting to “energy poverty”) in 
order to meet targets that are even lower than what could otherwise be achieved. 

Third, weak incentives for environmental protection. Clear environmental regulations 
enforced by government are crucial for improving the quality of the environment. However, at 
present, China’s environmental regulations remain relatively weak and there has been inconsis-
tent enforcement. 

The problems associated with a lack of incentives for environmental protection are evident 
in both pollution monitoring and compliance, and in natural resource management. Of course, 
there are some successes as well, often market-based. In agriculture, the lack of longer-term 
property rights in land and water has created a disincentive to farmers to invest in longer-term 
sustainability. Instead of increasing soil organic matter in their fields, for example, it is more 
economical to increase output in the short run by using more fertilizers and pesticides. The 
same is true for China’s grasslands, many of which have been over-grazed or encroached upon 
by expanding settlements and are in decline.15 It was also true for China’s forests, which, up 
until the late 1990s, experienced heavy cutting and were shrinking. This changed, though, 
largely due to the introduction of eco-compensation programs and reforms in forest ownership. 
Between 2000 and 2009, the central government invested RMB 365 billion (US$55 billion) on 
afforestation programs, providing cash payments and other incentives for farmers to engage in 

15 China’s Ministry of Agriculture (2007) estimates that 90 percent of the country’s grasslands are degraded, 
and that about one-third are seriously degraded.
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such activities as restoring marginal lands in fragile watersheds, planting shelterbelts to protect 
against sandstorms, and protecting natural forests. Reforms introduced in 2009 that extended 
the contract period for household forest rights to 70 years and allowed households to mortgage 
their rights strengthened the incentive for rural people to invest in sustaining forests. 

Similar to land, China’s water resources management system lacks incentives to promote 
efficiency at the scale required. As mentioned above, the first obstacle to efficient water use is 
low tariffs. In addition, the lagging water rights system reform and the inefficient utilization of 
market mechanisms result in the low efficiency of water resource use. Some of the examples are: 
the profligacy of water for irrigation and the inefficient allocation of water between different 
crops and regions result in the lowest productivity of water for agriculture, which accounts for 
65 percent of total water use but only 45 percent of which is actually used for crops. Only 40 
percent of industrial water is recycled in China, while the ratio in developed countries is 75 to 
85 percent. 

China’s existing fiscal policies have discouraged investment by local governments in envi-
ronmental protection. Since many local governments lack fiscal resources, they have found it 
difficult to support long-term public investments in projects that promote environmental sus-
tainability. Many have turned to an excessive reliance on rents from land in peri-urban areas 
that have been converted from farmland and leased for development. As localities have tried to 
attract outside investment and develop new industries to make up budgetary shortfalls, there 
has been a large influx into these areas of projects that have damaged the environment and 
depleted natural resources.

Finally, the lack of incentives for environmental protection is tied to the inadequacy of the 
predominantly command-and-control pollution control regulations, and to the small scale of 
market-based pilots undertaken to date. For example, China has already attempted to establish 
local SO2 permit trading schemes, modeled after the system in the United States. These pro-
grams have largely failed, however, because of over-involvement by the government in trading 
that has weakened the role of the market, led to the unfair allocation of permits, introduced 
problems in the design of trading mechanisms, and interfered with monitoring of emissions. 

Fourth, lack of a competitive market environment for green industries. There are really two 
levels to China’s transition to green development: the first is “greening” its current economic 
base, and the second is a more fundamental shift towards emerging industries. In terms of 
the more fundamental shift, some Chinese green industries have experienced rapid growth in 
recent years, as exemplified by the rise of its clean energy industries. Yet, despite this, its emerg-
ing industries lack a fair and open competitive market environment in which to grow.

At present, there is still not a level playing field for investment in emerging industries. In the 
case of the wind turbine and solar PV industries, for example, private companies are mainly 
concentrated in equipment manufacturing, while state-owned enterprises (SOEs) continue to 
monopolize the electricity generation market (SERC 2011). State-owned enterprises also domi-
nant the development of shale gas, which will continue to be non-competitive so long as the 
legal rights to shale gas resources are not clearly defined (Box 4.3). 

The Chinese government expects that SOEs will continue to play a leading role in strategic 
emerging industries, which may lead to disappointment given that SOEs have historically been 
unable to take on the role of green innovators. Not only do they lack the same incentives to 
innovate, they have also been placed in an awkward position by the government which expects 
them to meet short-term GDP growth targets while also engaging in the innovation of high-risk, 
cutting-edge technologies. As SOE managers are usually unwilling to take on the risk of failure; 
they are much more willing to purchase new technologies than invest in R&D on their own.

There is also a problem of regulation. Presently, wind power development projects smaller 
than 50 megawatts must be approved by local governments; and projects larger than 50 mega-
watts must be approved by the National Development and Reform Commission (NDRC). 
Egged on by local governments, a “clean energy rush” is now underway that has quickly led to 
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over-capacity in the small undertakings. This campaign-style investment has long been a prob-
lem in China, and one that has been hard to correct. 

Box 4.3  A lack of competition has held up China’s shale gas exploration

China possesses abundant shale gas reserves with an estimated 25–35 trillion cubic meters of 
recoverable resources, comparable to the 38 trillion cubic meters of conventional natural gas 
on hand.16 The country’s richest shale gas reserves tend to overlap with areas in which state-
owned oil companies have registered conventional oil and gas fields. Under current policies, these 
reserves can only be explored by existing state-owned oil companies. Yet, these companies are 
mainly interested in conventional oil and gas resources and have made very limited investments 
in exploring shale gas resources. Some resources are claimed by companies but not explored. 
In other cases, companies are interested in developing the resources but lack access rights. The 
result of this situation has been to hold up technological innovation in the sector.

Extracting shale gas involves surveying, drilling, fracking, micro-seismic monitoring, envi-
ronmental monitoring, water treatment, and other advanced technologies. Exploiting shale gas 
resources requires sustained, successive investments over the span of many years. For that rea-
son, it is particularly suited for exploration via coordinated investment by a diverse number of 
investors. For a single company to develop a site from start to finish often puts great strain on the 
investor and leads to low-levels of efficiency and a lack of technological innovation.

Source: Zhang Y.W. 2010.

Fifth, sector coordination failures. Coordination failures between government and the pri-
vate sector, as well as between different levels of government, have stalled key green develop-
ment projects. The complexity of coordinating different areas of public policy and investment is 
apparent with green industries, since they tend to span multiple sectors and often require some 
form of government support due their infancy and infrastructure focus. Typically, since each 
agencies working in one sector only consider what is in their own interest and within their own 
purview, different agencies may actually hold each other back. The same is true between the 
central government and local government. For example, in the area of clean energy, investment 
in a single project may involve the National Development and Reform Commission (NDRC), 
the National Energy Administration, the Ministry of Environmental Protection, and various 
other local agencies. Generating electricity and connecting to the grid will involve the State 
Electricity Regulatory Commission and the state-owned power companies. Pricing subsidies 
are equally complicated and cumbersome to navigate. In the case of SOEs, top management 
will be evaluated by a number of different agencies.

For these reasons, the development of clean energy has been held back. For wind power, 
according to the State Electricity Regulatory Commission (SERC), coordination problems exist 
in several areas. First, there is difficulty in connecting wind power to the grid. In drawing 
up plans to develop wind power, local governments tend to consider only the availability of 
resources in one particular area in deciding the scale and timing of grid construction. Less 
thought is given to the long-term development of the wind power market. Second, the develop-
ment of power generation capacity and the electrical grid is not well coordinated. For example, 
China had proposed to construct seven large wind-power generating bases (with a capacity 
of 10 GW), but did not lay down plans for how that electricity would be transmitted and dis-
tributed. Third, the development of wind power is not well integrated with the development of 

16 China has yet to make a systematic exploration and assessment of its shale gas resources, and there are large 
discrepancies between various estimates. PetroChina, for example, has calculated that there are 21–45 trillion 
cubic meters of recoverable resources, while the US Energy Information Administration puts this number at 
around 36 trillion cubic meters (Zhang Yongwei 2011).
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other types of power. The potential benefits of inter-provincial trading and power-switching 
are very high, although coordination has proven difficult.

Sixth, weak monitoring and enforcement of standards, especially at the local level. Gov-
ernment monitoring and enforcement of standards remains weak. For example, China issued 
green building design standards, but these are not strictly enforced, even though buildings 
account for about 30 percent of the country’s energy demand. There are lax standards for air 
conditioners and large-scale chillers. In the case of wind farms, Standards are lax or lacking for 
low-voltage ride-through, and for operating frequency (inactive vs. active power). Since market 
externalities exist by definition in weak or distorted markets, the public market regulatory role 
based on standards is essential. Weak institutions will hinder progress into green growth unless 
adequate institutional strengthening is undertaken. There is no substitute for strong monitoring 
and enforcement, even when market-based instruments are used to reduce market externalities.

In summary, these above six barriers will have to be overcome through appropriate policy 
and institutional reforms that together provide clear incentives for changes in technologies, 
investments, and behaviors. That there is a long list of barriers should not be surprising; if it 
were otherwise, green development would already have been a reality in China. In the absence 
of reforms, financing for green investments will not be forthcoming, as the cost may continue 
to be seen as too high and the investment too risky.

c. A ddressing concerns on green development 
While ample opportunities exist to increase the environment and natural resource efficiency of 
the Chinese economy, there will be trade-offs, winners and losers. Policymakers need to recog-
nize that relative price changes arising from changes in taxes, subsidies, regulations, and stan-
dards generate losers as well as winners. This section notes various types of impacts across the 
economy, industries, regions and socio-economic groups. Section 5 will provide more details 
on the numerous policy options that government has available to dampen negative impacts on 
different groups.

First, economy-wide trade-offs. Concerns are often raised that the economic, social and 
even political cost of green development is unacceptably high. A proper response to that con-
cern is that while pursuing green development will require greater public investment in certain 
areas, such as environmental protection and basic infrastructure, the core of green develop-
ment is really to introduce market-based incentives that raise the efficiency and sustainability 
of China’s economy while also improving social well-being. By no means does China need to 
undergo “shock therapy” in order to transition to green development.

It is unlikely that green development will divert public expenditures from important pub-
lic services. As China introduces new market incentives such as auctioning permits for car-
bon trading, strengthens a property tax, and/or raises prices of under-valued resources, green 
development may actually increase tax revenues and bolster the capacity of the government to 
provide funding for social services. Moreover, improving the quality of the environment will 
significantly reduce the need for spending on healthcare related to the burden of environment-
related diseases.

In terms of political costs, it is important to remember that the political economy of policy 
reform is complex and difficult in all countries, including China. Every subsidy creates its own 
lobby, whether the subsidy takes the form of preferential access to land and credit, or access to 
cheap energy and resources. State-owned enterprises have political power and lobbying capac-
ity, and energy-intensive export industries will also lobby for subsidies to maintain their com-
petitiveness. Government will need to balance the wider social benefits of reforms with the 
losses of those adversely affected. Safety net policies for those likely to be negatively affected 
may include income support, and access to alternative employment, retraining opportunities, 
and relocation assistance. Such policies will go a long way in mobilizing the political and work-
place-based support for the changes that are needed (ILO 2011).
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Second, impacts on different industries. High emission industries include power generation, 
coal gas, metallurgy, non-metallic mineral products, shipping, coal mining, oil refining. Three 
industrial sub-sectors are the most energy intensive ones, and will be most directly affected by 
stringent carbon emissions policies (Figure 4.6). More generally, raising the costs of energy, 
water, natural resources, and/or of pollution, will more directly impact those industries that 
incur relatively more of those costs. Some firms may even be eliminated, while others will sur-
vive and upgrade their production processes, supply chains, and management techniques by 
investing in greater efficiency. 

Figure 4.6  Direct CO2 emission intensities of different Chinese industries (2007)

       
  

2

Source: DRC, based on the 2007 input-output table in NBS 2008a.

Third, impacts on different regions. As less-affluent provinces tend to invest more in heavy 
manufacturing and other lower value-added industries, they may be relatively more affected by 
green development policies. A number of China’s poorer interior provinces are undergoing a 
period of heavy industrialization. If policies are administratively allocated and relatively rigid, 
as has been the case in China in recent years, this will place a heavy burden on these provinces. 
Conversely, relaxing price controls on energy so that the environmental costs of extracting fos-
sil fuels may be passed onto the more affluent regions that consume more of these fuels, and 
introducing flexible trading mechanisms for emissions and energy intensity targets, may soften 
the negative impacts on the interior provinces.

As discussed in Section 3, the less-developed regions of China will benefit in the long-term 
by avoiding the costs of being locked into a high-carbon pathway. Once green development 
policies are put in place, they will also be able to better capitalize on previously undervalued 
resources, such as water, forests, grasslands, and renewable energy. Since these regions should 
no longer follow the precedent set by the more-affluent provinces in growing first and cleaning 
up later, they will find new opportunities provided by green development. 

Fourth, impacts on different social-economic groups. Since energy use is so pervasive in 
production and in the household, reforms in energy and carbon pricing will have impacts on a 
broad range of consumer prices, and the net effect may be regressive for some households. In 
general, energy price increases will generally be progressive rather than regressive, since high 
income households use proportionately more energy than poorer ones (Cao J., 2011). (How-
ever, some argue that poorer households are more emissions intensive because of their heavy 
dependence on coal (Golley et al, 2008).) In response, fiscal transfers to households, financed 
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by revenues from eco-taxes, resource fees, or emissions reductions auctions, could be trans-
ferred to consumers to offset price increases without affecting incentives to use energy more 
efficiently. Even more importantly, carbon revenues might be best considered in a revenue-
neutral fashion, in which the selection of revenue sources to be replaced would also have a 
distributional element. The specific distributional impact of a carbon emissions trading scheme 
(ETS) can also be adjusted by freely allocating permits in the initial stage (Zhang & Wu, 2011). 

Other aspects of green growth reforms, such as strengthening of rural property rights and 
reduced air and water pollution levels, are typically progressive because the poor have tradi-
tionally suffered the most. Investments in improved ecosystem health, biodiversity, and water-
shed management will be sustainable with local people’s engagement and employment through 
ecological protection, restoration and related payments for ecological services.
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Chapter Five � The Road Towards Green Development

Whether China can capture strategic green opportunities over the next two decades will depend 
on whether it can create implement reforms sufficient to remove the obstacles in its way. Wide-
ranging policies are needed to provide the necessary long-term incentives to the private sector 
and to strengthen the public sector’s regulation of lingering environmental problems. Policies 
for green development should focus on six main goals. 

Key policy packages to achieve green development:

1.	Provide strong market stimuli for transitioning to green development
2.	Foster green sources of growth 
3.	 Improve environmental quality 
4.	Minimize the negative impacts of green development
5.	Manage risks associated with climate change impacts
6.	Strengthen local institutions

Goal 1: Provide strong market stimuli for transitioning to green 
development 
The basic driver of green development is market stimuli. The most pressing market reforms 
will kick-start the transformation of traditional sectors, start reducing environmental exter-
nalities, and mainstream long-term sustainability goals. The highest priority interventions are 
described here.

First, reforming pricing mechanisms for coal, electricity, gas and water and other resource 
commodities to provide the basic market conditions for green development. This is the most 
urgent reform so that prices reflect not only the market scarcity, but also as much as possible the 
external hazards on environment and health in the process of mining, producing and utilizing 
these resource commodities. At the same time, this reform requires removing and eliminating 
direct and indirect subsidies for the traditional energy and resource commodities, and charging 
the state-owned enterprises full market price for their resource inputs (such as minerals, oil, 
natural gas, shale gas, and coalbed methane). 

Second, continue to impose CO2 emission reduction targets, and accelerate the estab-
lishment of market-based mechanisms to reduce emissions. The Chinese government has 
announced ambitious plans to reduce emissions of carbon dioxide and environmental protec-
tion, and the emission reduction and environmental protection objectives set for the local gov-
ernment are binding. For example, in 2020 the carbon dioxide emissions per unit of GDP is 
targeted to be 40%–45% lower than in 2005. However, these policy objectives over-rely on 
administrative measures, and emission reduction and environmental resources are not opti-
mized. The measures do not promote technological innovation to the extent possible. Accord-
ing to DRC (2011), the following short-term steps should be considered. First, convert the cur-
rent target for reducing the carbon intensity per unit of GDP into a total emissions reduction 
target, so as to create the conditions for introducing more flexible market mechanisms. Second, 
the emissions cap could then be distributed in accordance with advanced industrial emission 
standards, regional GDP per capita and other criteria, and a carbon budget account shall be 
established for each area. The carbon budgets set by the different provinces can be balanced to 
ensure the achievement of nationwide targets. Third, establish flexible and diverse mechanisms 
to achieve emission reduction targets, including emissions trading, a carbon tax on fuels, emis-
sion technology standards, regional cooperation mechanisms for emission reduction, admin-
istrative control measures. Among them, emissions trading might initially cover about 1000 
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high emitters, or about 1/3 of the country’s total emissions.17 The emissions of most other 
enterprises could be addressed via other emission reduction policy instruments. Fourth, estab-
lish new assessment methods for emission reductions, by province. Provinces should be able to 
reduce their actual carbon emissions, or achieve their reduction targets via cross-regional or 
national trading.

The above approach puts a price on carbon using diversified instruments including a cap and 
trade market mechanism. Analysis shows that it will be possible for China to significantly limit 
its emissions without reducing social welfare (see Annex for details). Any carbon revenue col-
lections could be done in a revenue-neutral way. For example, recycling the revenue from emis-
sions auctions by offsetting labor taxes normally paid by employers is one way of achieving job 
creation goals via green growth. In this way, governments tax “bads” such as CO2 emissions 
rather than “goods” such as labor. Such a strategy has proven successful in Germany, where 
revenues from a tax on fossil fuels and electricity was channeled to workers’ pension funds, 
thereby lowering the overall cost of labor and contributing to a increase net employment (cited 
in ILO 2011). 

Third, strengthening other environment-related markets, and introducing market-based 
environmental incentives. Property rights for water, land and forests should be strengthened, 
and market mechanisms for water, ecosystems and land should be increasingly introduced. 
These resource issues are complex, politically as well as socially, but urgent. Poorer regions, 
for example, might bring new areas of land under cultivation and sell these quotas of farm-
land to the more developed regions to increase the efficiency of land use. For water scarce 
regions, conservation and quality improvements can be market-driven. For degraded ecosys-
tems, expanded payments for ecological services (PES) in poor and ecologically important rural 
areas (for example, upriver watersheds or downriver flood plains) are needed. PES programs 
have the potential to provide supplementary source of financing for local governments and cre-
ate alternative job opportunities. For all of the above measure, reforms in property rights and 
land markets are fundamental to improving farmer and business incentives to protect the local 
environment.

Goal 2: Foster green sources of growth 
Going beyond the provision of market stimuli for transitioning to green development is the 
need to more actively promote emerging green technologies and services. The national goal as 
articulated in the current Five-Year Plan is to turn China’s green industries into a world-class 
example of innovation and competition. Further steps to be taken involve both focusing the role 
of the state, and opening up competition in the private sector. Priority actions include:

Removing barriers to private capital and stimulating private investment. There is great 
potential in urban infrastructure and services (such as water treatment, waste disposal, con-
taminated site clean-up), but various barriers exist for private capital entry, including informa-
tion barriers. Once financial access restrictions are released, and new sources of capital are 
created, such as through international climate policies, investment would grow. 

Reforming state enterprises to eliminate monopolies that limit new entrants to better pro-
mote innovation without excess state market presence (see the Innovation paper of this China 
2030 study). 

Increasing governmental investment in critical infrastructure for green development. Two 
examples are in charging stations required by the emerging electric car market and improved 
electrical grids designed to absorb large amounts of fluctuating power generated by solar PV 
and wind generators. Related to expanding government investment are addressing institutional 
and governance issues (see goal 6, below).

17 These industries include power generation, iron & steel, non-ferrous metals, chemicals, petroleum, and 
building materials.
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Offering targeted support for R&D, especially in strategic industries, either through com-
petitive grants to private research or through public RD&D in sectors where public goods 
dominate. Complementary policies to “grow bigger fish by adding more water” may also be 
applied, such as through limited tax relief, enterprise bonds, and preferential financing to infant 
green industries. It should be ensured that subsidies are phased out as each sector matures and 
the need for public support diminishes. To complement support for green sectors, the govern-
ment should also draw up a schedule to cancel export tax rebates and perhaps set export quotas 
for the most polluting and most resource-intensive products.

Encouraging green consumer habits and increasing demand on green products. For exam-
ple, governments can engage in public advocacy of green consumption; establishment of labels 
and standards for green products and services so that they are easily recognizable by consum-
ers; and efforts to mobilize NGOs, media and other organizations to promote green consump-
tion (Box 5.1). 

Box 5.1  Energy efficiency and consumer behavior

Prices are typically very poor for signaling the carbon content of consumer products, even if a 
country has adopted carbon pricing, since it is likely a very small share of a product’s price. As 
a result, guiding consumers to choose low-carbon goods and services through other means than 
pricing will be a key factor in determining the country’s future emissions profile.

In the US, households use one-third of total energy and it is estimated that existing energy 
efficiency measures could save 30% of household energy use, reducing overall energy use by 
10% (World Bank 2010). While these measures would be money-saving as well as energy-saving, 
many profitable energy efficiency measures are never undertaken. Compact fluorescent lighting 
(CFL) provides one example: while the up-front cost of CFL bulbs is higher than for incandes-
cent bulbs, the life-cycle cost is lower. In practice, the uptake of CFL bulbs by consumers contin-
ues to be low in many countries.

While this low uptake may be due to credit constraints, behavioral economics also offers a 
range of explanations for this household behavior, falling under the general heading of ‘cognitive 
biases’ (Diamond and Vartiainen 2008):

•	 Status quo bias—the tendency to ‘continue doing what you are doing’ instead of taking more 
profitable actions

•	 Anchoring—giving undue weight to one piece of information over other available information
•	 Heuristic decision-making—(for example) using ‘rules of thumb’ to evaluate investments 

instead of accurate accounting of expected costs and benefits

Given these and similar divergences from what economists would consider rational behavior, 
traditional economic incentives such as taxes and subsidies may have weak impacts on consumer 
behavior. A broader policy mix for energy efficiency could therefore include information pro-
grams (which can help to reduce anchoring effects and status quo bias) and quotas and technical 
standards (which can overcome the limitations of heuristic decision-making). Similarly, promot-
ing social norms in favor of saving energy and avoiding waste can help to change consumer 
behavior at relatively low cost.

Source: World Development Report, World Bank 2010.

Goal 3: Improve regulation of environmental quality and the 
management of natural resources
Although market incentives are fundamental to achieving green development, there are impor-
tant areas where regulations and other government actions are an important complement. The 
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first is to strengthen regulation generally, i.e., improving the monitoring and enforcement of 
existing regulations. In addition, there are other priority steps to be taken that will enhance the 
basic market incentives established above.

Strengthen standards. Standards are a key regulatory area where improvements will shape 
behavior and create market incentives for green technologies. A key example is the automo-
bile industry where standards can be set for fuel consumption. Another is the appliance and 
lighting industry where new standards for energy efficiency can have a direct and widespread 
impact. A third is the potential for national standards related to climate-robust green buildings, 
urban design, and transportation to prevent cities from “locking in” their carbon footprints, 
especially given the scale of urban construction. Compliance with standards can be increased 
through tougher inspections and buttressed by market-based incentives (such as insurance poli-
cies that require flood proofing or compliance with energy efficiency standards). And a fourth 
is to establish labels and standards for green products, services, and technologies so they are 
easily recognizable and understood by consumers.

Government procurement. Government can signal its seriousness about environmental goals 
by changing the way it conducts its own business. The most important and pervasive approach 
would be to introduce green standards for the roughly RMB 1 trillion (US$150 billion) in 
government procurement each year, which can open up a huge market for green products and 
usher in a robust period of private sector growth. 

Information disclosure. Health damages from air pollution in China’s cities have increased 
as the urban population is growing faster than air quality is improving. Investing in the moni-
toring of the most damaging pollutant, PM2.5, and then regulating it, is the first step to curb-
ing this trend. Public disclosure of air quality data is critical for both awareness and effective 
action. In rural areas, an expanded network of water quality monitoring stations is needed to 
identify and reduce non-point sources of pollution from agriculture, the next major challenge 
to improving China’s water quality.

Waste minimization and recycling in cities. Recycling guidelines and targets can reduce the 
need for new urban landfills or incinerators. By some estimates, China may need an additional 
1,400 municipal landfills over the next 20 years, creating sitting challenges and competition for 
scarce land resources. It can significantly reduce waste generation and landfill through waste 
separation and recycling. Germany and the Netherlands, for example, send only 1 percent of 
their waste to landfills and recycle 60 percent. Reducing waste will be especially critical as the 
size and population of Chinese cities continue to grow and as land becomes scarcer.

Immediate measures to protect natural resources and biodiversity. The natural resource-
oriented market mechanisms mentioned above will take time to implement, and many of 
China’s ecosystem problems are urgent and irreversible. Therefore, complementary measures 
are required to invest in ecosystem management programs, protected areas, and watershed 
conservation. (In some cases, maintaining healthy ecosystems, such as wetlands and coastal 
mangroves, can be the most cost-effective way to manage weather-related risks, such as storm 
surges and flooding.) In parallel, investments in water use efficiency and water quality monitor-
ing stations would complement market-based initiatives concerning water rights, just as invest-
ments in agricultural R&D and extension services would complement reforms concerning agri-
cultural land property rights. 

Goal 4: Minimizing the negative impacts on vulnerable groups
Overall, green development will bring enormous benefits for China; however, as with previous 
reforms, such as those leading up to China’s accession to the World Trade Organization, some 
sectors, regions, and groups will inevitably bear higher costs than others. The introduction of 
reforms, whether fiscal and financial incentives or non-market policy instruments (such as new 
standards and regulations) will inevitably alter relative prices and change the profitability of 
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different sectors. Pollution-intensive sectors will see profitability reduced while green sectors 
will see profitability enhanced. Resources will need to shift over time from one to the other, 
and this may pose adjustment challenges. Similarly, jobs in pollution-intensive industries will 
decline, while those in clean industries will increase. Through a mix of properly designed poli-
cies, the adverse impacts of green development may be minimized. 

First, for regions most impacted by policies to reduce emissions, compensation for carbon 
pricing (whether through taxation or tradable permits) could be made through fiscal transfers. 
If done in a fiscally neutral manner, other taxes that may be more regressive could be replaced 
by carbon revenues. In addition, where price increases in water, electricity, oil, gas and other 
markets specifically affect low-income groups, progressive “social” tariffs could be introduced. 

Second, if carbon trading is introduced, the initial allocation of permits, both by sector and 
across regions, can be done in an equitable manner with the specific cost of the low carbon 
transition in mind. Less developed areas may have relatively fewer opportunities for emissions 
reductions, and may therefore receive more favorable emissions allocations so as to not nega-
tively impact their economies. High-emission enterprises that may be most affected (especially 
industries still subject to price controls or that cannot pass on the cost of carbon emissions to 
consumers) could receive free allocations at the beginning, moving to a partial and then full 
auction over time. 

Third, for displaced workers, job retraining as well as labor market policies that permit 
workers to move jobs and locations at relatively low cost will be needed. Managing this transi-
tion, and ensuring that the pace of change is well within the capacity of the economy absorb, 
will require careful policy planning and pro-active implementation of social safeguards.

Goal 5: Reduce risks associated with climate impacts
In parallel to reducing the social and economic costs of green development, China’s future 
strategy should also reduce environmental risks associated with the impacts of climate change. 
China’s climate will not only become warmer, it will become more variable, with both greater 
extremes and increasing frequency of extreme weather events. Policies to better understand and 
manage risk—and recover from damages—are pro-growth by nature, since they reduce uncer-
tainty and diversity risk. New planning tools can help ensure that long-lived infrastructure 
assets can withstand future climate change impacts, and new financial tools, such as insurance 
for disaster recovery, can help transfer disperse weather-related risks. The recommended steps 
include:

Improve information on weather-related risks. Already, China has invested considerably in 
its network of weather monitoring stations, and it has set up emergency alert systems in coastal 
areas. The country can continue to improve its understanding of past, present, and future 
impacts of climate change by increasing the quantity, quality, and accessibility of weather data. 
It should also continue to invest more in public institutions to research, analyze, and dissemi-
nate this information. 

Update and develop new climate-robust technical standards for valuable infrastructure and 
physical assets. For example, China should ensure that transmission lines and distribution sys-
tems for power grids in coastal areas are designed so that these assets can resist to increases in 
sustained peak wind speeds. Storm water drainage systems in cities should be designed to han-
dle changes in peak daily and weekly rainfall at least 30 to 40 years ahead. And ports should be 
assessed for exposure to at least 50–100 cm of sea level rise.

Strengthen the enforcement of technical standards and building codes. Not only do building 
codes and other standards need to be climate-robust, they should also be uniformly enforced. 
Compliance with standards can be increased through tougher inspections and the introduction 
of more market-based incentives (e.g. insurance policies that require flood proofing or compli-
ance with energy efficiency standards).
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Enhance disaster response systems. Emergency preparedness plans and coordinated proce-
dures for government agencies to respond to disasters are critical, especially if the intensity and 
destructiveness of extreme weather events increases. 

Offer insurance and other financial instruments to transfer risk and assist with recovery. 
This includes such instruments such as disaster and calamity funds, contingent lines of credits, 
insurance, micro-insurance, re-insurance, and risk pooling. Insurance schemes can be designed 
in a way that they encourage beneficiaries to avoid occupation of high-risk areas, comply with 
building standards, and implement flood- and storm-proofing.

Invest in agricultural R&D and extension services to help make the agricultural sector more 
resilient to the impacts of climate change. Well-funded research institutions can help develop 
new seeds and management techniques that require fewer agrochemical inputs and are better 
suited changing climate patterns. More effective extension services can help to diffuse these 
technologies and practices. In this effort, cooperation between the public and private sector 
will be critical.

Mainstream risk management into development planning. China has issued laws for pro-
tecting cities against floods, the outbreak of disease, and other hazards; however, the current 
approach to risk management is highly fragmented, especially at the local level. Planning for 
weather-related risks should be better integrated into infrastructure and land use plans. Risk 
management audits should be incorporated into performance evaluations for local officials.

Goal 6: Strengthen local institutions 
Smart urban planning, water supply management, pollution control, and disaster risk reduc-
tion planning all require coordinated action at the lowest levels of government. To achieve this, 
measures are needed to strengthen local-level governance and institutions, and to provide clear 
incentives in the direction of green growth. New, sustainable sources of fiscal revenue and 
standards for evaluating the performance of local government agents are needed to provide the 
right incentives for provinces, cities, counties, and townships to pursue green growth strategies.

First, encourage different regions to explore different models. In the past, some of China’s 
most successful reforms, such as the household responsibility system, originated as local experi-
ments that were later scaled up. The same could be said for green development. As the green 
development is still in its infancy, some places will play a pioneering role. For example, in 
Baoding and Rizhao, bold efforts are underway to deploy clean technologies, improve energy 
efficiency, and reduce GHG emissions. The success of a few regions, will play a very good dem-
onstration effect, and were soon imitated elsewhere. Yet, local institutional innovation is often 
suppressed because local officials are still under immense pressure to grow their economies 
and protect jobs, and there is often a lack of incentive for officials from different localities or 
bureaucracies to cooperate in solving trans-jurisdictional environmental problems. The current 
competition between municipalities across China is healthy, and can benefit from following 
some basic principles for low carbon urban development (Box 5.2).
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Box 5.2  Low-carbon urban development in China

Cities account for about 70% of energy related carbon emissions worldwide. This is expected to 
increase to 76% by 2030, with most of the increase coming from rapidly urbanizing countries 
such as China and India. Chinese cities already have relatively high levels of per capita GHG 
emissions. With hundreds of millions of people expected to migrate to the cities in China over 
the next 20 years, implementing policies to reign in carbon emissions in urban areas will be a 
central feature of China’s emissions reduction strategy. Taking into consideration the character-
istics of Chinese cities, the following elements are essential building blocks for successful low-
carbon urban development:

•	 Increasing energy efficiency and clean energy sources: Cities should make a consistent and 
dedicated effort to reduce carbon emissions by sustaining demand-side energy efficiency mea-
sures—particularly in industry, power, heating and buildings. In addition, clean sources of 
energy supply can be developed within cities, with rooftop solar PV and solar water heating 
installations. 

•	 Reducing transport sector emissions: to minimize emissions from the transportation sector, 
reduced motorization will be required. Decisive action should be taken to both adopt new 
technologies and provide high-quality public and non-motorized transport. 

•	 Managing cities’ physical growth: Cities need to intervene in the shape and direction of their 
physical growth. Cities with higher densities emit less GHG. Cities not only need to grow 
denser but also smarter, fostering compact communities, multiple use buildings, and public 
transport networks. 

•	 Support of low-carbon lifestyles: With rising income and higher individual purchasing power 
and consumption demands, a low-carbon lifestyle will be a key determinant factor of future 
energy demand in Chinese cities. Some tools have been developed internationally to engage 
citizens in understanding their household carbon footprint and taking action to reduce it. 
Similar partnerships at the city and neighborhood level in China could contribute to less car-
bon intensive households. 

•	 Replacing energy-intensive manufacturing with low-energy intensive economic activities: 
changes in the urban economic base, such as through expanded services, will reduce emis-
sions. However, such strategies need to be considered carefully. For today’s industrial centers, 
simply relocating higher emission industries outside a city boundary to reduce the carbon 
footprint of that city would make little (if any) difference on the national scale. But rapidly 
growing small and medium-cities may have the opportunity to leap-frog and bypass the pol-
luting, high-carbon growth paths taken by the earlier generation of Chinese cities.

Source: Based on Low Carbon Cities in China, the World Bank, December 2011.

Second, improve coordination vertically, between the central state and provinces, and hori-
zontally, between different agencies and across jurisdictional boundaries. Urban, transport, 
and environmental problems are not confined to the jurisdictional boundaries of local govern-
ments. The design aspects, costs and benefits of land use planning, transport networks, and 
water resources management are not confined to one jurisdiction. Also, competition between 
local governments to attract business investment and create jobs can discourage coordinated 
planning on issues such as protecting against floods or preventing urban sprawl. Incentives are 
needed to encourage smart urban planning and risk management by local and regional gov-
ernments. Trans-jurisdictional bodies, such as river basin commissions and regional planning 
boards, should be given more authority. Membership should be expanded to include representa-
tives from multiple line agencies, local governments, and major users of natural resources. 

Third, provide greater environmental protection incentives for local governments. Adjust-
ing the tax structure by establishing stable local revenue sources (such as a property tax, not 
land sales) is fundamental to more efficient land use. A property tax would also encourage 
localities to improve the quality of the environment so as to raise property values and thereby 
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increase local tax revenues. The introduction of explicit performance indicators for local gov-
ernments that support green growth is also key. Higher-level governments could reform the per-
formance and promotion system to reward lower-level officials with new and specific emphasis 
on measuring the quality of growth and the sustainability in the use of natural assets. Indica-
tors of “greenness” and quality of growth should carry the same weight as GDP in performance 
reviews. To make these indicators work, local targets for ecosystem health will be needed, and 
jurisdictional authority of various agencies responsible for meeting these targets need to be 
clearly defined by law in anticipation of possible bureaucratic gridlock.
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Annex: � Sequencing Actions and Confirming Results

The policy areas described in this paper will have a profound effect on the pattern of China’s 
development. The demands on government to correct years of market failures and price dis-
tortions are enormous. This annex makes some cross-sectoral observations about how to 
sequence these recommendations, measure results, and confirm that the long-term targets for 
green development are being achieved. It was prepared by and represents the views of the 
World Bank team.

a.  Sequencing of green development actions 
The concrete actions needed to achieve greener growth in China fall under the broad headings: 
(i) creating market incentives which alter current behavior and foster technological innova-
tion, (ii) using regulation, backed by enforcement, to complement these market incentives, (iii) 
financing public investments in domains where public goods, such as better weather monitor-
ing, will not be provided by the private sector, and (iv) reforming and strengthening the local 
institutions which play a key role in resource allocation and managing environmental quality. 
While steps in all four of these areas can be taken now, the gains from green growth will follow 
a natural sequence (Figure A.1):

•	 Short-term gains will be due to improved economy-wide efficiencies, to be achieved through 
efficient pricing (land, water, carbon, and pollution), regulatory reform, and public invest-
ment in critical green infrastructure. Early steps should also be taken to tighten standards in 
areas that will pave the way for technical developments and behavioral change, such as more 
efficient buildings, transport vehicles, and household appliances. 

•	 Medium term gains will accrue from innovation and changing behaviors, which will come 
in response to government reforms to SOEs; targeted R&D in support of new technologies, 
goods, and services; infrastructure and information support to green domestic and export 
markets; and scaled up public education for all ages to help induce consumer and household 
behavior changes. The growth impacts of new technologies—in output, employment and 
exports—should be measurable and significant by 2020.

•	 By 2030, important targets in lower emissions growth, clean energy, air pollution, waste 
management, and efficient land markets can be met. In addition, risks associated with 
resource scarcity, climate change, and irreversible biodiversity losses can be managed. How-
ever, sustained government intervention will be required in all of these areas, at both the 
national and local levels, for the simple reason that most environmental gains require gov-
ernment intervention to help internalize environmental externalities, and government moni-
toring of compliance with standards.

Finally, while the twenty-year time frame up to 2030 is sufficient time for some early and 
important successes—such as in renewable energy, air pollution, and waste management—
other challenges will certainly remain, such as ecosystem conservation, water pollution, carbon 
emissions reduction, and adapting to climate change.
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Figure A.1  Indicative sequencing of green development reforms

b.  Measuring progress towards green development 
Part of defining, pursuing, and achieving green growth is measuring progress. This point has 
been recognized both in OECD work on green growth (OECD 2011b) and the World Bank’s 
new program to develop a green growth “knowledge platform” to guide its activities in devel-
oping countries. For example, the OECD has identified four clusters of appropriate indicators 
for monitoring progress towards green growth:18

•	 Environmental and resource productivity, to capture the need for efficient use of natural 
capital and to capture aspects of production which are rarely quantified in economic models 
and accounting frameworks.

•	 Economic and environmental assets, to reflect the fact that a declining asset base presents 
risks to growth and because sustained growth requires the asset base to be maintained.

•	 Environmental quality of life, capturing the direct impacts of the environment on people’s 
lives, through e.g. access to water or the damaging effects of air pollution.

•	 Economic opportunities and policy responses, which can be used to help discern the effec-
tiveness of policy in delivering green growth and where the effects are most marked.

Not all of the desired OECD indicators are measurable today, and many countries and agen-
cies are working to establish an optimal set of green development indicators. Although this 
topic remains a work in progress, the two most important areas for defining indicators are the 
quantity of growth and the quality of growth. 

For the quantity of growth, in addition to measuring economic output (GDP or GNI), it is 
also important to measure changes in people’s wellbeing.19 Two indicators used by the World 
Bank are the Adjusted Net National Income (aNNI): a truer measure of income than GDP or 
GNI, and the Adjusted Net Savings (ANS).20

18 Towards Green Growth—Monitoring Progress, OECD, May 2011.
19 The UN’s work on a system of environmental and economic accounts (SEEA), building on the SNA, is one 
such initiative to measure the change in social welfare as a measure of progress toward green growth. The 
World Bank’s work on comprehensive wealth accounting (World Bank 2006 and 2011) is a complementary 
initiative.
20 aNNI accounts for the both the depreciation of produced capital and the depletion of natural resources such 
as forests, minerals, and fossil fuels. The growth rate of real aNNI is proportional to the change in social 
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For the quality of growth, indicators are needed at the sector or even sub-sector level. At this 
level, one challenge is to keep the list of indicators to a manageable size. A highly selective but 
informative set of indicators for the quality of growth includes:

•	 Energy productivity: increasing GDP per unit of energy used is greener because it is a sign of 
increasing energy efficiency

•	 Share of fossil fuels: decreasing the shares of fossil fuel in total energy used increases green-
ness, as does increasing the share of alternative and nuclear energy

•	 CO2 emissions intensities of total energy and of GDP
•	 CO2 emissions per capita

One of the important functions provided by green growth indicator systems is the ability 
to benchmark performance against international good practice examples. These benchmarked 
indicators are shown in Table A.1 and Figure A.2, with these results: 

•	 In terms of quantity of growth, the adjusted income and saving indicators show China’s out-
standing growth achievements. Over the period 2000–2009, the average growth rate of real 
aNNI per capita in China was roughly 10 times that in the OECD; and net wealth creation 
in 2009 as a share of GNI was 7 times higher in China than in the OECD. 

•	 The quality of growth indicators shows, however, where progress is needed. China’s energy 
productivity is half that of OECD countries; its fossil fuel share of energy is 10% higher 
than OECD countries; its share of renewable and nuclear energy production is only one 
quarter that of OECD countries, and its CO2 intensity of GDP is over twice that of OECD 
countries. (On a per capita basis, however, OECD countries emit 80% more CO2 per capita 
as China.)

Table A.1  Comparison of specific indicators, China vs High Income OECD

Indicator China  OECD Year  Measure 

aNNI % growth rate 5.5 0.6 2009  Growth of real per capita PPP $, 2000-2009 

ANS % of GNI 37.7 5.5 2009  Share of GNI 

Energy productivity 3.77 6.73 2009  Constant 2005 PPP $ GDP per kg oil equiv. 

Share of fossil fuels  92.6 82.9 2009  % of total primary energy use 

Alternative and nuclear energy 

production 
3.53 13.88 2008  % of total energy use 

CO2 intensity of energy 3.44 2.54 2009  t CO2 per t oil equivalent 

CO2 intensity of GDP 0.91 0.38 2009  kg CO2 per 2005 PPP $ GDP 

CO2 emissions per capita 5.67 10.36 2009  t CO2 per capita 

Source: World Bank, based on World Bank database, BP 2011, and US EIA database.

welfare, and so the sign of this growth rate indicates whether the economy is on a sustainable path. A higher 
aNNI means that a country is using its natural resources more efficiently. ANS is a measure of net wealth 
creation that measures the depreciation of fixed capital, the depletion of natural capital, investments in human 
capital, and health damages from pollution. Positive savings represent an improvement in social welfare, while 
negative savings indicate a decline, implying that an economy is on an unsustainable path. 
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Figure A.2  CO2 emissions per capita and per unit of GDP, 1990–2009

	
  
Source: World Bank, based on World Bank World Development Indicators, BP 2011, IEA World Energy Statistics and Balances, and US EIA Interna-
tional Energy Statistics.

As China transforms its economy towards high income status, both benchmarks and targets 
will be useful in measuring progress towards greening growth. For example, specific targets 
could be set for China’s green growth, such as the share of renewable energy, the declining 
share of coal in total energy use, the declining level of average urban air pollution; and the 
increasing value of water productivity. Chinese targets, based on international benchmarks, 
could include:

•	 an OECD benchmark of energy productivity that nearly doubles between 2010 and 2030;
•	 the EU target of reaching a 20% share in renewable energy by 2020, and 30% by 2030; 
•	 the Japanese air quality level of 25 μg/m3 in annual average PM10 concentrations; 
•	 a water productivity target of reaching best practice in OECD countries; and
•	 CO2 emissions intensity falling by 60–65% between 2010 and 2030.

As is the case in OECD countries, green growth indicators and future targets are a work in 
progress in China, but an important step to be taken in implementing a green growth strategy. 

c.  The potential impact of a carbon price
Carbon pricing, whether achieved via trading or taxation, would impact such variables as the 
cost of emissions reduction and structural shifts in the economy. By applying the base model 
used in Supporting Report 5 of this China 2030 study, the World Bank team simulated the 
introduction of a carbon price in China, starting in 2015 and phased in over eight years.

Figure A.3 shows the path of CO2 emissions in gigatons for three scenarios. The “business 
as usual (BAU)” scenario features continued strong growth in CO2 emission to 2030, from 
7.2 gigatons (5.4 tons per capita) in 2010 to 10.9 gigatons (7.6 tons per capita) in 2030. The 
key moderating influence on emissions in this scenario is the decline in GDP growth rates in 
2025–2030. In contrast, the scenario in which a $10/ton CO2 price is gradually phased in over 
eight years beginning in 2023 produces substantial reductions and flattens the upward growth 
in China’s emissions, resulting in total emissions of 9.2 gigatons of CO2 (6.4 tons per capita) 
in 2030. And the $20/ton CO2 price scenario produces an even greater effect, so that China’s 
absolute emissions peak and then drop down to 8.4 gigatons (5.8 tons per capita) in 2030—a 
total level about 17% higher than in 2010.
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Figure A.3  China’s annual CO2 emissions under three scenarios, 2010–2030

Carbon revenues in China could be significant in macroeconomic terms. The $10/ton sce-
nario would yield fiscal revenues of 1.4% of GDP by 2030, and the $20/ton scenario would 
go up to 2.7% of GDP. If the carbon revenues were rebated to households, this would amount 
from $329 to 634 per household per year by 2030, depending on the price and assuming a 
household size of 3. While government has considerable discretion on how such a lump sum 
could be distributed, a flat lump sum per capita would be progressive by definition, helping to 
offset any regressive tendencies of the carbon price itself. Further notes on lessons learned from 
other countries on selecting and implementing climate policy instruments are given in Box A.1.

Although the simulated carbon price rates used in this analysis are too low to significantly 
affect the structure of the Chinese economy in 2030, there is a clear impact on the amount of 
coal the country would consume (Figure A.4). In the $10 price scenario, China uses 492 mil-
lion tons less coal compared to business as usual in 2030 (a difference of 15%). Under the $20 
price scenario, coal use drops by 770 million tons compared to business as usual (a difference 
of 23%). Both scenarios result in a peak in China’s coal use before 2020. This decline is driven 
largely by a shift in the relative prices of different fuels for electricity generation. The market 
share of coal-fired electricity in the power sector (in terms of the portion of coal-fired power 
in total real output by the sector) drops 6% and 11% by 2030 in the U$10 and US$20 carbon 
price scenarios respectively. This drop is made up for by mainly by an increase in output vol-
ume for hydropower.

These results actually under-estimate the benefits of the simulated carbon price, since they 
do not include the co-benefits from reducing fossil fuel use related to reduced impacts on human 
health and crops. One important study (Aunan et al 2007) shows that the cost to households of 
imposing a carbon tax of RMB 290 per ton of CO2 (US$ 43 in 2007 dollars) generates the same 
amount of economic co-benefits associated with reduced air pollution, improved health, and 
increased crop production. According to this analysis, the co-benefits in China associated with 
reducing carbon emissions and recycling carbon tax revenues are substantial.
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Box A.1  Lessons from international experience on climate policy instruments

The World Development Report 2010 on climate change outlines the issues concerning instru-
ment choice for reducing carbon emissions. Permit systems give certainty on emission reductions, 
but uncertainly about price. Taxes are the opposite—they give certainly on price, but uncertainly 
about emission reductions. Since price volatility is an issue more with permits than taxes, invest-
ment in R&D for new technologies (especially without government support) may be depressed 
with permits. Revenue generation is possible under both regimes, though the administrative effi-
ciency of the instruments differs considerably. Taxes on CO2 can be integrated with fuel excise 
systems, requiring little additional monitoring effort. Permit systems require new regulatory 
institutions as well as monitoring and enforcement systems to ensure compliance.

The International Energy Agency recently reviewed existing and proposed carbon trading 
schemes in Alberta, Australia, the EU, New Zealand, Switzerland, Tokyo and the United States 
(both national and state-level schemes). Some of the key conclusions are:

•	 Targets. Ambitious long-run targets are needed if firms are to invest in lowering their carbon 
footprints.

•	 Allocation. Countries tend to allocate permits free of charge or to rebate costs to sectors 
heavily affected by taxes, since it eases the transition to a lower-carbon investment. It does, 
however, lead to some windfall profits and also delays adjustments by firms. The European 
ETS is phasing out the free allocation of permits. 

•	 Startup. Trading schemes have tended to over-allocate in the initial phase, leading to a price 
collapse. Banking permits can overcome this, but this only carries forward the surplus per-
mits into the next phase. Other options include establishing a price floor with cancellation of 
any unsold permits; or using a fixed price in the initial phase, which would aid in the collec-
tion of emissions and cost data to better guide subsequent phases.

•	 Support to carbon-intensive sectors. Concerns about potential competitive impacts on 
carbon-intensive sectors will lead to lobbying for financial support to these sectors. Any sup-
port should be time-limited, and communicated as such, in order to reduce fiscal costs and 
provide incentives for firms to invest in less-polluting technologies.

In practice, many jurisdictions have opted for hybrid schemes, using tradable permits for the 
big emitting sectors and taxes for smaller sectors characterized by many actors, such as trans-
port. Environmental taxes and levies are used in all OECD countries, raising revenues totaling 
2.0–2.5 percent of GDP.

Source: World Bank 2010; Hood 2010, OECD 2006.

Figure A.4  Coal consumption trends for China under three scenarios, 2011–2030
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d.  Sectoral considerations
Fully pursued, green development will pervade all sectors of the economy, ranging from indus-
try and energy to the management of cities, water resources, agriculture, forestry, and biodiver-
sity resources. Background papers prepared for this report include sector-specific studies of the 
issues involved in achieving green development targets by 2030.21 

Each sector-specific paper follows a similar structure, which is to, first, indicate a vision for 
China 2030 consistent with its status as a high income country, and second, conduct an analy-
sis of the issues surrounding the implementation of that vision. While each sector is very differ-
ent in its challenges and targets, the recommended actions fall into the various policy packages 
introduced in Section 5, above. The chart at the end of this chapter summarizes the key findings 
of these seven sectoral background papers.

21 The seven sectoral background papers covered: (i) Energy, (ii) Urbanization; (iii) Water Resources; (iv) Pollu-
tion and Waste; (v) Agriculture; (vi) Natural Resource Management; and (vii) Adapting to a Changing Climate. 
They are available on-line.
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