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Executive Summary 
 
The Problem  
 
Few people living in Asia’s great cities or rural areas would dispute that the region faces serious 
environmental problems. Urban ambient air quality is now widely recognized as a serious public 
health issue throughout the region. Increasingly the dangers of indoor air pollution from burning 
wood, charcoal, and animal dung for cooking and heating are becoming understood. Increasing 
water scarcity and water pollution are threatening the safety and availability of drinking water. 
Open defecation practices, especially in South Asia, continue to result in high childhood mortality, 
morbidity, and stunting. Inadequate solid waste collection and disposal are daily aggravations, 
and discarded plastics are threatening the ocean’s ecosystems. These facts are well-known to 
government officials and civil society in the Asia region. 
 
People are increasingly demanding that these problems be solved, but at the same time they 
want continued economic growth and higher incomes. The challenge faced by governments in 
the Asia region is to identify and implement a package of policy instruments that will be effective 
at improving environmental quality and at the same time maintain sustainable economic growth. 
 
Governments’ first responses to the challenge of balancing environmental quality and economic 
growth are often direct state investment and command-and-control regulations. For example, if 
water scarcity is increasing, governments undertake state-financed water infrastructure projects, 
such as dams or inter-basin water transfers to address the problem. If poor municipal solid waste 
collection threatens neighborhood quality and public health, governments pay for garbage 
collection and the construction of landfills. To address water and air pollution caused by industrial 
facilities, governments issue regulations that instruct polluters to reduce their emission levels and 
mandate specific technologies for pollution abatement. 
 
The difficulty with such direct state investments and command-and-control regulations is that they 
typically do not create the right incentives for households or firms to use resources wisely. Under 
these policies, market prices do not necessarily reflect the environmental costs of consumption 
or production. Traditional regulatory approaches generally do not create incentives for changes 
in behavior, and they do not incentivize firms to find innovative ways to reduce their pollution. 
Thus, such policy interventions typically do not do enough to improve environmental quality or 
resource use, and there may be ways to achieve the same environmental goal at a much lower 
cost.   
 
Inefficient policy interventions can lead to frustration and disillusionment. Environmental 
policymakers in both Asia and elsewhere have thus turned to another type of policy instrument: 
market-based instruments MBI’s. This report takes stock of the use of MBIs applied on air, water 
and waste in Asia and relates the use to international experience in order to pave the way for 
increased use of MBIs for efficient and improved environmental management. 
 
Attributes of market-based instruments 
 
Market-based instruments are policy interventions that provide incentives for both producers and 
consumers to make decisions considering the full cost of their actions. Examples of MBIs include 
1) taxing activities with negative externalities, 2) providing subsidies to activities with positive 
externalities, 3) creating markets for trading resources (like water) and the right to emit pollutants, 
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and 4) providing customers with information to improve market efficiency by reducing information 
asymmetries. All of these examples rely on market forces to indirectly increase the efficiency of 
resource use and improve environmental quality. 
 
MBIs have several attractive attributes. First, they promote flexibility in the search for ways to 
improve resource use and environmental quality, and they create incentives to minimize the costs 
of achieving a specified environmental quality target. Second, they “internalize externalities” – i.e., 
they force firms and individuals to bear the environmental costs of their activities rather than 
pushing them off onto others, and thus improve the functioning of markets. Third, they foster 
innovation, creating dynamic pressures to make environmental quality improvements cheaper 
over time. Fourth, environmental taxes and the creation of tradeable permit markets create 
opportunities for an additional source of government revenues. Finally, MBIs can improve the 
ways that people actually make decisions (heuristics) by providing consumers and producers with 
information about markets and the environmental impacts of their actions.  
 
Use of market-based instruments in Asia 
 
The use of MBIs is not new in Asia. In fact, Asian countries have been leaders in the use of some 
types of MBIs. This report documents the application of MBIs for a selection of Asian countries 
on the management of air, water and waste. People’s Republic of China (PRC) has perhaps the 
most wide-ranging use of MBIs for environmental management, employing taxes to control air 
pollution and subsidies to promote its renewable sector. Other countries have more limited 
experience with the implementation of MBIs. Indonesia’s PROPER and PRC’s GREEN WATCH 
programs are widely studied models for rating the environmental performance of firms and 
reporting the results reported to the public. Viet Nam now has extensive experience with the use 
of Payments for Environmental Services (PES) schemes for protecting watersheds. PRC’s use of 
private firms to inject technical expertise into municipal water utilities has been steady and 
effective. Most Asian countries make use of some economic instruments for waste management. 
For example, the use of deposit-refund schemes to improve the collection rates of used-batteries 
in India proved partially successful in increasing customer-returns of used batteries to the 
retailers. Thus there have been valuable experiences with MBIs in the Asian region that other 
countries can learn from and adapt to fit their particular circumstances. 
 
However, the deployment of MBIs in Asia has also faced some challenges. In most cases 
environmental taxes have been set too low to really incentivize polluters to make major reductions 
in emissions. Governments have also granted many polluters exemptions from environmental 
taxes, and thus the coverage of such programs has been too limited. The capacity of many 
environmental agencies to collect environmental taxes and regulate tradeable permit markets has 
also been limited. The general policy frameworks in many Asian countries favor local economic 
development over the environment, which compromises the work of enforcement bodies at the 
subnational level and results in widespread non-compliance with environmental policies. 
 
Perhaps the most widely used MBI in the Asia region has been the provision of subsidies to 
promote positive environmental behavior. Subsidies are popular and thus easy to implement, but 
they are also costly and difficult to remove. In many instances they promote too much resource 
use and investment in the subsidized sector, and they are therefore less efficient than some 
alternative approaches.  
 
Scaling back of existing environmentally-harmful subsidies is also discussed in the report. 
Removing these subsidies would free up government revenues and would be efficiency-
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enhancing. Removing fossil fuel subsidies, for example, would have significant positive 
environmental impacts, and the cost of these subsidies is substantial—the International Monetary 
Fund estimated that the value of global fossil fuel consumption subsidies in 2015 around US$5.3 
trillion, or 6.5% of global GDP (IMF, 2016).  
 
Evidence that market-based instruments work 
 
Ideally policy makers in Asian countries would have access to a series of high-quality evaluations 
of MBIs that would convincingly demonstrate that these policy interventions deliver the outcomes 
that economists promise. In addition, these evaluations would have been conducted in local 
situations very similar to the circumstances so that policy makers could be confident that the MBIs 
would work. Unfortunately, as this report documents, such rigorous evaluations are rare. Policy 
makers must thus use their judgment and intuition to assess how best to deploy MBIs in their own 
political, social, and economic context. 
 
There are, however, two reasons to believe that MBIs are likely to be a very promising approach 
to find the right balance between increased economic growth and improved environmental quality. 
The first is that economics provides a strong underpinning for the expectation that MBIs can 
achieve a given level of environment quality at least cost and foster innovations that will make 
environmental quality improvements cheaper in the future. The second is that there are now many 
case studies—both in Asia and around the world—that strongly suggest the advantages of MBIs 
in a wide variety of contexts. These case studies provide evidence of the benefits of MBIs that 
should convince policymakers that MBIs can be used effectively in their own local contexts. Even 
in OECD countries, the process of implementing MBIs has been gradual and, as identified in this 
report, there are many examples of “low-hanging fruit” where MBIs could improve on existing 
regulations. 
 
Challenges using market-based instruments 
 
Policy makers who want to use MBIs face challenges. In many settings, people are concerned 
about impacts such as higher prices and adverse distributional consequences that result from 
properly pricing fuel, piped water and sanitation services, or carbon emissions. There are 
concerns about the welfare impacts of higher prices, impacts on employment, or how firms will be 
affected if they face international competition. They may not trust that the benefits from 
environmental quality improvements will actually occur, or that these benefits will be worth the 
costs to them. Governments can promise that the revenues collected from emissions taxes will 
be redistributed and thus be “revenue neutral,” but people may not believe or understand such 
promises. Dealing with the distributional consequences and people’s resistance to price increases 
is not a secondary concern after “getting prices right”; it is a core challenge facing advocates of 
MBIs.  
 
Effective policy makers in Asia have found ways to make the case for higher prices in exchange 
for improved services and environmental quality. Scaling back fossil fuel subsidies is generally a 
progressive reform; that is, higher-income households benefit from the subsidy more than lower-
income households. Subsidy reforms can free up revenue to compensate those affected by higher 
fuel prices, but it is essential to communicate plans for fair redistribution of the revenue that is 
saved. Phase-out plans have generally been more successful than the abrupt elimination of 
subsidies. 
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In addition, policy makers face a second problem. The choice they face is typically not to abandon 
the environmental policies and instruments that are now deployed and replace them with one or 
more MBIs. Rather, in most cases, MBIs are added to the existing policy mix. This is because it 
may be too risky to simply abandon the use of direct state investments and command-and-control 
regulations, or because some stakeholders have vested interests in the status quo. 
Understanding the consequences of adding MBIs to an existing policy mix is especially hard. 
Furthermore, economic theory and case studies may offer insufficient guidance. 
 
Recommendations 
 
Despite the challenges of deploying MBIs in complex policy mixes, MBIs are the most promising 
approach available to policymakers for striking the right balance between improved environmental 
quality and continued economic growth. There is a strong consensus among economists that 1) 
MBIs are needed to address the environmental damages that arise from market failures, and 2) 
command-and-control regulations, although useful in some circumstances, are too inefficient to 
take the Asia region much further along the pathway toward both economic development and 
improved environmental quality. 
 
There is no single MBI or combinations of MBIs that can be recommended for use throughout the 
Asia region. The report provides an overview of some promising examples that policymakers can 
look to for guidance in crafting local policies for their specific situations. These include deployment 
of feed-in tariffs and procurement auctions, and expanding payments for ecosystem services. 
However, policymakers will need to think hard about how to translate experience with MBIs 
elsewhere in the region to solve their specific local problems. They will then need to carefully 
monitor and evaluate how MBIs are working and make “mid-course corrections” as lessons are 
learned during implementation. For this reason, pilot studies may be useful to help understand 
where and how MBIs can effectively address local environmental and resource management 
problems. When a pilot program proves to be successful, the policy can be scaled up.  
 
However, three opportunities for the use of MBIs look especially promising. The first is the removal 
of subsidies on both resource use and public investments in pollution abatement. Removal of 
subsidies offers improved price signals, increased efficiency, and reduced government 
expenditures, but needs to be coupled with targeted customer assistance programs. 
 
The second is the use of environmental taxes and tradeable discharge permits to reduce 
greenhouse gas emissions. Because marginal abatement costs differ widely across sources, both 
MBIs promise large abatement cost savings relative to a comparable command-and-control 
policy. Because the marginal damages associated with greenhouse gases emissions are 
essentially the same across sources, environmental taxes are especially attractive because there 
is limited risk associated with missing a specific abatement target. Because the electric power 
sector is typically responsible for a large share of emissions, monitoring and enforcement is 
relatively easy. Both carbon taxes and tradeable carbon discharge permits can generate revenues 
for the government that can be used to offset more distortionary taxes.  
 
The third is the provision and release of information to improve household decision-making. The 
information technology revolution, including social media, enables a wide variety of environmental 
quality and resource use information to be provided quickly and inexpensively to members of civil 
society that were previously hard to reach. 
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MBIs offer substantial promise to address some of the most pressing environmental issues in 
countries across Asia. The report provides policy makers with a discussion of the basics of MBIs, 
an overview of previous experience with MBIs, and recommendations for additional evaluation of 
existing MBIs, pilot studies and opportunities for scaling up market-based environmental policies, 
and where there is great potential for implementing MBIs.  
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Chapter 1. Introduction 
 

Key Messages 

• Policies to protect and improve environmental quality are needed in much of 
developing Asia. Heightened levels of air pollution threaten urban and rural 
populations, water resources are increasingly stressed, water pollution threatens the 
drinking water of millions, and the waste stream created by increases in consumption 
is causing tremendous challenges.   

 

• Market-Based Instruments (MBIs) provide incentives to achieve environmental goals 
at a lower cost than traditional regulations.  

 

• A broad suite of MBIs is introduced and defined, with a focus on air pollution, water 
resources and waste management.  

 

• A regional stocktaking of MBIs throughout Asia was conducted to understand which 
policies have been introduced, what has been effective, and where there are 
opportunities for the implementation of MBIs.   

 

• Case studies help illustrate the practical issues associated with the implementation of 
MBIs to address environmental issues in Asia.  

 

• The report assesses the suitability of various market-based policy instruments to 
address environmental problems and offers recommendations for pilot programs, 
opportunities for scaling up MBIs, and where new MBIs offer the greatest promise. 

 
Market-Based Instruments Provide Incentives and Flexibility to Achieve Environmental 
Goals at a Lower Cost than Traditional Regulations.  
 
1. This report provides an introduction to the use of market-based instruments (MBIs) for 
environmental policy in Asia.  
 
2. The need for innovative and aggressive environmental policies in much of Asia is clear. 
Amid rapid urbanization, a changing population structure, and increased demand for resources 
and services, environmental quality has been significantly degraded. Furthermore, the energy 
and water intensity of manufacturing production in developing Asia—the amounts of water and 
energy used for a given amount of production—are double the world average. Although there has 
been increasing policy intervention in Asia, the implementation of environmental policies has often 
been ineffective and lacking a scientific basis (UNEP, 2016). Given the dynamic setting and 
changing economic conditions, there is a need for environmental policies that allow for flexibility, 
creating incentives for individuals and firms to make choices that would be better for the 
environment and society as a whole. The ideal policy would create incentives for more efficient 
allocations of resources, induce innovation, and internalize the costs of using natural resources. 
Rather than controlling emissions, technologies or production decisions directly, market-
based instruments rely on markets and the prices to steer decisions towards more efficient 
outcomes.  
 
3. Experience from OECD countries shows that relying too heavily on direct regulations is 
not optimal in some sectors, as firms cannot make use of technological and management 
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opportunities to reduce pollution at a lower cost. In contrast, MBIs provide firms with more 
flexibility to find least-cost solutions to pollution abatement (reduction), which, in turn, can 
stimulate technological innovation. This flexibility also implies that the largest pollution reductions 
can be done by firms that can achieve such reductions at lowest cost (ADB, 2008).  
 
4. The implementation of MBIs has also become more common in Asia, but the accelerating 
environmental degradation in the Asian region indicates the need for more interventions and the 
utilization of better policies (ADB, 2008). To develop proposals that are effective for Asian 
countries, it is imperative to understand the implementation experience of the existing MBIs. Past 
experience indicates that successful application of MBIs is affected by (i) the characteristics of 
the policy instrument, (ii) the characteristics of the environmental problem, and (iii) local context, 
including technical requirements, and the economic, social and political environment. As such, 
the suitability of MBIs is likely to vary with a country’s characteristics. 
 
5. Market based instruments (MBIs) can support a shift towards sustainable development 
since they are designed to ‘get the prices right.’ When MBIs are used, prices better reflect the 
social cost of that activity. Price reforms are typically difficult to implement—increasing energy 
prices, for instance, is one of the most politically-sensitive reforms a government can attempt–but 
it is crucial to close the gap between private and social costs. 
 
6. At present, the environmental costs of production and consumption are rarely reflected in 
the prices of goods and services, or in the resources used to produce them. That is, there is a 
gap between the market price of a good and the social costs of using that good. That is, the 
market price may not reflect the “external costs” generated by using that good. For example, the 
market price of one liter of gasoline does not include the incremental damage costs of burning 
that liter of gasoline, such as the costs of the additional local air pollution, traffic congestion, sound 
pollution, or increasing global concentrations of carbon dioxide and its effect on the climate. 
 
7. This report focuses on state-based MBIs that require the steering of local governments. 
This is necessary for instruments that rely on existing markets, such as taxes, subsidies, and the 
provision of information. In other cases, the use of MBIs may require local governments to define 
or create property rights and markets; such policies include creating tradable credits for emissions 
control or resource management. The report also examines how MBIs can be improved, draws 
lessons based on global and Asian experiences, and makes recommendations for the future. 
 
This Report Focuses on MBIs for Air Pollution, Water Resources and Waste 
 
8. The current trajectory of environmental degradation in Asia is unsustainable. Although 
MBIs could be implemented in a variety of settings, the report focuses on three key areas where 
MBIs could be used in Asia, namely in combatting air pollution, managing water resources, and 
in waste management. 
 
Air Pollution 
 
9. Air pollution is a primary cause of illness and death in both the growing cities and the rural 
areas of Asia. Outdoor air pollution is a common by-product of electricity generation, industrial 
production, motorized transport, and some agricultural practices such as straw burning. Indoor 
pollution is associated with burning of solid fuels such as dung, charcoal, and wood for cooking 
and heating (Health Effects Institute, 2018). Air pollution is a significant concern throughout much 
of developing Asia, and it will remain a challenge as rapid urbanization and economic growth will 
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increase the demand for energy and motor vehicle ownership. Moreover, while this report focuses 
on airborne pollutants directly harmful to human health (e.g. particulate matter), air pollution and 
climate change are closely linked since the main sources of carbon dioxide emissions are major 
sources of air pollution as well. 
 
Water Resources 
 
10. Asia’s freshwater resources are being degraded by excessive groundwater extraction and 
surface water use as well as pollution from waste generated by households and industry. 
Increases in agricultural, industrial, and urban water use will place greater pressure on dwindling 
supplies. The term “water management” encompasses a broad mix of water-related issues 
including degradation of water resources through pollution or overuse, efficiency of water use, 
and allocation between competing uses. 
 
Waste Management  
 
11. Finally, increased waste generation has been driven by rapidly increasing urbanization 
and economic development. Uncontrolled dumping into waterways, unsustainable landfilling and 
open burning of waste are still common disposal methods. Facilities are inadequate for complex 
waste streams, including e-waste, food waste, construction and demolition waste, disaster waste, 
and marine litter. Levels of recycling and re-use are low and, like air pollution and water resources, 
waste generation will continue to be a challenge moving forward.  
 

1.1 Objective and Methodologies 
 
12. The objective of this report is to assess the suitability of various market-based policy 
instruments to address environmental problems in the areas of air, water, and waste in Asia in 
order to increase the efficiency of environmental policies in the face of economic growth and 
increasing pressure on natural resources.  
 
13. The report is based on an analytical framework intended to synthesize and organize 
previous studies in order to provide insights to policy-makers and help support choices when 
applying market-based approaches for environmental management. To enable a systematic 
analysis, a particular structure has been applied in the information gathering based on (i) the 
characteristics of the policy instrument, (ii) the characteristics of the environmental problem 
(polluting activity), and (iii) the context of the implementation in terms of technical and political 
requirements and conditions. 
 
14. Regional stocktaking: As a first step, reports were compiled by regional experts for 
each of the three regions (East Asia, Southeast Asia, and South Asia) that summarized efforts 
regarding the use of economic policy instruments to solve environmental problems related to air, 
water, and waste. The geographical delineation of the stocktaking reports was given as follows: 
 

• East Asia: Mongolia, People’s Republic of China 

• South East Asia: Cambodia, Indonesia, Lao People’s Democratic Republic (Lao PDR), 
Malaysia, the Philippines, Thailand, Viet Nam. 

• South Asia: Bangladesh, India, Nepal, Sri Lanka. 
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15. For these countries, a careful review of the published scientific and gray literature was 
done in order to identify “lessons learned” from both successes and failures of the use of market-
based instruments in the region.  
 
16. Systematic reviews: In order to identify and screen the current knowledge base in terms 
of peer reviewed publications, a systematic approach was applied. Systematic reviews provide a 
basis for evidence-informed decision making through a transparent, unbiased, and replicable 
process of searching for and synthesizing evidence in the literature. For this report, systematic 
reviews were applied on relevant policy/impact evaluations in the areas of air, water, and waste 
and related environmental impacts. More details on the methodology and results of the systematic 
reviews can be found in Annex B. 
 
17. Case studies: To provide concrete examples of experiences with MBIs, nine case 
studies were selected from the findings in the stocktaking reports and systematic reviews. These 
are presented in Annex A and as text boxes throughout the report. The selection of case studies 
is based on studies where there was sufficient information on the implementation of the policy 
applicable to the analytical framework. The analysis in each case study is based on the seven 
criteria (requirements and outcomes) discussed in the analytical framework. 
 

1.2 Market-Based Approaches 
 
1.2.1 Overview of Policy Instruments for Environmental Management 
 
18. Policymakers have two broad types of environmental policy instruments for natural 
resource management and pollution control. First, they can use traditional regulatory approaches 
(sometimes referred to as command-and-control) that set specific standards for polluters or 
resource-users. Second, they can use market-based instruments, or MBIs, that rely on market 
forces to incentivize changes in producer and consumer behavior. The various kinds of policy 
instruments included in each category are listed in Error! Reference source not found. and 
discussed briefly in this introduction. In Sections 2-4, selected MBIs will be analyzed with respect 
to country-specific air, water and waste policies. 
 

Table 1. A Simplified Taxonomy of Policy Instruments 

Policy Instrument 

Command and Control 

 

Bans, technology standards, performance standards, legal 

liability, and penalties for noncompliance  

Market-Based 

Instruments 

Pollution taxes, fees, or charges 

Water pricing 

Subsidies or subsidy reduction 

Tradable permits  

Hybrid policies such as deposit-refund schemes 

Payments for ecosystem services 

Source: Sterner and Coria (2012) 
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1.2.2 Command and Control Regulations 
 
19. The two most common command and control regulations are technology standards (which 
mandate specific control technologies or production processes) and performance standards that 
impose a limit to emissions or resource use.  
 
20. Technology standards do not provide firms much incentive to develop new, more efficient 
technologies. It is possible to achieve the target level of pollution control or resource use through 
technology regulations, but this is unlikely to be achieved in the most cost-effective manner.  
 
21. A performance standard regulates the quantities of pollution produced or resources used, 
but it gives firms flexibility in the choice of how the standard is achieved. Performance standards 
may be appropriate when there is uncertainty about the costs or availability of alternative 
technologies, when monitoring costs are low, and when regulators want to achieve an 
environmental goal quickly and with certainty. 
 
1.2.3 Market-Based Approaches Rely on Prices and Incentives to Achieve 

Environmental Goals.  
 
22. In contrast to command-and-control regulations, MBIs allow for varied responses by 
different firms or households. In what follows, we review the features, benefits, and drawbacks of 
some of the most commonly used MBIs, while Table 2 summarizes when different MBIs might 
work. 
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Table 2. A Simplified Taxonomy of Policy Instruments 

MBIs May be proper when May not be proper when 

Emissions Taxes Polluters have different costs 
of reducing emissions and 
there are several emissions-
reducing technologies 
available. 

Regulators want to achieve a specific 
emissions reduction 
Polluters respond little to prices 
Monitoring emissions is expensive 

Taxes on 
inputs/outputs  

Monitoring of emission is 
impossible, difficult, or costly 
Inputs/outputs are easily 
monitored and will serve as a 
proxy for emissions 

Regulators want a certain reduction in 
emissions 
Use of inputs/output is a poor proxy for 
emissions 
Polluters respond little to prices of 
inputs/outputs 
 

Water Pricing It is possible to find the 
political will to set water prices 
that reflect the full cost of 
water supply 

Property rights are not well defined 
It is not costly or impractical to measure 
water use or to collect payments 
Demand does not respond to changes in 
water prices 

Subsidies Firms or individuals require 
additional financial support to 
achieve the desired outcome 
There is a concern about 
foreign competition from 
regions or countries with 
weaker regulation 

The subsidy might encourage inefficient 
firms to stay in the industry 
There are better alternative uses of the 
public funds 
The cost of financing the subsidy is high 

Tradable Emission 
Permits 

When the policy makers want 
a certain reduction in 
emissions 

The legal framework is not consistent with 
allocation of property rights 
Monitoring of emissions is expensive 
There is poor regulatory enforcement 
Markets are not competitive 

Hybrid Policies  
Refunded emission 
taxes 
 
 
Deposit refunds 
 
 

 
Refunding tax revenues could 
increase the political feasibility 
of taxes 
Waste disposal is difficult to 
monitor  
Clean-up costs for waste ends 
in the environment are high 

 
There are few polluters that can influence 
the size of the refund 
 
Because returning of objects for which the 
refund is paid is voluntary, the policy is not 
suitable for addressing very serious 
environmental hazards 

Payments for 
ecosystem services 

There is a good 
understanding of the 
processes and outcomes 
related to the supply and 
consumption of ecosystem 
services at a local level 

Voluntary enrolled does not ensure 
sufficient levels of environmental protection 
Monitoring must be feasible since 
payments must be contingent upon 
continuous provision of the service 

Information provision, 
labels, and voluntary 
agreements 

Difficult to implement 
mandatory regulations 
because of negotiation costs 
and implementation lags. 
 

Regulators want a certain reduction in 
emissions 
Firms’ stakeholders do not react to 
information about the environmental 
performance of firms. 
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Pollution Taxes, Fees, and Charges 
 
23. Pollution taxes are designed to directly put a price on pollution. In the absence of a policy 
intervention, the market price of a good or service may not reflect the true social cost of consuming 
that good or service. That is, there is a gap between the price a consumer pays and the marginal 
social cost of the consumption of that good or service—this gap is the marginal “external cost”. 
An ideal pollution tax is set so that the market price (inclusive of the tax) reflects the social cost 
of consuming that good or service.  
 
24. Pollution taxes, fees and charges place a per-unit monetary charge on pollution emissions 
or waste to reduce the overall quantity generated. These are designed following the “polluter pays 
principle” (PPP), which loosely states that polluters should bear the cost of the negative externality 
they create. Examples include emissions taxes, wastewater discharge fees, and solid waste 
disposal fees. Although the names are often used interchangeably, there could be differences in 
how the revenues are collected and spent. Taxes are usually politically-determined, and revenues 
from taxes go to a central treasury; charges are typically administrative and may be levied by 
sectoral agencies. In either case, the impact on incentives is the same. 
 
25. Environmental taxes are meant to create an incentive to reduce the production and 
consumption of polluting inputs or products. An efficient tax would be set such that the marginal 
damage from pollution (the incremental harm caused by a unit of pollution) equals the marginal 
cost of reducing pollution (the incremental cost of preventing a unit of emission) (OECD, 2010). 
The increased cost, equal to the level of the tax, creates an incentive to reduce the production 
and consumption of polluting inputs or products. 
 
26. Emissions taxes have the advantage that the per-unit cost is predictable, and the policy 
does not introduce volatility in the per-unit cost of emissions reductions. For example, a quota on 
coal imports or production would drive up prices in possibly volatile and unpredictable ways, 
whereas a tax would not. The main drawback is that taxes cannot guarantee a target reduction is 
achieved. Rather, these policies only require that those who pollute must pay for each unit of 
pollution they release into the environment, and the reduction is based on market factors such as 
how costly a pollution reduction is to the regulated firms.  
 
Input or Output Taxes Can Act as an Alternative to Emissions Taxes 
 
27. In general, an MBI will be more efficient if applied closest to the point of environmental 
damage. However, when emissions monitoring is impossible, difficult, or costly, taxes may be 
levied on some input or output that is more easily monitored and a good indicator of (or proxy for) 
the pollution to be regulated. When it is difficult or impossible to monitor emissions, taxes may be 
levied on some input or output that is more easily monitored. 
 
28. Taxes on inputs or outputs are sometimes referred to as “presumptive taxes” because, in 
the absence of direct monitoring, the firm that uses a certain input or produces a certain output is 
presumed to be polluting (i.e., fuel taxes or taxes on pesticides). Because monitoring individual 
emissions is often impossible, particularly in developing countries, a presumptive tax could be 
used in place of a direct tax on pollution.  
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Water Pricing 
 
29. Water tariffs are monetary charges associated with the use of municipal water services or 
water resources. Similar in spirit to the emissions tax just discussed, these charges create an 
incentive to reduce excessive water consumption. Water tariffs are commonly used to achieve 
objectives such as cost recovery and water demand management, in addition to addressing equity 
concerns (Cornish et al., 2004; Nauges & Whittington, 2017). The design of water tariffs for 
municipal and irrigation use affects a large number of important issues, including inadequate 
municipal water and sewerage services, inefficient use of irrigation water, and an inefficient 
allocation of water resources across sectors. Challenging aspects of water pricing include (i) 
measuring water use and collecting payment, (ii) selecting appropriate price level and tariff 
structure that balances trade-offs between policy objectives, and (iii) finding the political will to 
increase water prices. 
 
Tradeable Permits 
 
30. Under a system of tradable permits, a central authority allocates a limited number of 
permits to discharge specific quantities of a pollutant in a given amount of time (e.g. one calendar 
year). A firm must have emissions permits to cover all of its emissions, and so the total permits 
across all emitters equals the “cap” set by the regulatory authority. In order to increase its 
emissions, a firm needs to purchase additional permits from another firm, which, in turn, must 
decrease its own emissions accordingly. By allowing firms to buy and sell permits, a market for 
pollution permits is effectively created. 
 
31. This type of emissions trading is commonly referred to as “cap-and-trade,” where a cap 
on total emissions is set and the total number of emissions permits is set equal to the cap. An 
emitting firm needs to hold one permit for every unit of pollution it emits. Allowing trade in these 
permits creates flexibility as to how and where pollution is reduced and can ensure that the desired 
amount of emissions reduction happens at the lowest possible cost. The market also puts a price 
on pollution (the cost of emitting one unit of the regulated pollutant is the cost of the permit).  
 
32. The cost-efficiency of tradeable permits arises when producers have different costs of 
reducing emissions. It is the difference in costs that drives the incentive to buy and sell permits. 
A firm with high costs of reducing emissions has an incentive to purchase permits, and a low-cost 
firm has an incentive to make large pollution reductions and sell some of its permits.  
 
33. The costs of reducing pollution are likely unknown to the regulator. Therefore, pollution 
taxes add a known quantity to the price of emissions while leaving the total amount of emission 
reduction uncertain. In contrast, a tradeable permit system caps the total amount of emissions 
while leaving the costs of achieving that outcome uncertain.  
 
34. There are some drawbacks to a cap-and-trade policy. First, the cost of the policy are 
unknown in advance. Second, transaction costs (e.g. the costs of facilitating trades) can reduce 
the efficiency of a tradable permit system. Third, if emissions cause local damage (in contrast to 
global damage, such as the emissions of greenhouse gases), cap-and-trade could lead to areas 
with concentrated emissions.  
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Establishing Property rights for water 
 
35. Tradable permits for water rights are an example of an MBI that requires creating and 
defining property rights. Water rights require a strong institutional basis as they are intended to 
be traded among landholders. Individual owners require secure rights in order to invest in water 
rights and associated infrastructure. Most water rights confer an entitlement that depends directly 
or indirectly on the amount of water stored in upstream dams. The policy goal of ensuring that 
water is available for the environment and downstream users requires that rights can be clearly 
verified, for instance, through the installation of meters. 
 
Subsidies and Subsidy Reduction 
 
36. Subsidies are forms of financial government support for an activity. In the case of 
subsidizing actions or technologies, the payments are meant to incentivize activities that are 
believed to be environmentally-friendly. For example, rather than charging a polluter for 
emissions, a subsidy may reward a polluter for reducing emissions. However, subsidies are 
relatively expensive, especially in emerging economies where there are other urgent needs for 
public funds. There could also be unintended efficiency impacts; for example, a subsidy for an 
emissions reduction could encourage the entry (or delay the exit) of firms, which could lead to an 
inefficiently large number of polluting firms.  
 
37. Other subsidies may have unintended environmental consequences. Fossil fuel subsidies, 
for example, are especially widespread. These are implemented to decrease consumer prices or 
support trade-exposed sectors by decreasing the cost of energy to firms. Fossil fuel subsidies are 
so common that subsidy reduction is often classified as an environmental policy instrument in 
itself.  
 
Payments for Ecosystem Services 
 
38. In the absence of an intervention, many environmental goods such as ecosystem services 
will be underprovided. In order to incentivize individuals and firms to take on costly conservation 
activities, consumers, producers, investors, and donors in some cases pay individuals or groups 
to protect ecosystems for a well-defined environmental service (Wunder, 2007). Payments for 
ecosystem services (PES) allow the economic value of the services to be captured and create 
incentives for preservation. PES schemes can be seen as an additional tool to protect water 
sources and can be used in conjunction with other measures such as pollution taxes (Defrance & 
Delvaux, 2013). 
 
Information Provision, Labels, and Voluntary Agreements 
 
39. All policy instruments require information to function properly, and disclosure of 
information has come to be seen as an instrument in its own right. Information disclosure can take 
many forms, depending on the degree of interpretation and aggregation of information as well as 
the type of organization responsible for providing the information. Three common types are 
labelling, public disclosure, or rating and certification.  
 
40. Another instrument that builds heavily on information disclosure is referred to as Voluntary 
Agreements (VA), which correspond to a negotiated (and verifiable) agreement between 
environmental regulators and firms. Under VA, a firm agrees to invest or clean up according to 
some standard in order to reduce negative environmental effects. In exchange, the firm may 
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receive some subsidies or some other benefit such as positive publicity, a good relationship with 
the environmental protection agency, and perhaps an expedited review for compliance with other 
environmental regulations. 
 
Hybrid Policies 
 
41. Some policy instruments are combinations of the other instruments. An example of such 
policies is the deposit–refund system, which encompasses a charge on a particular item and a 
subsidy for its return. This instrument can be used to encourage environmentally appropriate 
recycling. The polluters (i.e., those who do not return the item) pay a charge, whereas those who 
do return the item collect a refund and thus pay nothing. Beverage cans and bottles are classic 
examples. 
 
1.3 Factors that Influence the Success or Failure of MBIs 
 
42. The success or failure of any given policy depends on the context as well as the details of 
its implementation. In what follows, we describe the technical and political requirements that affect 
the choice of approach and their success, as well as the expected outcomes from their 
implementation (see Table 3 for an overview).  
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Table 3. Requirements and Strengths of Market Based Instruments 

MBIs Requirements to Establish and 
Implement the Instrument 

Strengths 

Pollution taxes, fees, 
or charges 

Accurate monitoring data on pollution 
levels.  

State capacity to enforce compliance. 

Political acceptance of costs and 
distributional impacts.  

Can encourage the 
internalization of 
environmental costs leading 
to adoption of cleaner 
technologies. 

Cost-recovery for utilities 
and government. 

Water pricing Mechanisms to monitor water use and 
payments.  

Accurate understanding of demand 
elasticities and distributional impacts 
in order to set tariffs 

Increases the efficiency of 
the use of water resources 

Can send a signal to 
customers to use water 
wisely. 

Subsidies  Accurate monitoring data on pollution 
levels. 

Information to facilitate efficient 
targetting. 

Political acceptability. 

 

Can be effective in 
facilitating rapid transitions if 
well targeted. 

 

Tradable permits  Data for initial allocations. 

Accurate monitoring data on pollution 
levels. 

Tracking system to record 
transactions. 

Consistent legal frameworks. 

State capacity to enforce compliance. 

Can encourage the 
internalization of 
environmental costs leading 
to adoption of cleaner 
technologies. Control over 
total level of pollution. 

Hybrid policies such 
as deposit-refund 
schemes 

Accurate understanding of demand 
elasticities in order to set front-end 
charges (deposit) and refunds 
payable when quantities are turned in 
for recycling. 

 

Payment system to facilitate deposit-
returns. 

Little need for monitoring 
when voluntary. 

Low legal, institutional, and 
political barriers.  

Payments for 
ecosystem services 

Identification of baseline pollution 
levels in order to assess additionality. 

Monitoring provision of service. 

Flexibility of application. 

Potential for poverty 
alleviation. 

Information 
provision, labels, 
and voluntary 
agreements 

Reliable and current data on 
compliance with MBIs made available 
to the public. 

 

Enhance compliance with 
MBIs 

Low legal, institutional, and 
political barriers 
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Political Feasibility 
 
43. When an MBI is introduced (or a fuel subsidy is reduced), the stakeholders range from 
powerful interests (such as oil producers) to taxi drivers to households. The public’s perception of 
the fairness of a policy, including its effect on income distribution, is also critically important to its 
political acceptance. Households face (i) the direct cost of paying the tax (or losing a subsidy) if 
they buy fuel for household purposes or small business activity (e.g., taxis); (ii) the indirect costs 
or price increases of other goods (e.g. due to increases in transportation costs); (iii) potential 
benefits from the use of tax revenues; and (iv) benefits of environmental improvements (OECD, 
2006).  
 
44. Studies evaluating the distributional effects of taxes in developing countries have often 
found that the direct effect tends to be income progressive, meaning that the direct burden of 
environmental taxes tend to fall most heavily (as a percentage of income) on higher-income 
groups. However, the overall distributional impact of a tax also depends the use of government 
revenue.  
 
45. An additional concern involves competitiveness and unemployment (EEA, 2016). For 
instance, environmental taxes are said often to increase domestic production costs and 
consequently lead to reduced competitiveness of exports and increased competitiveness of 
imports. However, empirical evidence has shown that taking the lead in implementing ambitious 
environmental policies leads to small adverse effects on competitiveness, trade, and employment 
(e.g., Dechezleprêtre and Sato 2017). 
 
46. Environmental benefits are often pro-poor in developing countries, because poor rural 
households depend heavily on natural resources, and poor urban households are greatly affected 
by pollution. However, while the costs of MBIs may be felt immediately, the environmental benefits 
may only begin to appear gradually over time. 
 
47. In order for an MBI policy to be politically tractable, policy-makers must consider the impact 
of MBIs on sensitive groups such as low-income households as well as the impact on pollution-
intensive, trade-exposed firms. Lower tax rates or exemptions are sometimes put into place to 
limit impacts on such groups. Alternatively, the tax revenues from an environmental tax could be 
used to help those who are most adversely affected. For instance, environmental tax revenues 
could be used to reduce labor taxes or subsidize public transit (since the poorest people are less 
likely to own cars). Shifting the tax burden from labor to environmental objectives may contribute 
to an increase in employment, investment gains, and a more efficient economy, along with an 
environmental improvement, which could counterbalance the competitiveness and equity issues 
and increase the political acceptance of environmental taxes (EEA, 2000).  
 
48. Political acceptance has also been found to be strengthened when there is a public 
understanding of the environmental problem and its impacts. This could be achieved through 
information campaigns and when the taxes are implemented gradually (OECD, 2006). 
Environmental taxes also encourage consumers to shift consumption to less environmentally 
damaging alternatives, which, in turn, encourages firms to shift towards more environmentally 
friendly production technologies (OECD, 2001). 
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1.4 Expected Outcomes of the Application of Market-Based Instruments 
Cost-Effectiveness 
 
49. MBIs are cost-effective approaches to environmental protection because firms are granted 
flexibility to find the least-cost way to achieve a pollution reduction. To see this, it is useful to 
contrast MBIs and traditional regulations such as command-and-control.  
 
50. Consider the case of two neighboring firms that produce similar amounts of pollution. They 
may employ different technologies in the production process, which means that the cost achieving 
a pollution reduction for one firm could be significantly higher than the other firm. A command-
and-control emissions regulation may require each firm to reduce its pollution by an identical 
amount. This pollution reduction, by design, does not come at the least possible cost. 
 
51. On the other hand, an MBI could be designed to achieve the same target pollution level. 
An MBI is designed to encourage firm with lower pollution-reduction costs to reduce pollution 
more than the high cost firm. Rather than equalizing pollution discharges among firms (as with 
uniform emission standards), MBIs equalize the incremental amount that firms spend to reduce 
pollution (their marginal cost). However, this does not imply that the costs of the policy fall 
disproportionately on the low-cost firm.  
 
52. The flexibility of MBIs is critical, because the appropriate technology in one situation may 
be inappropriate in another if one wants to minimize the total costs of meeting an environmental 
target. The structure and variation in the firms’ pollution-reduction costs is, hence, an important 
determinant of the effectiveness of MBIs. In general, the more variation in technologies and costs 
amongst firms, the greater the gains from MBIs relative to traditional command-and-control 
regulations. In short, MBIs are more efficient because they rely on incentives rather than 
mandates.  
 
Dynamic Efficiency 
 
53. MBIs rely on prices and markets to create incentives to reduce emissions. As a result, 
MBIs create an incentive for the private sector to incorporate pollution abatement into production 
or consumption decisions and to innovate in such a way as to continually search for the least 
costly method of abatement. This generates incentives for innovation. In contrast, a criticism of 
command-and-control policies is that firms are only encouraged to reduce emissions to the 
regulated level or to adopt a mandated technology (which can quickly become outdated). With 
market incentives, a firm reduces emissions as long as it is financially beneficial to do so. 
 
Efficacy in Reaching Environmental Target 
 
54. Any MBI should cause a reduction in pollution. If properly designed and implemented, 
MBIs allow any desired level of pollution reduction to be realized at the lowest possible overall 
cost to society. This is achieved through the creation of incentives for firms to reduce pollution, 
and it ensures that the reduction is achieved in the least costly way possible. In addition, by giving 
polluters an incentive to go further and reduce pollution more than required by environmental 
authorities, MBIs may lead to larger reductions of pollution than command-and-control 
regulations. However, the success of an MBI hinges on its design, implementation, monitoring, 
and enforcement. 
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1.5 Review of Evidence of Factors that Influence the Success of MBIs 
Successful Pollution Taxes 
 
55. As discussed above, an ideal pollution tax is set so that the market price (inclusive of the 
tax) equals the marginal external costs associated with the consumption of the good or service. 
However, in practice it can be difficult to identify precisely how large the tax rate should be. The 
informational requirements may be daunting (e.g. abatement costs, the environmental damage 
from pollution, geographical and time-varying conditions, the (ir)reversibility of the environmental 
challenge, and economic conditions of the society (OECD, 2010)). As such, the tax rate will rarely 
be set at the optimal level, yet it may still provide incentives to achieve the desired pollution 
reduction (EEA, 2000). Considerations of political feasibility and revenue raising also become 
critical when determining the tax rate (OECD, 2010). In many cases, however, environmental 
taxes are not set high enough, for similar reasons that cause governments to hesitate to reduce 
subsidies. 
 
56. An environmental tax is more likely to be successful in cases where the regulatory burden 
and administrative costs of implementing the tax are low relative to the revenue generated by the 
tax. These costs tend to be higher for taxes with complex designs. OECD (2001) lists a number 
of factors that may affect the regulatory burden and the administrative costs of a tax: the number 
of taxpayers, the complexity of the tax design (e.g., exemptions, refunds, or tax ceilings), the 
amount of revenues generated, the pre-existence of pollution inventories, and how complicated 
the measuring and monitoring of polluting emissions are.  
 
57. For instance, in order to reduce the regulatory burden and the administrative costs, policy-
makers should take advantage of existing tax structures when designing environmental taxes. 
Furthermore, by targeting emissions that are relatively easy to measure and/or targeting a smaller 
number of taxpayers (e.g., upstream sources), the administrative costs are likely to be relatively 
low. For example, a tax on petroleum products levied on a limited number of petroleum refineries 
would be relatively easy to administer and enforce (OECD, 2006), whereas taxing emissions from 
vehicles would require a great deal of information and administrative burden.  
 
Successful Water Pricing 
 
58. There are three main informational requirements for the implementation and design of 
optimal water tariffs.  
 
59. Water availability and water use needs to be measured at a reasonable cost. This allows 
the water provider to charge the user a fee based on the volume of water used according to the 
set tariff.  
 
60. This requires the presence of cost-effective metering infrastructure and a system of 
periodically reading the meters to assess the total amount of the bill. Assessment, billing, and 
enforcement procedures also need to be carefully designed and implemented to increase fee 
recovery. 
 
61. The long run marginal cost needs to be estimated in order to price water optimally 
(Olmstead & Stavins, 2009). This includes operations- and maintenance costs, capital 
depreciation and replacement costs, opportunity costs, external costs associated with water 
consumption, and quantifying environmental externalities (Global Water Partnership, 2000). This 
may be difficult, as opportunity costs not only vary by place, season, use, time, quality, and 
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reliability, but they also change as water is reallocated between sectors (Cornish et al., 2004). 
The regulatory authority needs to understand how responsive consumers are to changes in 
average and marginal prices (Nauges & Whittington, 2017). 
 
62. Water pricing is a politically and socially sensitive issue, and prerequisites for acceptability 
may relate to affordability or acceptance under fairness considerations (Vollaro, Senante, & 
Viaggi, 2013; Boland & Whittington, 2000). The concept of what is fair varies depending on the 
context and, therefore, deciding who should pay, when, and for what needs to be carefully 
considered during the process of water tariff reform (Cornish et al., 2004; Boland & Whittington, 
2000). 
 
63. The political feasibility of using volumetric water pricing as a tool to curtail demand for 
agricultural purposes faces two main challenges (Cornish et al., 2004). First, farmers can only 
improve management of the water that reaches their fields; in many large surface irrigation 
schemes, this could be as little as 25%. Second, existing water prices are too low to affect the 
quantity demanded; large price increases would have severe impacts on farm income and would 
be politically difficult (Berbel & Gomez-Limon, 2000; Perry, 1995; Ray, 2002; Perry, 2001a).  
 
64. In most rapidly growing Asian cities, there is no excess capacity, and the water tariff should 
reflect the long-run marginal cost of its supply. This price allows for (i) cost recovery for the water 
utility when the long-run marginal cost exceeds the total average cost, and (ii) more efficient use 
of water resources through saving, reduction of wasteful uses, and improvements in allocation. 
 
65. In places where water management reform has occurred, water pricing has been 
implemented alongside other policy changes. As such, the efficacy of water pricing alone as a 
policy instrument has been difficult to assess. In Israel, an “egalitarian tariff system applied at the 
municipal level along with the reform of water management at the national level” led to reductions 
in freshwater use for municipal and irrigation purposes, but was accompanied by an increase in 
desalinated water use (Kan & Kislev, 2011; Vollaro, Senante, & Viaggi, 2013). In California, the 
water budget rate structure led to a reduction in water use, stable cost recovery, fair distribution 
of costs, and generalized social acceptance of the pricing policy (Dinar, 2011). 
 
Successful Pro-Environment Subsidies  
 
66. Compared to taxes, subsidies are generally more politically feasible to implement since 
they can be used as a means for politicians to support certain industries, regions, or households. 
Well-designed subsidies for pollution abatement can provide the same incentives as 
environmental taxes. Since firms are rewarded for reducing pollution, additional pollution implies 
a cost to firms in forgone subsidy receipts (Goulder & Parry, 2008).  
 
67. Environmentally motivated subsidies will not further violate the polluter-pays principle if 
the following situations are true: (i) the subsidy does not create significant distortions in trade and 
investment; (ii) the subsidy is limited to sectors having difficulties with complying with 
environmental requirements; and (iii) the subsidy is limited to a well-defined transition period and 
adapted to potential socio-economic problems (EEA, 2006). 
 
68. Subsidies may be motivated in order to provide financial support for the adoption of new 
clean technologies and development of new clean technologies. During the adoption period, 
financial support is often most necessary in the phase of R&D and in the phase of market 
penetration (EEA, 2006). However, subsidies aimed at a specific technology may reduce 
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incentives for innovation and competition for new technologies. Subsidies also tend to induce new 
firms to enter the market over time, which can result in too many firms, too much resource use, 
and/or increased total pollution (Coria & Sterner, 2011; U.S. EPA, 2004). 
 
Successful Harmful Subsidy Reduction 
 
69. In the case of existing environmentally-harmful subsidies, removal of the subsidy may 
have distributional effects that may need to be compensated for by the government, which can 
affect the regulatory burden. For instance, if energy prices rise due to an energy subsidy removal, 
the price of other goods and services may also rise due to increased production costs arising from 
the higher energy prices. Poor and vulnerable groups may likely be affected more than other 
groups; therefore, governments need to consider some kind of compensation or monetary 
redistribution among groups (Flochel & Gooptu, 2017). 
 
70. Removal of subsidies may, however, be complicated and less politically feasible, even if 
motivated by a number of reasons, such as being environmentally harmful, inefficient, expensive, 
and socially inequitable (OECD, 2005). 
 
71. OECD (2005) lists several common obstacles hindering the political feasibility of reforming 
environmentally harmful subsidies:  

• lack of political will due to strength of specific groups and lobbying;  

• fear of change and false perceptions of the effectiveness of the subsidies;  

• fear of loss of competitiveness and distributional concerns; 

• lack of information of the subsidies’ economic, environmental, and societal effects;  

• legal, administrative, and technological constraints resulting from structural rigidities in 
society or technological challenges; and 

• expectations of continued subsidy programs that may be hard to break.  
 
72. Among these obstacles, a main finding among OECD countries is that increased 
information about the subsidies’ economic, environmental, and societal effects stimulates the 
feasibility of subsidy removal. Moreover, a gradual phasing-out of subsidies can also increase the 
feasibility of the reform (OECD, 2005). 
 
Successful Tradable Emission Permits 
 
73. The informational requirements of tradable emission permits involve the information 
needed for determining the appropriate quantity of permits in an emissions trading system (ETS) 
and are similar to the informational requirements for setting an “optimal” pollution tax. The total 
emissions under an ETS equals the total number of permits. The market permit price is inversely 
related to the number of permits; as more permits are available, the market value of a permit 
decreases.  
 
74. A successful ETS policy requires defining the sector(s) whose emissions will be regulated 
by the ETS; establishing an emissions inventory to create a baseline and a target reduction; 
allocating permits; creating a transparent market for permits; and ensuring compliance.   
 
75. A recent review of design features in ETS programs find that the following characteristics 
are important to achieve a cost-effective emissions reduction (Schmalensee and Stavins, 2017): 

• absence of requirements for prior approval of trade have been found to reduce transaction 
costs of permits by reducing uncertainty and administrative costs;  
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• a cap well below business-as-usual (BAU) emissions is required for a robust cap-and-
trade market;  

• unnecessary price volatility can be avoided by establishing clear rules and providing 
transparent market data on prices;  

• a high level of compliance can be achieved by accurate emissions monitoring and 
significant penalties for non-compliance;  

• providing the possibility for allowance banking can reduce price spikes and collapses and 
increase the gains from trade; and  

• introducing a price ceiling and a price floor (that is, making the system somewhat of a 
hybrid of a cap-and-trade and a tax) generally leads to lower costs and reduced price 
volatility, but it may also result in less certain emissions reductions. 

 
76. In order to achieve a target emissions reduction, the regulatory body can choose the 
number of permits such that demand initially exceeds supply. This can be achieved by choosing 
a total emissions that is lower than the baseline emissions level. As long as there is some cost 
for each firm to achieve an emissions reduction, there will be an incentive to trade in the permit 
market. If there is a surplus supply of permits, there will be no trades and, hence, no prices. This 
undermines the credibility of the system, even if demand over time exceeds supply (EEA, 2005). 
However, for the implementation of a new ETS, the choice of the permit quantity will often end up 
being a political decision, which will take the public and industries’ acceptance into account (EEA, 
2005). 
 
77. A key aspect affecting the political feasibility of a tradable emission permit program is the 
method of initially allocating permits. Permits could be allocated via auction, or allocated for free. 
Often “grandfathering” is used, where the allocation of permits is based on polluters’ past 
emissions levels. Using free permit allocation in previous emission trading schemes has been 
found to build political support, lower direct financial costs, and lessen concerns of reduced 
competitiveness (INTOSAI WGEA, 2016). Free allocation is frequently in the participants’ interest 
and is often necessary in order to secure their support for the implementation of the system (EEA, 
2005).  
 
78. Common concerns related to the implementation of emission trading schemes are the fear 
of emissions leakage and negative impacts on competitiveness. These concerns are also 
common with other policy instruments, but experiences from previous emission trading schemes 
have shown this concern to be especially important. The degree of emission leakage and effects 
on competitiveness depend on the design of the ETS and previous experiences show that trading 
schemes with limited geographical scope have the highest likelihood of such problems, especially 
in the power sector due to interconnected electricity markets. Reducing the likelihood of such 
problems is, therefore, a common issue in the political debate when implementing a new ETS 
(Schmalensee & Stavins, 2017). Attempts to reduce such problems can include an output-based 
updating allocation or the linkage of ETS schemes, which have been found to reduce emissions 
leakage, price volatility, and market power (Schmalensee & Stavins, 2017). 
 
Successful Deployment of Hybrid Policies 
 
79. Combining an environmental tax with an allowance, payment, or refund can be done in 
several ways, and the informational requirements will vary with the type of instrument. For 
instance, the refunding can be either full or partial and it can be based on different variables, such 
as the firms’ emissions, output, or historical values. Additionally, the information required for 
setting an optimal tax rate for regular environmental taxes also applies when the tax is refunded. 
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However, refund schemes often allow policy-makers to set higher environmental taxes due to 
increased political feasibility from using a rebate (Sterner & Isaksson, 2006). 
 
80. Using hybrid policy instruments can be motivated for monitoring reasons. By refunding 
polluters that abate and/or install clean technology, the burden of proof can be shifted from the 
regulators to the polluters. Reporting will be made by polluters that have abated and/or installed 
cleaner technology, whereas those who have not will continue to pollute. Hence, monitoring and 
administrative costs can be reduced for the regulators (Sterner & Isaksson, 2006). 
 
81. Another type of hybrid policy instrument is a deposit-refund scheme, which is mainly 
appropriate when disposal is difficult to monitor, when the products have high value, or when the 
disposal is harmful for the environment (U.S. EPA, 2004). Furthermore, it can also be appropriate 
when the objective is to reduce illegal disposal or when there are significant clean-up costs of the 
product if it ends up in the environment (Stavins, 1998). In such cases, deposit-refund schemes 
can reduce the regulatory burden and administrative costs compared to alternative policies since 
they encourage recycling and prevent waste by rewarding good behavior through the refund (and 
regulators will, therefore, not need to control compliance with the schemes) (U.S. EPA, 2004). 
 
82. A limitation with refund schemes is that, compared to regular taxes, the revenue from the 
charge cannot be used for other purposes since revenues are used to cover the cost of refunds. 
However, refunding increases the political feasibility and often allows policy-makers to set a 
higher charge level than what would be possible for a regular tax. Moreover, the usage of the 
revenues as refunds makes refund schemes revenue neutral and can reduce potential 
distributional issues and facilitate the decision about the charge level (Sterner & Isaksson, 2006). 
 
Successful Payments for Ecosystem Services 
 
83. In order to establish a PES scheme, there needs to be an understanding of the demand 
for- and the supply of ecosystem services.  
 
84. The ecosystem services must be identified (both the service production and where the 
benefits are realized) and delineation of the relevant area (Defrance & Delvaux, 2013; UNECE, 
2007; FAO, 2007).  
 
85. There should be a strong understanding of the processes and outcomes related to the 
supply and consumption of ecosystem services at a local level. This includes land use 
characteristics; opportunities; producer practices, objectives, and constraints; costs and 
environmental outcomes related to current and future land management practices; and how the 
ecosystem service functions (Defrance & Delvaux, 2013). 
 
86. This knowledge and information needs to be shared. These informational requirements, 
along with contract negotiations, form the transaction costs and can be significant (Defrance & 
Delvaux, 2013; Defrance, 2011). 
 
87. Just as PES schemes are context-specific, the actors responsible for the regulatory 
burden also vary. Because payments are contingent upon continuous provision of the service, 
compliance needs to be monitored. This monitoring is usually done by the buyer; in developed 
countries, contracts are backed by a legal enforcement apparatus, but in developing countries, 
this option is usually weak and relies on trust (Wunder, 2007). Furthermore, to facilitate the 
creation of PES schemes and to lower transaction costs, the process for the building a contract 



 

33 

 

for payment for ecosystem services must be set up and transparent such that all stakeholders 
understand what is required for contracting, intermediation, etc. (Defrance & Delvaux, 2013). 
 
88. There are two complicating issues that can affect the dynamic efficiency of PES schemes: 
leakage and permanence. Leakage occurs if a PES scheme finances reforestation of a certain 
area, but deforestation pressures are shifted to a neighboring area (Wunder, 2007). The PES 
scheme’s efficiency, therefore, depends on how large the leakage effect is. Second, the 
permanence of the provision of Ecosystem Services is a question: when payments cease, will 
behavior revert to the status quo? (Wunder, 2007).  
 
89. When used in conjunction with other instruments, PES schemes can increase political 
acceptability of environmental policy. For example, a tax on nitrogen fertilizers faces opposition 
from farmers and fertilizer producers, whereas a PES scheme can be designed to be attractive to 
farmers (Defrance & Delvaux, 2013). 
 
Successful Information Provision, Labels, and Voluntary Agreements 
 
90. There are different types of information instruments and depending on the type of 
instrument and its goal there are different informational requirements. For instance, voluntary 
agreements and information disclosure by polluters do not require a high level of informational 
requirements for the regulator, as it is mainly the polluters that provide the information. However, 
if policy-makers implement green labelling or certifications, they may need information in order to 
decide which products should be included in the labelling or certification (U.S. EPA, 2004). 
 
91. The regulatory burden of information instruments depends on the type of instrument, but 
compared to other instruments, such as taxes or emission trading systems, the regulatory burden 
of information provision is generally low (U.S. EPA, 2004). The success and effectiveness of 
labelling and certification schemes depend on the purchasing decisions of consumers. The 
regulatory burden may, therefore, include some kind of insurance for consumers that the labelling 
or certification can be trustworthy (Whitten, Van Bueren, & Collins, 2003). 
 
92. For voluntary approaches, there can be substantial variation in the regulatory burden and 
administrative costs. For instance, there are negotiations, preparations, and enforcement issues 
that need to be addressed. If insufficient resources are spent up front, the environmental impacts 
are likely to be small (OECD, 2003). Furthermore, if a voluntary approach is combined with other 
instruments, the administrative costs can increase considerably and the credibility of the other 
instruments may be undermined (OECD, 2003). Information instruments often have high political 
feasibility, and there are even examples of “industry self-regulation” (e.g., voluntary adoption of 
an abatement technology) in order to preempt government regulation (Lyon, 2013). 
 
93. Although some voluntary approaches may include mechanisms designed to stimulate 
diffusion of existing technologies, they generally provide weak incentives for innovation (OECD, 
2003), particularly compared to the financial incentives created by a tax or a tradable emission 
permit scheme (OECD, 2003). 
 
94. The efficacy of information provision, labels, and voluntary agreements depends on the 
consumers, as it is up to them to decide whether to purchase environmentally friendly products 
or not. However, according to OECD (2003), the ability of voluntary approaches to reach 
environmental targets is questionable, as the targets may have been reached in the absence of 
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the voluntary instrument. Evidence shows that VAs are most effective when there is a threat of 
implementation of other regulations (Coria & Sterner, 2011). 
 
Successful Use of Multiple Instruments 
 
95. The policy instruments discussed in this chapter can be combined in numerous ways to 
tackle an environmental problem. There are numerous issues involved in how instrument choices 
are made to construct ‘policy tool mixes’ and how policy tool mixes evolve over time. Policies 
often have complex interaction effects, many of which are difficult to anticipate.  
 
96. The deployment of bundles or portfolios of policy tools focuses attention on policy-makers’ 
multiple goals and objectives and the interactive effects that occur when multiple tools are used. 
This is particularly complicated when the policies operate at different levels, cover multiple 
sectors, or are implemented at different times.  
 
97. The MBIs discussed here are typically not implemented in isolation. If there are pre-
existing regulations or multiple objectives, multiple policies may be in place simultaneously. In 
that case, understanding how the policies interact is a key to success. The interaction of multiple 
policy instruments could lead to negative unintended consequences, or the use of multiple 
instruments could be complementary. This is highly context-specific. In Chapter 5, we return to a 
more in-depth discussion of policy mixes and identify this topic as a key priority for future research 
on environmental policy design in Asia. 
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Chapter 2. Market-Based Approaches to Air Pollution in 
Asia  

 
Key Messages 

• Each year, over two million people in Asia die prematurely from illnesses caused by 
breathing polluted air. Indoor air pollution is also a major concern, particularly among 
poor households.  

• Since the 1980s, many countries in Asia have adopted and improved MBIs to combat 
air pollution. Four common types of MBIs are (1) taxes, fees, or charges, (2) green 
subsidies, and reform of harmful subsidies, (3) tradable permits and (4) information 
provision and voluntary agreements. 

• Taxes on pollution typically deliver better environmental outcomes than command and 
control regulations, particularly when taxes can be levied at point sources (such as 
refineries or coal mines).  

• Choosing the right tax level takes time and is critical to the policy’s success.  

• Evaluations of applications of MBIs could help in finding the best instrument in different 
contexts.  

• Setting prices so that motorists perceive the marginal social costs of their travel 
decisions is essential in order to mitigate the overuse of private vehicles. 

• A tax on new vehicle registration discourages car ownership but also encourages 
drivers to hold on to older vehicles, which pollute more than newer vehicles. An 
alternative is lower vehicle registration taxes for cleaner vehicles. 

• “Congestion pricing,” in which drivers pay a fee to enter the city center at peak times, 
can improve air quality by reducing the number of vehicles in the center as well as 
idling time.   

• Subsidies and preferential tax rates for renewable energy have spurred innovation so 
that the costs of solar and wind power have fallen dramatically.  

• To encourage industries to adopt energy-efficient and emission-reducing 
technologies, some countries have provided loan assistance or have reduced import 
duties on new equipment. 

• Subsidies could support financing for small-scale electricity generation, such as Solar 
Home Systems, which provide electricity to rural households not on the grid.  

• Subsidies can be socially expensive and create incentives for corruption. 
Policymakers need to plan ahead to phase them out so that they are only used in the 
short run to spur technology adoption and induce large behavioral changes. 

• Removing fossil fuel subsidies is environmentally sound but politically sensitive. Until 
recently, subsidies for petrol, diesel, and electricity comprised a large share of 
government budgets.  

• Fuel subsidies have benefited higher-income households more than lower-income 
households. Subsidy reforms can also free up revenue to compensate those affected 
by higher fuel prices. Gradual approaches have been successful. 

• Tradable permit schemes for carbon and other pollutants (“cap and trade”) put a limit 
on the total amount of emissions and allow firms to trade the “right” to emit. This 
reduces pollution at least cost, as it creates a monetary incentive for all firms to 
innovate or adopt less-polluting production methods. However, tradable permits are 
seldom used due to the advanced institutions needed.  



 

41 

 

2.1 Sources of Air Pollution in Asia 
 
Air pollution comes from energy production, industry, transport, and household fuel use 
 
98. Each year, over two million people in Asia die prematurely from illnesses caused by 
breathing polluted air, and fine particulate matter (PM2.5) is considered the greatest threat to 
human health (Lelieveld et al., 2015; Yang et al., 2013). The causes and sources of air pollution 
vary by location and season. In PRC, for example, the most important contributor to air pollution 
is coal-burning (by industry and power plants, and for residential heating), accounting for 40% of 
PM2.5 concentrations in 2013. Household solid fuel combustion, of both coal and biomass, is the 
next greatest contributor, responsible for 19% of the mortality attributable to ambient PM2.5. In 
India residential biomass burning is the largest individual contributor to ambient air pollution, 
accounting for about 25% of PM2.5-attributable deaths in 2015, while coal combustion from 
industrial sources and thermal power plants is responsible for 15.5% (GBD MAPS Working Group, 
2018).  
 
99. PRC and India host some of the most polluted cities in the world (Figure 1). The average 
annual exposure to fine particulate matter in cities like New Delhi, Patna, and Ahmadabad in India 
and Shijiazhuang and Tangshan in PRC are ten times higher than the WHO guideline of 10 μg/m3 
annual mean.  
 

Figure 1. Average Annual Outdoor PM2.5 Concentrations in Selected Urban Areas 

Sources: WHO (2016); Demographia (2017); World Bank (2018). Adapted from OECD/IEA (2016) 

 

100. While average annual exposure to fine particulates is lower in Southeast Asia than in East 
and South Asia, enforcement of regulations is still limited and concentration limits are higher than 
WHO guidelines. Air pollution levels in Southeast Asia are shown in Table 4, where it can be seen 
that Lao PDR, Cambodia, and Viet Nam had the highest levels of PM2.5. 
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Table 4. Environmental Indicators in Asian Countries 

Country 

Indicator 

Access to 

clean 

fuels or 

technologi

es 

for 

cooking 

(% 

populatio

n) 

Electricity 

productio

n from 

coal 

sources 

(% total) 

CO2 

emissions 

(metric 

tons per 

capita 

2014) 

PM2.5, 

mean 

annual 

exposure 

(mg/m3 in 

2015) 

% 

Populatio

n 

exposed 

to levels 

exceeding 

WHO 

PM2.5 

guideline 

East Asia 

PRC 57 73 7.5 58 100 

Mongolia 32 92 7.1 24 92 

Southeast Asia 

Cambodia  13 28 0.4 29 100 

Indonesia  57 53 1.8 15 89 

Lao PDR  4.6 ---- 0.3 33 100 

Malaysia  100 38 8.0 16 87 

The Philippines  45 43 1.1 23 100 

Thailand  76 22 4.6 26 100 

Viet Nam  51 24 1.8 28 100 

South Asia 

Bangladesh 10 2.0 0.5 89 100 

Bhutan 68 ---- 1.3 56 100 

India 34 75 1.7 74 100 

Nepal 26 0 0.3 75 100 

Pakistan 45 0.2 0.9 65 100 

Sri Lanka 19 26 0.9 30 100 

Developed Countries 

OECD 98 32 9.5 15 66 

Source: World Development Indicators (2017) 

 
101. Indoor air pollution is a killer in poor households, both in rural areas but also in urban 
slums. Particulate matter is released due to cooking with biomass (wood, charcoal, and dung), 
heating with biomass and coal, and kerosene lighting. In Southeast Asia, for instance, more than 
45% of the population has no access to clean cook stoves (OECD/IEA, 2016). In India and PRC, 
43% and 30% of the population, respectively, were exposed to household air pollution from solid 
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fuel burning in 2016 (Health Effects Institute, 2018). In urban and wealthier areas, the use of 
cleaner fuels such as liquefied petroleum gas (LPG) is more common. However, poor households 
generally cannot afford cleaner fuels, even in urban areas where these are more readily available.  
 
102. Pollutant emissions have increased with the very rapid growth in energy demand seen in 
recent years. This is partly because of population and economic growth, but it is also due to the 
lack of stringent regulations related to fuel quality, energy efficiency, and post-combustion 
treatment technologies. Indeed, the energy sector accounts for a very high proportion of some 
key pollutants: sulfur dioxide (SO2) and nitrous oxide (NOX) emissions are almost entirely 
attributable to energy production and use, as well as some 85% of particulate matter (OECD/IEA, 
2016).  
 
103. To address air pollution, Asian countries, like most countries in the world, initially adopted 
command and control regulations. Since the 1980s, an increasing number of countries in Asia 
embarked on a course of adopting and improving MBIs, as shown in Table 5. In the next section, 
we review the application of market-based instruments on three main sources of air pollution: 
energy production and industries, transport, and domestic heating and cooking. The four types of 
market-based instruments used to address these sectors in Asian countries include (1) taxes, 
fees, or charges, (2) subsidies and subsidy reduction, (3) tradable permits and (4) information 
provision, labels, and voluntary agreements. 
 

Table 5. Overview of Current Use of Market-Based Instruments for Air Pollution in Asia 

 

Market-Based 

Instrument 

Energy 

Production and 

Industrial 

Pollution 

Transport 

Domestic 

Cooking and 

Heating 

Taxes, Fees, or 

Charges 

PRC, the 

Philippines 

Bangladesh, PRC, 

India, Lao PDR, 

Malaysia, Nepal, 

the Philippines, 

Thailand, Viet Nam 

 

Subsidies 

 

 

 

 

Tradable Permits 

Bangladesh, PRC, 

India, Indonesia, 

Malaysia, the 

Philippines, 

Thailand, Viet Nam 

PRC, India, South 

Korea 

PRC, Malaysia, 

Thailand 

Bangladesh, 

Cambodia, 

Indonesia, Lao 

PDR, Mongolia, 

Nepal, Viet Nam 

Information 

Provision, Labels, 

and Voluntary 

Agreements 

PRC, India, 

Indonesia, 

Malaysia, the 

Philippines, 

Thailand 
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Pollution is affected by technology and fuel choices 
 
104. As PRC’s growth slows and becomes less energy-intensive, India is expected to become 
the most dynamic country affecting global energy demand (IEA, 2017). India has over one-sixth 
of the world’s population today but uses only 6% of global energy. The scope for rapid expansion 
in India’s energy consumption is clear and given the importance of coal, biomass, and oil in India’s 
current energy mix (44%, 24%, and 23% of total energy demand, respectively), there is a risk that 
air quality may worsen.  
 
105. Countries in Southeast Asia all have different power systems, but they all expect strong 
growth in electricity demand over the next decades—the region is projected to triple its power 
demand by 2040. Moreover, though natural gas is the dominant fuel in power generation in 
Southeast Asia today, coal is expected to become the number one source of power by 2020 due 
to the low-cost coal reserves in the region, especially in Indonesia and Viet Nam (OECD/IEA, 
2016). 
 
106. In terms of industry, brick kilns across South Asia are important contributors to air pollution. 
Most of the bricks that are made are fired in artisanal kilns that pump pollutants into the 
atmosphere, posing a health threat to brick workers, surrounding communities, and populations 
farther afield. Because brick production keeps pace with population growth, its environmental 
health impacts are likely growing throughout Asia. In 2013, PRC was the top producer with an 
estimated annual output of 700–800 million bricks. Chinese manufacturing, however, is 
increasingly dominated by modern technologies, which have lower emissions rates. 
 
As urban populations grow, vehicle use increases 
 
107. Internationally, transport accounts for the largest share of energy-related emissions of 
NOX (50%), followed by industry (26%) and power generation (14%). PRC is a notable exception 
with industry being the largest source of NOX (OECD/IEA, 2016). This trend is reversing, though, 
since 60% of the increase in total NOX emissions experienced in PRC since 2005 came from the 
rapid growth in road transport emissions, with car ownership rising from 15 cars per 1,000 
inhabitants in 2005 to nearly 100 cars per 1,000 inhabitants in 2016 (OECD/IEA, 2016). 
 
108. Air pollution from transport is rising due to the sharp increase in vehicle use, which has 
offset efforts to make fuels and vehicles cleaner. Low- and middle-income countries in Asia have 
a lot of old and inefficient diesel vehicles and two-stroke engines and a lack of public transport 
networks. Asia has the largest motorcycle fleet in the world, providing transportation for the 
expanding working class. Frequent traffic congestion adds to urban air pollution since slower-
moving traffic results in higher emissions per kilometer.  
 
Indoor air pollution is caused by burning coal, charcoal, wood, dung, and kerosene  
 
109. More than half of the global energy-related PM emissions come from the residential sector. 
The regional picture is heavily skewed towards Asia (PRC and India, in particular), with 80% of 
the global total. The PM emissions are mainly due to incomplete combustion of fuels in 
households, particularly for cooking (bioenergy), heating (bioenergy and coal), and lighting 
(kerosene). In India, residential biomass burning is the largest individual contributor to ambient 
air pollution, accounting for about 25% of PM2.5-attributable deaths in 2015. In PRC, it is the next 
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greatest contributor to ambient PM2.5, responsible for 19% of the mortality attributable to ambient 
PM2.5 in 2013 (GBD MAPS Working Group, 2018). 
 
110. Estimates indicate that in 2013, exposure to ambient and indoor air pollution cost the 
world’s economy some $5.11 trillion in welfare losses due to fatal illness. In terms of magnitude, 
welfare losses in South Asia and East Asia were the equivalent of 7.4% and 7.5% of the regional 
gross domestic product (World Bank, 2016). Indoor air pollution from cooking with solid fuels was 
the biggest cause of losses in South Asia, while losses in East Asia were largely caused by 
ambient air pollution from fine particulate matter (World Bank, 2016). 
 

2.2 Review of MBIs Addressing Air Pollution in Asia 
 
There is a need for more studies of the results and long-term efficiency of MBIs 
 
111. This section provides a synthesis of a review of the use of MBIs to address air pollution in 
Asia. Overall, tradable permits have received more research attention than more commonly used 
MBIs such as taxes and subsidies, and short-term efficiency has received more attention than 
long-term impacts (dynamic efficiency) of the policies. Table 6 summarizes the number of studies 
in the systematic review that focus on the different policy instruments and evaluation criteria 
described in Chapter 1. For tradable permits, quantitative studies focus mainly on the evaluation 
criteria of static (short-term) efficiency, regulatory burden, and informational requirements, and 
there are few studies evaluating policies after they have been implemented. Most of these studies 
have been focusing on the use of tradable permits in PRC. Further, few studies use quantitative 
methods to evaluate the actual effect of the policies in place. In particular, the use of regression 
analysis methods, which account for the many factors that might influence the outcome of the 
application of policy instruments is rare, likely due to a lack of data. There is very little analysis of 
long-term efficiency, which is surprising given that a major selling point for MBIs is that industries 
and consumers change their behavior over time in response to price signals. 
 

Table 6. Number of studies in the systematic review that focuses on the different policy 

instruments and evaluation criteria 

 

Note: The colors of the bubbles refer to different types of studies (e.g. blue bubbles show the number 

of quantitative studies) and the size of the bubbles shows the number of studies (e.g. the smallest 

bubbles show that there are between 1-10 studies).  
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2.3 MBIs for Pollution from Energy Production and Industry 
 
MBIs can reduce pollution from point sources 
 
112. MBIs are likely to work well at reducing pollution from large-scale sources such as energy 
plants and large industries. These are “point source” polluters, meaning that there are only a few 
large sources of pollution that are relatively easily monitored. For electricity production, sources 
of energy can be taxed to discourage its use (e.g. taxing coal) or subsidized to encourage its use 
(solar) according to their social cost. Energy and industrial production tend to be heterogeneous 
(varied) in their production methods, so some firms can reduce pollution more cheaply. This 
means there are efficiency gains from MBIs relative to command-and-control regulations.  
 
2.3.1 Taxes, fees and charges put a price on polluting activities 
 
113. Taxes and subsidies are two ways of altering the market price of activities with 
environmental externalities: taxes increase the price of an activity and subsidies reduce the price. 
Reducing taxes for cleaner goods (such as less-polluting cars) and reducing subsidies for 
polluting goods (such as gasoline) are commonly-used MBIs. Tax and subsidy levels need to be 
continuously adjusted to reflect changing and often conflicting goals. For example, policy-makers 
may wish to create incentives for fewer and less-polluting vehicles in cities, while ensuring mobility 
for growing urban populations. 
 
114. Taxes, charges, and reducing fossil fuel subsidies can typically deliver better 
environmental outcomes than command and control regulations. The use of tax instruments has 
been more widely used in OECD countries than in developing countries in Asia. In Sweden, for 
instance, a tax on NOX significantly increased the adoption of abatement technology (OECD, 
2013). Similarly, carbon taxation (levied mainly on large industries) has led to significant 
reductions of emissions in several countries in Europe (EEA, 2000).  
 
Taxes have the potential to incentivize enforcement 
 
115. In many developing countries, environmental regulations may be weakly or selectively 
enforced due to offsetting behavior by vested interests. For example, the enforcement of 
environmental regulations could deplete the tax base of local governments if the profitability of 
the regulated industry is impacted by the regulation. For example, PRC replaced pollution charges 
with pollution taxes effective in January 2018. Previously, when local environmental bureaus in 
PRC were responsible for collecting pollution charges, those charges reduced the taxable 
revenues of local industries, which reduced the tax base available for local governments. In 
response, local leaders often sheltered corporations from pollution charges (Ge et al., 2017). 
Under the pollution charge policy, revenues from the environmental tax go entirely to local 
governments, which creates an incentive for local enforcement. To safeguard the enforcement, 
this process has been accompanied by the centralization of emissions data management (which 
is now controlled and verified by upper level agencies) and by mandatory local implementation of 
national control policies (Jin, Andersson, & Zhang, 2016). 
 
116. Where pollution monitoring and enforcement capability is weak, taxes on inputs/outputs 
can be an effective alternative to reduce pollution. A major advantage of fuel taxes is that they 
can be collected with little additional administrative burden. Fuel taxes can have significant impact 
on emissions, especially when combustion of the fuel is highly correlated with the pollutant of 
interest. 
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Getting the price right can be a long process 
 
117. In 1979, pilot provinces in PRC began imposing pollution charges on all emissions 
exceeding a regulatory standard. Since 2003, emissions charges have been levied on all 
emission. However, the charges for SO2 and NOX were much lower than the cost of reducing 
these pollutants, so companies found it cheaper to simply pay the charge (Zhu, 2015). Pollution 
charge rates increased from 2000 to 2015, but not enough to reduce emissions substantially.  
 
118. Take the power industry in Shanghai as an example. In 2014, the pollution charge rate 
was 1.26 yuan per kilogram for SO2 and NOX, but the cost of these pollutants amounted to 8 and 
9 yuan per kilogram respectively. As a result, the industry’s NOX emissions kept rising despite the 
increases in the pollution charge rate (Chen & Li, 2017). Therefore, in 2014, the base charge was 
doubled, and the charge was again doubled or tripled if the concentration or amount of pollution 
(or both) exceed standards. Economically advanced and seriously polluted regions are 
encouraged to set higher base rates. In 2019, it is expected that the charge rate will finally come 
close to typical emissions reduction costs. 
 
Pollution tax revenues can compensate vulnerable parts of society  
 
119. Tax revenues can be directed to ensure that vulnerable populations are not overly 
burdened by the environmental policy. For example, a hybrid tax-subsidy could be used, or 
revenues could be used for directed investments. Hybrid policies to control air pollution are 
common in OECD countries but not yet in Asia.  
 
120. A two-part policy can be implemented, where taxes are placed on emissions, which 
creates an incentive to reduce pollution. The revenues are then refunded back to polluters, which 
can increase the political feasibility of the policy while still achieving the desired level of 
abatement. This may seem counterintuitive, but the tax creates an incentive to reduce emissions, 
while the subsidy (when distributed evenly) ensures that the regulated industry still maintains 
some level of profitability.  
 
121. In OECD countries, about one-third of the environmental taxes have revenues that are 
earmarked for particular purposes such as improved infrastructure, recycling systems, or 
environmental purposes (OECD 2006). For example, the Swedish charge on NOX emissions from 
large combustion plants was first levied in 1992; the revenues from the charge are repaid to the 
taxpayers in proportion to the amount of energy they produce. This scheme has been very 
effective in reducing NOX emissions per unit of energy produced, with an estimated reduction of 
more than 50% between 1992 and 2010 (OECD, 2013).  
 
2.3.2 Subsidizing Clean Energy and Industrial Production 
  
Subsidies are common: they are generally more politically feasible to implement since 
they can be used as means to support certain industries 
 
122. Subsidies for renewable energy and cleaner industrial production have been implemented 
in several Asian countries. Similarly, preferential tax rates operate similarly; like subsidies, they 
can reduce the price of cleaner energy sources.  
 
123. In many respects, subsidies to promote cleaner production have been very successful. 
For instance, costs of solar and wind power have fallen dramatically (International Renewable 
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Energy Agency, 2018). However, subsidies can also be expensive and lead to corruption. 
Moreover, if subsidies are paid to unnecessary plants or continue after the new technology is 
competitive on its own, a problem of overcapacity arises. Therefore, when adopting subsidies, 
policy-makers need to plan ahead to phase them out when specific goals are achieved. 
 
124. Another role for subsidies is to provide financing for small-scale electricity generation at 
the household or local level. For instance, subsidies for solar home systems offer the added 
benefit of providing rural electrification.  
 
125. Phasing out subsidies for electricity consumption can send both households and business 
price signals to encourage conservation. Reducing or removing subsidies works best when done 
gradually, with communication and transparency, including clear messages about fairness in how 
the revenue saved will be used. 
 
Subsidies can encourage generation of electricity from renewable sources 
 
126. Subsidies for renewable electricity sources (including preferential tax rates) can provide 
incentives to shift away from dirty electricity generation. Since utilities are typically either publicly 
owned or heavily regulated, there is scope for the government to procure energy from a desired 
energy source. Procurement of renewable energy has been pursued in many countries, including 
Asia, to reduce pollution in the energy sector by wholesale substitution of polluting energy 
sources. Procurement policies can take two basic forms: (1) a fixed price, such as a feed-in tariffs, 
or (2) fixed quantities, which allow prices to be market determined. A classic fixed quantity policy 
is a reverse auction, where sellers bid below each other in order to provide electricity.  
 
127. Subsidies to renewable energy have induced the sector’s rapid expansion. A feed-in tariff 
(FIT) is one such subsidy. A FIT guarantees that utilities will buy electricity “fed in” from renewable 
sources at a price (tariff) that creates incentives to develop renewable technologies until they can 
compete in the market without a subsidy.  
 
Feed-in tariffs have been common but reverse auctions are even more efficient 
 
128. A fixed-rate uniform FIT guarantees a predetermined uniform price that all suppliers 
receive for the energy they generate, and there is no price competition. It is not easy to set the 
subsidy rates at the right levels, as the actual cost of renewable energy production is usually 
withheld by producers as private information (International Renewable Energy Agency, 2016). 
 
129. In contrast, reverse auctions (in which sellers bid for the prices at which they are willing to 
sell) introduce competition and push prices down toward production costs (Azuela et al., 2014; 
IRENA, 2018). In India, for example, the National Solar Mission implemented reverse auctions for 
25-year fixed price contracts beginning in 2010. This has proved remarkably successful, with 
capacity growing from 30 MW in March 2011 (Central Electricity Authority, 2017) to 24,000 MW 
in June 2018, and prices are now at the lower end of the global range (Prateek, 2018). 
 
130. FIT schemes and other subsidies to renewable energy sources have been implemented 
in PRC, Indonesia, the Philippines, Malaysia, India, Nepal, Sri Lanka, Thailand, and Viet Nam. 
For instance, the Indian government has set up FIT for wind, solar photovoltaic, solar thermal, 
wind, biogas, small-scale hydropower, and biomass energy, starting in 2013. Box 1 shows a brief 
case study on India’s feed-in tariffs and reverse auctions for solar power, while Table 7 discusses 
some other FIT experiences in Asia. 
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Box 1. Case study: Feed-in Tariffs and Reverse Auctions for Solar Power in India 

Context and description of the problem/application: India has a significant ability to use 
solar power for electricity generation but is still heavily dependent on non-renewable fuels, 
particularly coal. Generating electricity from solar energy has become increasingly cheap and 
produces no emissions, unlike coal, which is severely polluting. Under the Jawaharlal Nehru 
National Solar Mission (JNNSM) launched in 2010, 100GW of electricity is to be produced 
using solar power by 2022. How this goal will be met is an open question. 
 
Description of the policy instrument: Two methods have been used to stimulate solar-
based electricity generation: feed-in tariffs and auctions. Feed-in tariffs are payments by 
distribution companies to suppliers of solar power that are decided on by a regulatory body. 
The price is fixed and suppliers decide the quantity they wish to supply. Under auctions, the 
government agency fixes the quantity of electricity to be bought and firms submit bids 
representing the price at which they are willing to supply solar-based power to the grid. 
 
Main findings related to criteria: Both instruments involve a high level of knowledge. Tariffs 
require the regulator to calculate financial and operating costs, capacity utilization factors, 
and the duration of the tariff; auction design must contend with establishing a ceiling price, 
the total quantity to be auctioned, the number of suppliers, and the process of selecting 
suppliers. The regulatory burden under the auction is comparably lighter at the contract award 
stage, while higher at the contract execution stage, as suppliers may not build what they 
committed. Politically, the push toward renewables is gaining strength, but resistance from 
coal mining-dependent regions should be expected. 
 
Experience has shown that auctions are much more cost effective in the short run, resulting 
in prices that are roughly half of those under the tariff. Dynamically, however, auctions could 
be problematic; bidders may be too optimistic or aggressive in their bidding behavior, which 
may affect the ability of the suppliers to honor their commitments. In addition, the total 
capacity auctioned is often less than the capacity put up for sale. Tariffs are also unlikely to 
be efficient dynamically, as they require regulators to estimate not just the level of prices, but 
also the change in the level over time. Auctions are gaining in popularity across India, while 
tariffs have only worked in one state, thus suggesting auctions are better able to reach the 
environmental target. Possibly the biggest hurdle appears to be the financial health of the 
state distribution companies. 
 
Generalizable findings: Auctions appear better than a regulator-designed tariff in 
discovering prices, subject to the caveat that a winner’s curse may operate. Dynamically, 
auctions avoid the lag induced by periodic tariff revisions under a regulator-designed tariff. 
Auctions almost certainly imply a lower informational burden on the regulators’ part. However, 
the burden shifts over to auction design and follow up after the auction is carried out, rather 
than carrying out periodic tariff revisions. 
 
Politically, auctions are increasingly popular worldwide, as they are viewed to be relatively 
free from corruption or nepotism. Economically, solar is competitive with coal and natural gas. 
These factors will help auctions scale. The only hurdle politically appears to be how 
entrenched the suppliers of traditional fuels are in the political system. 
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Subsidies, such as feed-in tariffs, require plans for future phase-out 
 
131. In 2017, the cost range of solar power generation in PRC and India was within that of fossil 
fuel-fired electricity generation (International Renewable Energy Agency, 2018). However, the 
rapid decline in costs is confined to power generation, not storage or transmission. This results in 
the problem of curtailment, where a renewable energy plant does not produce at full capacity, or 
produces power that is wasted. This occurs for several reasons. Wind and solar are intermittent 
sources, and storage technology is underdeveloped. Similarly, the spatial distribution of 
generation matters; while one region may have abundant sunshine or wind, it can be too 
expensive to transmit electricity to distant consumers. Therefore, incentives should be 
increasingly directed to research and development activities and infrastructure investments for 
storage and transmission (International Renewable Energy Agency, 2018).  
 
132. In most countries, the introduction of dedicated agencies to coordinate installations and 
the roll out of feed-in tariffs have led to a significant and prompt growth in the corresponding 
technologies. However, differences in the design of feed-in tariffs explain different rates of 
success. Concerns about the long-term stability of the political situation can create uncertainties 
for potential investors. In addition, other uncertainties or lack of information (about rates, periods 
of payment, and the digression rate—lowering the tariff over time) may all deter private 
investment.   
 
Feed-in tariffs have led to new investments in renewable energy 
 
133. Feed-in tariffs in Asian countries have been set high enough to attract private investment 
in diverse forms of renewable energy. Nevertheless, existing programs could be improved. In 
addition to improvements in design (which would enhance efficiency), feed-in tariff schemes at 
the household level tend to mainly benefit individuals with higher income, so there could be 
distributional concerns. 
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Table 7. Feed-in Tariffs – Selected Examples 

Country Description Comments 

Thailand  The “adder” is a premium for 
renewable energy. It is available 
for 10 years for wind or solar and 7 
years for other renewables. It is 
paid for as part of a fuel price 
volatility adjustment charged to 
consumers. As one of the oldest 
FIT schemes in Asia (2006), it has 
been modified several times to 
address various challenges. 

Favorable rates and a streamlined 
process led to infeasible and speculative 
applications (i.e., intended for resale). In 
response, a bid bond was required. 
Even so, solar applications exceeded 
targets. The premium to solar producers 
was reduced and a feasibility 
assessment process introduced. 
However, the assessment process has 
been criticized for subjectivity, delay, 
and lack of transparency. 

 
PRC First FIT for solar in 2011. Revised 

in 2013 to set different rates for 3 
zones based on solar availability. 
2016, a price floor was set for all 3 
zones, to be reduced in 2017 to a 
level lower than the 2011 rate and 
again differentiated by zone. Local 
governments are encouraged to 
develop their own subsidies, tax 
reductions, etc. Since 2013, wind 
and bioenergy have also been 
subsidized. 

PRC became the world’s largest 
producer of solar and wind power in 
2015, but the subsidies took money from 
education and health. While the cost of 
producing solar dropped by 90% 2009-
16, the subsidy was reduced only 30%.  
Much of the power is “curtailed” (doesn’t 
reach consumers) because utilities 
prefer more predictable sources; storage 
technology and transmission 
infrastructure are undeveloped; and 
solar/wind-poor provinces prefer building 
their own economies to importing from 
their neighbors. There are “ghost plants” 
and a black market for permits to build 
solar.  

 
Viet Nam Incentives for renewable energy 

include (1) loan guarantees and 
loans below market rates (2) 15-
year reduction in corporate income 
taxes and import duties exemption, 
(3) FIT market price support and 
regulation; (4) other subsidies such 
as preferential access to public 
land. 

Despite the introduction of the FIT in 
2011, there were only four wind power 
plants in operation by 2017, which only 
accounted for about 0.4% of the 
country’s total installed power capacity 
in 2015. The chief barrier is expensive 
upfront investment and limited financing 
channels, including high interest rates. 

 
Nepal FIT have been offered to small 

hydro plants, and, as of 2016, 
small solar plants. Also, hydro, 
solar and bioenergy suppliers are 
exempt from corporate tax in the 
first 10 years, and the tax rate is 
halved in the next five years. There 
is also assistance with capital cost. 

The emphasis on small-scale renewable 
sources ties in with rural development, 
by providing lighting to increase work 
and study hours.  

Mongolia 100,000 solar homes’ program in 
2004-2008 targeted nomadic 
households  
2011 Pilot: 21 urban households 
received 70% subsidies to install 
solar panels. 

Previously, the nomadic households did 
not have access to electricity at all.  
Urban pilot: without the subsidy, 8-10 
years to recover the cost (7.5 million 
MNT or $5,350) by energy savings.  



 

52 

 

 
Night electricity tariffs are reduced 
by 50% for households who install 
renewable energy systems. 

Sources: Thailand: Tongsopit & Greacen, 2013; PRC: Winston & Strawn, 2014 and Wang  et. al, 
2016. Viet Nam: Luong, 2015; Danish Energy Agency, 2017. Nepal: Gippner et al., 2013. Mongolia: 
Tsevegjav, 2013.   

 
 
Other forms of Subsidies 
 
134. Import duties can be reduced to promote the use of equipment to reduce pollution or to 
produce renewable energy. 
 
135. Low-cost loans can be made available to finance renewable energy projects.  
 
136. Microloans to rural households can make small-scale renewable energy feasible.  
 
2.3.3 Tradable permits 
 
An effective tradable permits program requires a strict cap for total emissions, strong 
institutions, and a sufficient number of firms.  
 
137. PRC, India, and South Korea are the only Asian countries that have implemented tradable 
permit schemes (see Table 8). Lessons from tradable permits suggest that the following 
characteristics are important for success: 

• An effective tradable permits program requires local enforcement.  

• There could be efficiency gains from broadening the scope (either geographically or by 
adding sectors) of the regulated firms (Chen and Xu, 2017).  

• International evidence shows that permit markets operate most effectively when 
transactions costs are kept low (EEA, 2005). 

• Participants should understand the rules with certainty so that they can plan accordingly 
(Schmalensee & Stavins, 2017).  
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Table 8. Tradeable Permits 

Country Permit Scheme Comments 

PRC 1994: local air pollutant 
emission trading in six cities, 
targeting SO2 and particulates.  
2002: SO2 expanded to more 
jurisdictions. 
2006: trading of NOX and more 
regional programs. 
2011: carbon cap and trade 
pilots 
2020: national carbon CAT 
planned 

1990s: isolated trades to meet local 
environmental regulations.  
2001-2005: total trading volume accounted 
for 1% of the planned emission reduction 
target.  
Overall, there is no mature market to set 
prices, and trading is thin. There is a lack of 
reliable data on actual emissions reduction. 
Where cap is less restrictive, permits are less 
valuable. In provinces where permits are 
auctioned, the authorities keep the auction 
revenue and therefore have an incentive to 
set restrictive emission caps. Trading across 
provinces and expanding the participants 
could strengthen the markets. 

 
India In several cities, central and 

state agencies set caps for 
NOX, SOX and particulate 
matter, and allow industries to 
self-regulate so that pollution 
does not exceed cap. Firms 
that emit excess can buy 
permits from firms that exceed 
targets. 
Renewable Energy Certification 
(2011): energy providers are 
subject to RE obligations, 
which can be traded through 
the energy exchange 
Perform, Achieve and Trade 
(PAT) 2012, was intended to 
enhance energy efficiency in 
energy-intensive industries. 
High energy users are 
identified and then can either 
reduce energy, buy tradeable 
certificates, or pay a fine.  

 

RE Certification: trading in 2011-2012 
indicate that industry confidence has built up. 
However, the limited number of players, low 
transaction volume, and infrequent trading 
have led to a shallow market and hence the 
lack of an optimal price. 
PAT: The targets are not strict enough to 
create additional energy savings beyond 
those that would be expected due to rising 
energy prices. Also, the fines may be too low. 
On the positive side, PAT has increased 
awareness around energy efficiency. It is 
expected to build the required infrastructure 
for future success, provided the targets 
become more stringent with time and 
penalties are set high enough to incentivize 
firms to participate in trading and install 
energy conservation measures. 

South 
Korea 

National Emissions Trading 
Scheme (KETS), 2015, a cap 
and trade scheme to fulfill the 
carbon reduction pledge. The 
first phase enrolled over 500 
firms accounting for 68% of 
total emissions.  

The ceiling seems to be above the total 
emissions of participating firms in 2014, 
although this may not take into account 
industrial growth in 2015. By 2016, 290 firms 
held surplus permits, and most of them bank 
their surplus permits. Other firms borrowed 
permits from the next year. Participating 
firms’ total emissions in 2015 amounted a 
level below the emissions cap  
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Sources: PRC: Liu, 2009; Tao & Mah, 2009; Wang et al., 2014. India: REC: Kumar & Agarwala, 2013; 
PAT: Bhandari & Shrimali, 2017. South Korea: International Carbon Action Partnership, 2016; Suk, 
Lee, & Jeong, 2017. 

 

138. International experience suggests that the price signal in most existing cap-and-trade 
schemes so far has been low and volatile, and it has not induced any major behavioral changes 
from firms or consumers (Borghesi & Montini, 2016; Narassimhan et al., 2017). This is largely due 
to caps that are not stringent enough, which induces a low permit price. This is not a design failure 
of tradable permits, but instead a lack of an ambitious environmental goal.  
 

Box 2. Case study: Seven Pilot Carbon Emissions Trading Schemes in PRC 

Context and description of the problem/application: At the Copenhagen Climate Summit 
in 2009, PRC committed itself to reduce the country’s carbon emissions per unit of GDP by 
40%-45% by 2020 relative to the 2005 level. This climate target, together with other ambitious 
targets for energy conservation and pollution abatement, have been incorporated into PRC’s 
Five Year Plans and become domestically binding. These developments have likely provoked 
a power contest among government departments in the form of adopting innovative policy 
instruments. In this context, carbon emissions trading pilots were launched by the National 
Development and Reform Commission (NDRC) of PRC, the country’s ‘super ministry’ that 
oversees the formulation and execution of national economic policies, including climate 
policies. 
 
Description of policy instrument: These carbon emission trading pilots can be characterized 
as a ‘tradable performance standard’ scheme. Firms whose carbon emissions per unit of 
output are higher than a predetermined standard would be required to purchase additional 
emissions permits, whereas firms that emit at a lower rate than the standard would be eligible 
to generate and sell surplus emissions permits. These pilots were launched in 2013 in five 
major cities and two provinces. A number of carbon-intensive sectors were covered, such as 
electricity and heating, iron and steel, and cement making. Affected firms were jointly 
responsible for 36%-60% of the pilot regions’ total carbon emissions. 
 
Evaluation: Quantitative research (Chen & Xu, forthcoming) of the seven pilot markets in the 
PRC finds that they have had different emissions reduction achievements. While the 
reductions in three provinces added up to 100 million tons in 2015, the Tianjin market has yet 
to induce a significant reduction of carbon emission. These pilot carbon markets are thin, 
featuring limited trading volume and transactions. The allowed volume of carbon emissions is 
probably too high, which has likely undermined the scarcity of emissions permits and is thus 
unable to induce adequate transactions and market prices. Further, the pilots perform better 
in provinces where emissions permits are allowed to be auctioned by authorities. Auction 
revenues may have incentivized local authorities to develop restrictive emissions caps and 
functional carbon markets. 
 
Lessons: Restrictive emissions caps are vitally important for the performance and efficacy of 
emissions trading. This could be better achieved by allowing local government bodies to 
benefit from a functional emissions market, such as allowing them to auction off emissions 
permits and obtain the revenues. 
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139. In addition, allowance price volatility and the absence of clear market price signals may 
induce firms to postpone investments in emissions-reducing technologies due to uncertainties on 
the expected returns (Borghesi & Montini, 2016). In order to avoid low and volatile allowance 
prices in the future, the literature suggest solutions such as combining the emission cap with a 
price collar that can provide both upper and lower bounds on allowance prices (Borenstein et al., 
2015). Another solution is to adjust the cap over time according to changes in technology or 
political circumstances (Hepburn, 2006).  
 
140. Other issues include the administrative costs, which tend to be higher for cap-and-trade 
than a tax (Narassimhan et al, 2017), and the institutional capabilities to create an operational 
market.  
 
2.3.4 Information provision, labels, and voluntary agreements 
 
Information provision, labels, and voluntary agreements have encouraged energy 
savings, but it is hard to separate their effects from other policies. 
 
141. Information provision, labels, and voluntary agreements are common types of instruments 
to control air pollution. For example, eco-labelling and information disclosure programs have been 
implemented in India, PRC, and Thailand. However, there is a lack of robust empirical research 
able to isolate and identify the effects of these programs. Table 9 highlights some programs. 
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Table 9. Energy and Industry Sector: Information Provision, Labelling, Voluntary Agreements 

Country Program Comments 

PRC 

Green Watch Program (1999): rates 

firms’ environmental performance, 

especially regarding discharge of 

SO2, NOX, and particulate matter, as 

well as recycling and pollution 

accidents. 

Firms covered by Green Watch 

improve their environmental 

performance more than non-covered 

firms.  

 

 

Green Securities Policy (2008): 

requires listed companies in highly 

polluting industries to disclose 

“important environmental issues 

likely to have significant impacts on 

stock prices.” Includes “Green IPO” 

requirement of environmental 

inspection before IPO or refinancing. 

Green Securities Policy relies on self-

reporting. Quality and consistency of 

different firms’ environmental 

disclosure vary greatly. 

 

India 

Eco-Mark (1991). Voluntary labelling 

of products based on environmental 

criteria. Cradle-to-grave approach 

(i.e., from raw material extraction to 

manufacturing to disposal). 

 

Since 1991, many initiatives aimed at 

energy conservation and improving 

energy efficiency have been 

implemented. It is difficult to 

disentangle the effect of individual 

policies, but India has made 

substantial progress in terms of 

improving the efficiency of energy use 

and this is evident from the reductions 

in energy intensity of GDP (energy 

used per unit of production). 

Labelling of consumer appliances for 

energy efficiency along with 

minimum standards by the Bureau of 

Energy Efficiency. 

Labelling of appliances results in 

significant reductions in energy use, 

although this does not account for 

rebound effects (increased use due to 

lower cost). 

Sources: PRC: Green Watch Program: Jin, Wang, & Wheeler, 2010. Green Securities Policy: Wang & 

Bernell, 2013. India: Balachandra, Ravindranath, & Ravindranath, 2010 

 

2.4 MBI Applications to Transportation 
 
To meet the transportation needs of urban populations, subsidies for fuel-efficient 
vehicles and mass transit are less-polluting options than fuel subsidies. 
 
142. Reducing or removing fuel subsidies is one of the most environmentally sound but 
politically-sensitive MBIs. As the opposite of a fuel tax (which incorporates at least some 
environmental costs into the price of fuel), subsidies for petrol or diesel create an even wider gap 
between the price that a consumer faces and the social costs of using fuel. Fuel subsidies also 
impose substantial burdens on the public treasury. Subsidy removal is generally progressive (that 
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is, higher-income households benefit from the subsidy more than lower-income households). 
Subsidy reforms can free up revenue to compensate those affected by higher fuel prices, but it is 
essential to communicate plans for fair redistribution of the revenue that is saved. Phase-out plans 
have generally been more successful than the abrupt elimination of subsidies (Sterner, 2011). 
 
Growing urban populations need both mass transit and fuel-efficient vehicles. 
 
143. Drivers’ choices are shaped by fuel taxes, tax exemptions and subsidies for cleaner 
vehicles and fuel, international fuel prices, and local resource endowments (petroleum versus 
natural gas, for example). The relative costs of driving and transit shape commuters’ decisions. 
In Beijing, for instance, parking fees have been increased, and congestion pricing has been 
introduced (UNESCAP, 2012).  
 
2.4.1 Taxes, fees, and charges can influence both vehicle stock and congestion 
 
144. Bangladesh’s recent experience in the transport sector illustrates how prices can change 
behavior. The government has been trying to introduce the use of compressed natural gas (CNG) 
in vehicles in Dhaka city since the 1980s. The country is petroleum-poor, but natural gas-rich. 
Despite being cheaper than imported petroleum, natural gas was not widely used by vehicles as 
it requires a more expensive type of engine. In 2006, the Bangladesh government, under pressure 
from the global fuel price hike, was forced to nearly double the retail price of imported petroleum 
overnight. This event led to a substantial increase in the adoption of CNG technology on existing 
vehicles in Dhaka, Chittagong, and Sylhet, where natural gas was readily available. In response, 
concentration levels of particulate matters in Dhaka peaked in 2006 and dropped in 2007 (Clean 
Air Initiative for Asian Cities, 2008). Similarly, the country also experienced a surge in the use of 
electricity to run vehicles in Dhaka. The surge of electric vehicles forced the government to ban 
the use and import of electric bikes so that the cities could cope with their shortages in electricity. 
Higher prices in fuel also led to a surge in import of gas generators for factories and for homes. 
The demand contributed to a crisis in gas supplies because the gas distribution system was not 
designed for such an increase. As such, in recent times, the government has been forced to ration 
the use of CNGs in vehicles by raising prices. Finally, the government also stopped the import of 
gas generators to reduce pressure on its gas distribution systems.  
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Table 10. Charges related to Transport 

Country Description Comments 

PRC A passenger vehicle purchase 
tax was introduced in 1993. The 
tax rate has been periodically 
adjusted, and sales of 
passenger vehicles have tended 
to be higher when the tax rate 
was lower. The rate is lower for 
engines with small cylinder 
capacity, which are less 
polluting. The tax has been as 
low as 1% for engines <1 liter 
and as high as 40% for 
engines>4 liter. 

In 2016, among all taxable automobiles 
in PRC, 92% were vehicles with a 
cylinder capacity of less than 2.0 liters, 
accounting for 69% of this type of tax 
revenue. 

India Certain state governments have 
imposed taxes on older 
vehicles, which are more 
polluting.  

The tax rates are too small to have a 
noticeable impact on air pollution. In 
addition, no major city in India, except 
New Delhi (recently), has invested 
much in public transit.  

Lao PDR User fees and charges since 
2002: fuel surcharge, road and 
bridge tolls, international freight 
transit charges, fines and 
penalties for excess loads. 

Due to the limitation in monitoring the 
uses of revenues and lack of an air 
quality monitoring system, impacts of 
this type of instrument remain 
ambiguous. 

 
Philippines Taxes were imposed on leaded 

gasoline to improve air quality.  
The Government has been 
charging for use of motor 
vehicles as a means to reduce 
transport emissions. 7.5% of 
motor vehicle users’ charges are 
deposited in a special vehicle 
pollution control fund as a part 
of the air quality control action 
plan. 

Leaded gasoline was eliminated in 
Metro Manila by 2000 and nationwide 
by 2001 

 

Viet Nam Environmental taxes on gasoline 
and oil since 2012 (were 
doubled in 2017) 

Implementation of environmental taxes 
has been slow due to ambiguities in the 
guidelines and poor coordination 
between tax collection agencies and 
Ministry of Natural Resources and 
Environment. There is no data yet on 
the effect of the 2017 increase. 

Thailand To phase out the two-stroke 
engine motorcycle, which 
produced higher hydrocarbon 
emissions than four-stroke 
because of incomplete 
combustion, a higher excise tax 
was set for two-stroke in 2001.  

 

Together with more stringent 
motorcycle standards, differentiation in 
the excise tax may have contributed to 
the phasing out of two-stroke engine 
motorcycles since 2007. 
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Sources: PRC: State Council (various years); State Administration of Taxation, 2017. India: 
BankBazaar, 2018. Lao PDR: Khammounheuang, 2011. Philippines: Abrera, 2011. Viet Nam: 
Environmental taxes: Nguyen, 2017. Thailand: Tularak, 2011.  

 

Gradually-increased taxes can upgrade vehicle fleets and affect demand in the long run 
 
145. Registration taxes, circulation taxes, road use taxes, and congestion charges are common 
among OECD member states (EEA, 2016). Taxation of motor vehicles and motor vehicle fuels 
are used in all OECD member states.  
 
146. Evaluations of the effects of fuel taxes in OECD countries show that the demand for 
energy, on average, is not very responsive to price increases in the short run but quite responsive 
in the long run. Over time, commuters respond to higher fuel prices by making different travel 
choices, buying more fuel-efficient cars, and so on. Thus, taxes on fuels and vehicles significantly 
reduce demand for energy and petrol, but not immediately (OECD, 2006). Therefore, vehicle and 
fuel taxes should be implemented with a long-term perspective and with a gradual increase of the 
tax rates over time.  
 
A tax on registration of new vehicles discourages car ownership – and newer cars 
 
147. As Table 10 shows, vehicle purchases in PRC have varied with the level of the registration 
tax. However, a new vehicle registration tax also encourages drivers to keep older vehicles, which 
emit more. The net environmental effect is unclear (c.f. Denmark’s experience, EEA, 2000).  
 
Differentiated vehicle registration taxes for a more efficient vehicle fleet 
 
148. An alternative is differentiated vehicle registration taxes, with lower taxes for low-polluting 
vehicles. PRC, India, and Thailand have used variations on this approach for both cars and 
motorcycles. In Israel, the government introduced a Green Tax scheme in 2009, which aimed to 
reduce all polluting vehicle emissions by adjusting the vehicle purchase tax according to car 
models’ relative impacts from five pollutants (carbon monoxide, nitrogen oxides, hydrocarbons, 
particulate matter, and carbon dioxide). The tax reform successfully shifted demand towards less 
polluting vehicles and by 2014, around 83% of all car sales were in the lowest pollution grades, 
compared to 19% in 2009 (OECD, 2016). 
 
149. Hybrid policies could be used to encourage scrapping of older cars that are emitting more 
pollutants. Nevertheless, the effects of these policies depend heavily on the availability of 
alternative transportation methods and the tax rates. 
 
A historical problem affecting the implementation of MBIs to control emissions from road 
transportation in Asia is that motorcycle and car ownership is seen as desirable. 
 
150. Coupled with this perception is the common view that development and support of the 
automobile and motorcycle manufacturing industry is good for a country’s economic development 
(ADB, 2012). For these reasons, past policies have artificially lowered the cost of vehicle 
ownership through very low registration taxes. Sales taxes for vehicles have been low compared 
to other goods, and policies have not required strict levels of vehicle maintenance or emissions 
standards. Such policies led to excessive demand for private transport modes, with consequent 
external impacts and the erosion of the public transport’s viability. Setting prices so that motorists 
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perceive the marginal social costs of their travel decisions is thus essential in order to mitigate 
private vehicle use, but this is often not viewed as politically viable. 
 
Comprehensive pricing to manage transport demand is technically feasible, but a lack of 
political support has prevented its implementation.  
 
151. Congestion fees enter downtown areas in Europe has been proven to curb congestion 
and vehicle emissions and to spread traffic volumes by inducing intertemporal substitution toward 
unpriced times and spatial substitution toward unpriced roads (see, e.g., Foreman, 2016, and 
Gibson & Carnovale, 2015). So far, pricing schemes have been proposed and applied in many 
cities worldwide, such as in London, Milan, and Stockholm. Empirical evaluations of these 
experiences indicate that the environmental effects of road pricing are significant (Coria et al., 
2015). 
 
152. Road pricing has been rarely used as an instrument to reduce vehicle usage in Asia. A 
notable exception is Singapore, which is discussed in the following case study.  
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Box 3. Case study: Singapore Congestion Charge 

Context and description of the problem/application: Singapore is one of the most densely 
populated countries in the world and with an increasing number of vehicles, severe traffic 
congestion problems have emerged. With the aim of reducing traffic congestion in the Central 
Business District (CBD), Singapore implemented the Area Licensing Scheme (ALS) in 1975, 
which was the first of its kind in the world. By requiring motorists to purchase a license to enter 
the CBD during peak hours, the ALS substantially reduced congestion. However, the scheme 
became too cumbersome and was therefore updated to a fully automated Electronic Road 
Pricing (ERP) scheme in 1998. The main differences between the two schemes are that the 
ERP monitors motorists electronically and charges motorists per trip rather than per day. This 
makes the scheme less labor-intensive and more flexible in terms of differentiating the charges 
based on congestion levels.  
 
Description of policy instrument: Congestion imposes external costs on all drivers, such as 
delayed travel times and air pollution. In the absence of efficient road pricing, road use will be 
underpriced and cause excessive demand. The ERP scheme is an economic instrument that 
directly affects the cost of using roads by charging motorists that enter the CBD. For this 
purpose, Singapore has installed electronic gantries encircling the CBD and vehicles have 
been fitted with dashboard-mounted devices from which charges are deducted as their 
vehicles pass the gantries. The ERP charges vary by location of the gantry, time of day, and 
vehicle type. 
 
Main findings related to criteria: The ERP scheme in Singapore has a low regulatory burden 
due to almost non-existent billing errors and low labor-intensity. When designing an ERP, 
important aspects to consider are the geographical placement of the gantries and the decision 
of the charge rate. Information about traffic patterns, the geography of the city, and the 
elasticities of demand for road use are therefore essential. Singapore has been able to ensure 
political and public acceptance by, for example, gradually implementing the policies, 
developing a long-term transportation strategy, and substantially improving public 
transportation. The fact that the ERP charges are adjusted on a quarterly basis and vary by 
location, time, and vehicle type makes it possible to relate the charge to the actual congestion 
level and, hence, increase the efficiency of the scheme. In terms of achieving its purpose, the 
ERP has reduced congestion in Singapore and the traffic has become better spread out during 
the day. Singapore is planning to replace the current ERP scheme with a new Global 
Navigation Satellite System (GNSS)-based ERP scheme in 2020. This will allow more 
flexibility in managing traffic congestion and reduce the costs for maintaining the gantries. 
 
Generalizable findings: A number of features of Singapore’s road pricing scheme have 
contributed to its success and can be important lessons for future congestion charging 
schemes. First, to ensure public acceptance, it is important to address potential privacy 
concerns, improve public transportation, and ensure that the system is easy to use. Second, 
the fact that vehicles do not have to slow down to pay the charge for entering the restricted 
zone ensures that traffic can flow more smoothly and not cause congestion at the payment 
points. Third, the cameras installed at the gantries provide objective proof of violations, which 
reduces disputes. 
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153. When the congestion pricing schemes in Singapore, London, and Stockholm were being 
planned, onboard satellite-based navigation systems such as GPS and Galileo were either non-
existent or a luxury. They are now inexpensive and ubiquitous, and, therefore, offer a simpler, 
much less capital-intensive way of implementing far more comprehensive and sophisticated road 
pricing, since it is possible to price all roads and times differentially. Singapore will again be the 
global pioneer in this regard, with implementation scheduled in 2020 (Wilson, 2016). The reduced 
capital requirement from new technology means that congestion pricing may become more 
feasible for developing Asia. The major barrier will be political. Aside from concerns about privacy, 
it will be necessary to use revenues in ways that are seen to be fair and equitable.  
 
2.4.2 Subsidies for electric vehicles and removing fossil fuel subsidies. 
 
Subsidies, including R&D, can promote (domestic) electric vehicles. 
 
154. PRC has initiated several programs to promote the development of New Energy Vehicles 
(NEVs). An R&D program for electric vehicle technology was launched in 2001 (PRC Auto, 2005). 
In 2005, targets were set for the proportion of electric cars purchased to reach 50% of car sales 
in 2030. Both taxes and subsidies were used to create incentives for the production and purchase 
of electric cars. Pilot cities were subsidized to use NEVs in public transit; subsidies and 
preferential tax rates were made available to purchasers; and Beijing’s license plate quota (a CAC 
regulation that sought to reduce car purchases) was lifted for NEVs (Li & Zhan, 2017). 
 
Reducing or removing subsidies for petrol and diesel can be politically acceptable if it is 
done gradually and with fair distribution of the revenue that is saved. 
 
155. Energy affordability was a major goal of fuel subsidies, but these subsidies tend to benefit 
higher-income households (Rentschler & Bazilian, 2017; UNEP, 2004). In fact, subsidies divert 
public revenues from other human needs that are important to poor people. The revenue saved 
by removing fuel subsidies can be redirected to help poor households. In Indonesia, for example, 
the government started to remove the subsidy on gasoline in 2014. The reform was progressive; 
the impact on households through increased cost of living is larger for the richer households 
(Yusuf et al., 2018). ADB recommends transferring subsidy savings to mitigate negative impacts 
from the removal of subsidies and to use savings for poverty reduction, social programs (ADB, 
2015). 
 
156. Gradual subsidy removal can ensure political feasibility and limit economic disruptions. In 
India, diesel accounted for 44% of petroleum consumption in 2012-2013. The diesel subsidy was 
the highest of all fuel subsidy expenditures and was increasing each year due to the increasing 
population. Yet, the benefits of the diesel subsidy were mainly received by high-income 
households. Several attempts to remove the subsidy failed because of political opposition. Finally, 
in 2013, India adopted a gradual strategy. First, there was a substantial price increase for bulk 
consumers (mainly state-owned railways) and, for all others, small monthly price increases were 
put in place until the subsidy was eliminated. This strategy worked; the elimination of the subsidy 
for all consumers was achieved within two years (Acharya & Sadath, 2017; Clarke, 2015). 
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2.4.3 Lessons learned regarding MBIs for transport 
 
157. Experimentation with MBIs would be advisable to reduce emissions from transportation. 
Consumers respond by changing their driving behavior as well as their vehicle choice, but 
alternative options (e.g. mass transit) must also be a viable alternative to driving. Since a major 
cause of air pollution in cities in Asia is vehicular air pollution, it is urgent that the transport sector 
become cleaner, which requires that incentives are properly placed. 
 
158. Finally, although information provision has not been a major tool in reducing provision 
from transport, it has been used effectively in combination with other policies. When lower 
registration fees for cleaner vehicles were combined with consumer information and awareness, 
there was a dramatic increase in the proportion of less-polluting vehicles (EEA, 2000).  
 

2.5 MBIs to reduce pollution from heating and cooking 
 
159. Air pollution from domestic heating and cooking – “the killer in the kitchen” – has mainly 
been addressed through the use of information and subsidies, such as subsidies for energy 
efficient stoves or for improved insulation to reduce heat loss. The goal is to reduce household air 
pollution through incentives to encourage fuel switching and improvements of combustion 
technology. However, more research is needed to evaluate the effects of such subsidies.  
 
2.5.1 Subsidies 
 
Subsidies are common to increase use of improved cook stoves 
 
160. Many developing countries have worked with NGOs to provide subsidies for cleaner 
cooking and heating devices and to insulate homes. Table 11 provides several examples. 
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Table 11. Subsidies for Improved Cook Stoves (ICS), Insulation, Biogas, and LPG 

Country Description Comments 

Indonesia Kerosene to LPG, 2007-12. Free 
stoves, LPG cylinders, and first 
consignment of LPG. The program 
provided LPG as a main cooking fuel 
to 27 million households in 2010, 
about five times as many as in 2007. 

 
Indonesia Domestic Biogas Program 
launched in 2009, built 11,250 
biogas digesters by 2013. Flat 
subsidy of $220; household paid 60-
80%.  

Limited in terms of scaling up 
potential. 40% of households still 
rely on biomass fuel for cooking, 
and the program targeted kerosene 
users, with little spillover to biomass 
users. LPG remains unaffordable 
for many households.  

 
Less firewood is used and biogas 
users report better air quality in the 
kitchen. Improved health could not 
be documented in the short term. 

 
Bangladesh The government of Bangladesh, with 

the help of several NGOs, has 
promoted biogas plants in rural 
households. 

Despite initial success, there are 
unsold and unused biogas plants. 
There is a need for a systematic 
review to understand the 
bottlenecks. Recently, the 
government used Infrastructure 
Development Company Limited 
(IDCOL) to promote biogas using 
capital subsidy.  

 
Mongolia A subsidy of 5 million MNT ($3,500) 

was provided to households by the 
Building Energy Efficiency Project to 
build energy-efficient dwellings. The 
construction cost ranged from 
$15,000 to $24,100. Long-term 
mortgage loan requires a down 
payment of $4,700 to $7,500. 

 
Ger (yurts) traditionally are heated 
with coal and wood. “Ger stoves,” 
which use less fuel and produce 
fewer emissions, are sold at a 90% 
subsidy. 

 
20,000 blanket-like insulation layers 
for gers were designed by UNDP, 
produced locally in Mongolia, and 
sold at subsidized prices. 

 

The subsidized price of the stoves, 
about $20, is affordable for many 
households. 

 
Insulation blankets result in 50% 
reduction in fuel consumption. 

India LPG cylinder refills for cooking have 
been subsidized for decades but 
high connection costs limited 
access. Pradhan Mantri Ujjwala 
Yojana (Rural Cooking Gas 
Connection), launched in 2016 
provides subsidies for women below 
the poverty line to obtain LPG 
connections. The subsidy rate is 

Budget of Rs. 800 billion ($12 
billion) over 3 years (2016–2018). 
Initially aimed to distribute 50 million 
LPG connections and expanded its 
goal to 80 million. Distributed 58 
million connections by December 
2018. 
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Rs.1600 ($23) per connection, which 
is 50% of full price. 

 
Viet Nam 45,000 ICSs were provided by the 

government subsidized program and 
internationally supported projects. 
Joined Global Alliance for Clean 
Cook stoves in 2012 to promote 
public-private sector cooperation for 
production and distribution. 

 
Viet Nam Biogas Program, 2003. 
158,500 domestic biogas digesters 
are providing cooking fuel for 
790,000 rural households. 

ICS: The Renewable Energy 
Development Strategy set goals for 
number of households using 
advanced cookstove and 
encourages the creation of 
cookstove industry.  

 
 

Biogas: Impacts of health benefits 
from switching from fuelwood or 
charcoal to biogas in cooking have 
not been estimated. 

Lao PDR Subsidies and information for ICS 
 

ICS distributed to 100,000 
households 

Cambodia Subsidies and information for ICS 
 

ICS distributed to 3.6 million 
households 

Sources: Indonesia: LPG: World Bank, 2012. Biogas: Bedi, Sparrow, and Tasciotti, 2013. 

Bangladesh: Khan and Martin, 2016. Mongolia: Tsevegjav, 2013; UNEP, 2014. India: Aggarwal, 

Kumar, & Tiwari, 2018. Viet Nam:  ICS: Hanh & Von Eije, 2016. Biogas: Edsel, Resurreccion, & 

Rakshit, 2014. Lao and Cambodia: SNV, 2015. 

 
161. Subsidies for Improved Cook Stoves (ICS) have been promoted globally by NGOs and in 
developing countries, but it is increasingly apparent that those that simply attempt to burn 
traditional solid fuels more completely are often ineffective in reducing air pollution substantially 
(Sambandam et al 2014, Thomas et al 2015).  
 
162. Biogas digesters are a renewable source of cooking fuel. Biogas is a by-product of 
livestock. Viet Nam, Bangladesh and Indonesia have programs to promote subsidized biogas 
digesters. LPG has been promoted as a substitute for kerosene and firewood in India.  
 
Climate finance is used for ICS 
 
163. In Cambodia, Lao PDR, and Viet Nam, subsidies were used mainly for designing, training, 
awareness-raising campaigns, and demonstration. Because there are global benefits when 
households reduce their collection and burning of wood and charcoal – including reduced 
deforestation and reduced GHG emissions – these countries are exploring international carbon 
finance mechanisms to help pay for these programs. 
 
Adoption can be limited due to reduced heating and costly fuels 
 
164. Many improved cooking stoves are not designed to provide the heating required in the 
house during the winter in places such as Mongolia; in fact, the fuel efficiency of an ICS can 
reduce the amount of heat emitted into the home. Mongolia faces the challenge that relatively 
clean fossil fuels (such as improved sawdust briquettes, semi-coking coal briquettes, and semi-
coking coal lumps) cost twice as much as raw coal. In order to close the price gap, the Clean Air 
Foundation provided discount vouchers to ger (traditional yurt) households in a pilot zone which 
enabled them to buy the cleaner alternatives at subsidized prices.  
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165. The level and volatility in fuel prices across countries needs to be considered when 
implementing policy instruments to control indoor air pollution. For instance, if electricity prices 
are high, people may be reluctant to switch from solid fuels to electricity, as the costs for cooking 
and heating may rise. Furthermore, in areas where electricity access is poor and unreliable, a 
switch from wood or coal burning to electricity heating may not even be feasible (Barría, 2016).  
 
166. There are also potential fairness concerns that need to be considered to ensure public 
acceptance. If a subsidy is not large enough, the poorest households may not be able to afford 
fuel switching or improvement of their combustion appliance, as in the case of the subsidy for 
domestic biogas plants in Nepal (Bhattarai et al, 2018). Hence, the subsidy may only be useful 
for middle- and high-income households, which may be perceived as unfair. Even if policies for 
fuel switching are designed to ensure that the poorest households have access to the subsidies, 
they may sell it to others rather than using it themselves (Troncoso & da Silva, 2017). This 
experience highlights the importance of good design in subsidy programs.  
 
2.5.2 Information provision, labels, and voluntary agreements 
 
It is difficult to separate the effect of information campaigns from other policies. 
 
167. Information campaigns and labelling are relatively inexpensive, but few studies that have 
assessed the effectiveness of information aimed to decrease indoor air pollution (Chafe et al., 
2015). One example is a study that assessed an intervention in Tasmania, which combined 
replacement of wood stoves with electricity, educational campaigns, and enforcement of 
environmental regulations. The proportion of households using wood as heating decreased from 
66% to 30% during the 13-year-long study. Furthermore, the PM10 emissions decreased by 39% 
and the improved air quality resulted in significant reductions in annual mortality (Chafe et al., 
2015). As in Tasmania, information campaigns can work well as part of a hybrid policy – in this 
case, enforcement of regulations. In fact, subsidies for cleaner technology inevitably include an 
educational component, as households learn the benefits of a new stove or decide whether to 
borrow money to pay for the unsubsidized portion of a purchase.   
 

2.6 Recommendations for future applications of MBIs on air pollution 
 
MBIs have great potential – in particular for reducing subsidies and taxing fossil fuels 
 
168. Asian countries can benefit from the additional flexibility that MBIs offer over command 
and control regulations, in particular when taxes can be levied at a few concentrated points in the 
production chain (for example, at petroleum refineries or coal mines) and yet influence fuel 
consumption and pollution throughout the economy. In many countries in developing Asia that 
lack a strong regulatory apparatus, taxes can help mitigate pollution that would otherwise go 
unchecked. The same is even more true of reductions in subsidies to polluting fuels, since the 
quantity response tends to be greater when prices are low. 
 
Getting the price right is difficult but important 
 
169. A major obstacle to the use of taxes and other MBIs is that the transparency of the policy 
can easily evoke opposition from industry interest groups and the public. This political opposition 
likely leads to prices that are too low, which, in turn leads to too much pollution. When taxes are 
too low, they do not achieve the environmental goal of reducing pollution.  



 

67 

 

Compensation and information can increase application and tax rates 
 
170. To reduce resistance to MBIs, the use of revenues should be clear, and it should be seen 
as fair and equitable. Hybrid instruments and appropriate use of revenue can make the use of 
MBIs feasible. Refunding of emissions taxes could also help to increase the relative stringency of 
existing taxes and increase the extent of the incentives to innovate. 
 
Cap-and-trade schemes are challenging to make environmentally effective 
171. The experience with MBIs has also shown that taxes or fees are more likely to be 
environmentally effective than tradeable permit schemes. A major challenge is that, while 
tradeable permits provide certainty about the quantity of pollution, they leave the price of pollution 
control to the market. When policy-makers are unwilling to risk high costs of pollution control, they 
tend to set loose caps, thus reducing the environmental effect of the policy. Moreover, price 
volatility in the permit market can cause a delay in investment in emission-reducing technologies. 
 
Make use of the fact that Asian MBI experiences are similar to those of US and Europe 
 
172. The Asian experiences with MBIs compare quite well with all of the early U.S. and 
European MBI experiences. Both developed and developing countries encountered similar flaws 
related to design and implementation of the schemes, such as over-allocation and lack of 
development of markets for trading of emission permits, tax rates that are too low, and poorly 
designed and generous subsidies to renewables that have proven financially unsustainable a few 
years after their implementation. There is no need for developing countries in Asia to make the 
same mistakes. Increased attention should be given to learning between countries in the region 
– and beyond.  
 
MBI design can be dramatically improved through systematic evaluations 
 
173. The systematic review showed an unfortunate lack of well-designed, quantitative 
evaluations of MBI applications in Asia. Learning more about the performance of existing 
instruments and the factors that have facilitated or prevented their implementation is essential to 
correct and improve their design, including their stringency. This knowledge could be accumulated 
even more rapidly if governments in the region would develop platforms that inform the design of 
MBIs through promotion of learning and knowledge sharing. Governments can share knowledge 
through seminars, symposia, and by undertaking special cross-country studies. Important aspects 
where more in-depth knowledge is needed include the actual short- and long-term effects of 
implementation of MBIs on environmental protection, revenues, distributional implications and 
political economy considerations.  
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Chapter 3. Market-Based Approaches to Water 

Management in Asia 
 

Key Messages 

• Allocating scarce water resources is a challenge across Asia.  

• Water resources face increasing demand as well as pollution.  

• Volumetric pricing for agricultural water has proved to be relatively ineffective, though 
the prices have been likely far too low.  

• Agricultural water pumping is energy-intensive, so pricing strategies could target 
energy as well as water use. 

• Reallocating water to different regions and sectors is difficult, even when the value 
under alternative uses could be much higher.  

• MBIs to address water allocation include creating tradable use rights; tradable 
discharge permits; taxes, fees or charges; subsidies; and information provision.  

• Surface water pollution can be addressed using discharge taxes, but that is only 
possible where there is capacity for monitoring.  

• Taxes on polluting inputs (such as nutrients) can be implemented in settings where 
discharge is not easily observed.  

• Tradable discharge permits have proven to be successful in many settings but requires 
good institutions and the creation of markets.  

• Information disclosure is a low-cost complement to other MBIs.    

 

3.1  Challenges to Water Management in Asia 
 
174. Rapid urbanization, economic growth, industrialization, and extensive agricultural 
development in Asia are placing pressure on the region’s water resources, quality, and 
infrastructure (UNDESA, 2014). A predicted 700 million more people will need municipal water 
services between 2010 and 2025 (UNDESA, 2014). Industrial and agricultural intensification 
creates further challenges in water resources and water quality management. As a result, water 
shortages have increased in many areas, while water quality has deteriorated. 
 
Water Use in Asia 
 
175. Increased demand for water for domestic, industrial, municipal or agricultural use has led 
to increasing concerns about how water is used and the quality of water resources (Moriarty, 
Butterworth, and Batchelor, 2004; FAO, 2008). This chapter highlights three water-related 
problems in Asia: 1) inefficient use of irrigation water, 2) poor inter-sectoral water allocation, and 
3) surface water pollution.  
 
176. Assessing water use often begins with an understanding of per capita water withdrawals 
and freshwater withdrawal with respect to total renewable water resources. Table 12 presents 
water use statistics by country: water withdrawals by sector (agriculture, industry, municipal), total 
water withdrawals and per capita water withdrawals, and freshwater withdrawals as a percentage 
of total renewable water resources. Among countries in the area of study, Pakistan, Viet Nam, 
Thailand, and the Philippines have the highest total per capita water withdrawals, with per capita 
withdrawals ranging from 850 to 1050 m3/year. Cambodia, Mongolia, and Bangladesh have the 
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lowest, with per capita withdrawals ranging from 150 to 250 m3/year. Nepal, Viet Nam, Cambodia, 
Pakistan, and Lao PDR have the highest percentage of water withdrawals going to agricultural 
uses (over 90%). Mongolia and Malaysia have over 40% of water withdrawals for industrial uses, 
while PRC and Indonesia have over 20% for industrial water use. PRC and India allocate the 
most water for municipal use at 19% and 9%, respectively.  
 
177. One measure of water stress is freshwater withdrawals as a percentage of total renewable 
water resources. By that measure, Pakistan is by far the most water stressed country in the region, 
with water withdrawals at 74% of total renewable water resources. India, Sri Lanka, and PRC are 
next, with water withdrawals at 34%, 25%, and 21% of their total renewable water resources, 
respectively. Indeed, Pakistan, India, Sri Lanka, Mongolia, the Philippines, and India are under 
high or extremely high stress as measured by the World Resource Institute’s index (Gassert et 
al., 2013). Northern PRC, India, and the Indus River systems are experiencing moderate to 
extremely exploited water conditions (Fant et al, 2016). 
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Table 12: Water Use Statistics for Asian Countries 

Country Year(s) of 

data 

Agricultura

l water 

withdrawal 

(109 

m3/year) 

Industrial 

water 

withdrawal 

(109 

m3/year) 

Municipal 

water 

withdrawal  

(109 

m3/year) 

Total 

water 

withdrawa

l    (109 

m3/year) 

Total water 

withdrawal 

per capita 

(m3/year) 

Freshwater 

withdrawal as % 

of total renewable 

water resources 

(%) 

Banglades

h 

2008 31.5 0.77 3.6 35.87 231 2.923 

India 2010 688 17 56 761 602.3 33.88 

Nepal 2005/2006 9.32 0.030 0.148 9.497 364.4 4.518 

Pakistan 2008 172.4 1.4 9.65 183.5 1034 74.35 

Sri Lanka 2005 11.31 0.831 0.805 12.95 653.6 24.53 

PRC 2015 385.2 133.5 79.4 598.1 425 20.92 

Mongolia 2009 0.242 0.238 0.071 0.551 196.2 1.583 

Cambodia 2006 2.053    0.033 0.098 2.184 159.1 0.459 

Lao PDR 2003/2005 3.193 0.17 0.13 3.493 588 1.047 

Thailand 2007 51.79 2.777 2.739 57.31 863.7 13.07 

Viet Nam 2005 77.75 3.074 1.206 82.03 956.4 9.259 

Indonesia 2000/2005 92.76 24.65 13.99 113.3 521.2 5.612 

Malaysia 2005 2.505 4.788 3.902 11.2 419 1.931 

Philippines 2009 67.07 8.254 6.235 81.56 849.4 17.03 

Source:  FAO. 2016. AQUASTAT Main Database - Food and Agriculture Organization of the United Nations (FAO). 
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Irrigation Water Use 
 
178. While total cultivated land in the world has only increased by 12% between 1961 and 
2009, the proportion of cultivated land that is irrigated grew from 10% to 20% (FAO, 2011). 
Additionally, groundwater use in irrigation is expanding and almost 40% of the irrigated area 
is reliant upon groundwater (FAO, 2011). Asia has the highest percentages of irrigated land – 
40% compared to 8% in Europe, 12% in the Americas, and 5% in Africa. Seventy percent of 
the world’s irrigated area is in Asia, with PRC and India alone accounting for 40% (FAO, 2011). 
Much of this irrigation is large-scale and primarily for paddy rice production.  
 
179. Irrigation increases farm production and incomes, but there are also negative side 
effects, such as reduction in environmental flows, changes in downstream access to water, 
and reduction of wetland habitats. In India and PRC, agricultural production tripled between 
1964 and 1997, due to investments in irrigation and other technologies to enhance land and 
water productivity (FAO, 2011). However, current patterns of agricultural groundwater use are 
not sustainable and will result in permanent damage to both the quantity and quality of 
groundwater resources (Siebert et al., 2010). This is especially a problem in India’s Punjab 
region and the North PRC Plain. Moreover, in heavily populated basins in PRC and India, 
rivers no longer discharge to the sea and saltwater intrudes upstream with losses of coastal 
habitats (FAO, 2011). Additionally, with the intensification of agriculture, excess nutrients and 
pesticides are released into surface, ground, and coastal waters. 
 
180. Finally, rising water demand from both agriculture and other sectors is leading to 
competition for water resources (FAO, 2011). As most of the water withdrawals are due to 
agriculture (82% in Asian countries of interest) and the estimated economic value of water in 
agricultural production is low relative to domestic and industrial uses, policy makers often look 
to shift water from irrigation to municipal and industrial uses (Meinzen-Dick & Appasamy, 
2002). However, the timing and location of the water resources and demands may not 
coincide, and transfers need to be exercised carefully, either through markets or through 
regulatory measures. Direct expropriation of agricultural water to meet other sectoral demands 
can cause political unrest, as in the case of the Bhavani Basin in India and the Angat Basin in 
the Philippines (Meinzen-Dick & Appasamy, 2002). 
 
Surface Water Quality 
 
181. Increasing water pollution from domestic, industrial, and agricultural activities is a 
major issue for nearly all developing Asian countries (Chakraborty & Mukhopadhyay, 2014). 
Irrigation and high levels of agrochemical consumption, as well as high sediment loads, are 
significant sources of non-point source water pollution (Evans et al., 2012; Chakraborty & 
Mukhopadhyay, 2014). Inadequate treatment and management of wastewater from both 
households and industrial users are also significant problems. This is due largely to the lack 
of treatment facilities, financial resources, and well-defined policies (Sato et al., 2013). 
 
182. Wastewater treatment and disposal is becoming an increasingly serious environmental 
and public health issue. Surface water and groundwater sources in urban centers are being 
contaminated with domestic and industrial waste and require high levels of treatment before 
they can be used safely as potable water (Chakraborty & Mukhopadhyay, 2014). Of the 144 
km3 of wastewater generated annually in Asia, 37% is generated in PRC, 27% in South Asia, 
20% in Japan, and 6% in Southeast Asia (Chakraborty & Mukhopadhyay, 2014; Aquastat, 
2011; Evans et al., 2012). Only about a third of all wastewater in Asia is treated, with the lowest 
treatment rates in South Asia and Southeast Asia (7% and 14%, respectively) (FAO, 2016). 
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Table 13 reports wastewater generation and treatment of countries in Asia.1 PRC, India, and 
Indonesia are the largest producers of municipal wastewater. PRC and Mongolia have the 
highest rates of treatment, at 18% and 20%, respectively, while Indonesia has very little 
wastewater treatment (0%) (Malik et al., 2015). 
 
183. Biochemical Oxygen Demand (BOD) is one measure of water pollution from organic 
pollutants from domestic, industrial (e.g., paper and pulp mills, sugar mills), and agricultural 
sources (fertilizers). Water becomes polluted when BOD levels are high because the oxygen 
available in the water is being consumed by bacteria.  
 
184. Table 14 presents an overview of the level of BOD among countries in Asia, where 
available. PRC has the highest levels of reported BOD emissions, at 8.82 million kg/day. 
Indonesia, Thailand, and Viet Nam have combined total BOD emissions of 1.96 million kg/day 
(Chakraborty & Mukhopadhyay, 2014). While most of the countries reported significant growth 
in BOD emissions accompanying their economic growth, BOD emissions growth far 
surpassed GDP growth in countries such as Thailand and Viet Nam (Chakraborty & 
Mukhopadhyay, 2014). Thailand and Viet Nam’s BOD emissions grew by 87% and 255%, 
respectively, between 1998 and 2006; in comparison, their GDP growth rates were 48% and 
74%, respectively (Chakraborty & Mukhopadhyay, 2014).  
 
185. With respect to water quality management, proactive policies are in their infancy 
(Evans et al., 2013). Countries such as Thailand, the Philippines, India, and PRC are 
beginning to implement large programs to rehabilitate degraded water resources through 
legislative or statutory authorities. In the Philippines, Manila’s local government has been 
given more autonomy and greater access to financial resources (Evans et al., 2012). However, 
enforcement of water quality regulations is difficult in developing countries. Institutional 
capacities are not able to keep up with rapid industrialization. Economic instruments, such as 
taxes and subsidy removal, clash with development goals (Kathuria & Sterner, 2006; Evans 
et al., 2012). Monitoring is costly and compliance is poor. The goal in this chapter is to identify 
cases in which market-based policy instruments have worked in the water sector despite the 
difficult institutional and economic contexts. 

 

  

                                                

1 There are inconsistencies and errors within the FAO reported numbers for wastewater treatment. For example, 
the calculated treatment levels using reported numbers for PRC are very high (~100%), compared to reports from 
other sources (Sato et al., 2013; Malik et al., 2015; Chakraborty & Mukhopadhyay, 2014). For the percentage 
treated, we use Malik et al.’s (2015) EPI figures, which tend to be more conservative than both the FAO and Sato 
et al.’s (2013) estimates. Sato et al. (2013) have acknowledged the dearth of recent, consistent, and complete 
information about wastewater production, treatment, and use. 
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Table 13: Wastewater Generation and Treatment in Asia 

Country Report

ing 

year 

Produc

ed 

munici

pal 

wastew

ater 

(109 m3/ 

year) 

Report

ing 

year 

Treated 

munici

pal 

wastew

ater 

(109 m3/ 

year) 

Wastew

ater 

that 

receive

s 

treatme

nt 

(FAO) 

Waste

-water 

that 

receiv

es 

treatm

ent 

(EPI) 

Banglad

esh 

2000 0.725 

   

0% 

Cambo

dia 

2000 1.184 1994 0.0002 

 

0% 

PRC 2013 48.51 2014 49.31 

 

18% 

India 2011 15.45 2011 4.416 29% 10% 

Indones

ia 

2012 14.29 

   

0% 

Lao 

PDR 

2008 0.0836 1995 0 

 

0% 

Malaysi

a 

2009 4.227 2009 2.603 62% 9% 

Mongoli

a 

2012 0.146 2006 0.12 

 

20% 

Nepal 2006 0.135 2006 0.006 4% 0% 

Pakista

n 

2011 3.06 2002 0.0306 

 

4% 

Philippi

nes 

2011 1.259 

   

1% 

Sri 

Lanka 

2009 0.1181 

   

0% 

Thailan

d 

2012 5.11 2012 1.168 23% 16% 

Viet 

Nam 

2012 1.972 2012 0.197 10% 0% 

Sources:  FAO (2016), Evans et al. (2012), Malik et al. (2015) 
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Table 14: BOD Emissions in Asia (kg/day) 
 

1998 2003 2006 

Bangladesh 303,022 

  

PRC 

 

7,066,070 8,823,750 

Indonesia 721,774 731,009 882,985 

Lao PDR 506 

  

Malaysia 

 

181,715 208,312 

Nepal 

 

26,808 

 

Pakistan 

  

153,680 

Philippines 179,901 143,262 

 

Sri Lanka 

  

266,109 

Thailand 311,822 

 

581,425 

Viet Nam 141,036 399,522 500,482 

Sources: World Bank (2002); Chakraborty and Mukhopadhyay (2014) 

 

3.2 Systematic Review of Market-Based Instruments for Water 
 
186. The rest of this chapter is organized around the use of MBIs to address three different 
water issues:  

• Inefficient use of irrigation water,  

• A poor inter-sectoral allocation of water, and  

• Poor surface water quality.  
 
187. For each policy instrument a review of experiences in South, East, and Southeast Asia 
allows for a comparison of experiences. Where possible, empirical evidence is used to support 
technical and political requirements and expected outcomes such as efficiency and efficacy. 
Finally, the chapter concludes with a discussion of lessons learned and recommendations for 
the future use and evaluation of MBIs. 
 
There are six MBIs commonly used to address water problems. 
 
188. The systematic review identified six MBIs used in addressing water problems : markets 
for trading water use/pollution rights, taxes/fees/charges, subsidies, payments for ecosystem 
services, and information provision (Table 15). For each policy issue, the key market-based 
instruments used in Asian countries are discussed and evaluated based on the systematic 
review and regional stocktaking.  
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Table 15: Overview of MBIs for Water Management in Asia 

 
3.2.1 Instruments to Tackle Inefficient Use of Irrigation Water 
 
Taxes, Fees, or Charges  
 
189. Water prices in the agricultural sector in Asia are extremely low and there is doubt 
about the ability of price reforms to reduce water use given the existing estimates of how 
responsive producers are to changes in the price of water (i.e. the “price elasticity of demand”) 
(Moore, 2014; Aregay, Zhao, and Bhutta, 2013). Most public irrigation schemes in Asia are 
heavily subsidized. Irrigation management reform has aimed to reduce these subsidies by 
transferring operation and maintenance responsibility to water users.  
 
190. Volumetric pricing as a market-based instrument can be used to tackle inefficient use 
of irrigation water by charging farmers for the amount of irrigation water consumed or 
delivered. However, the measurement of the volume of water used by each consumer requires 
an extensive network of water meters (or flow gages). In addition to installing the water meters, 
routine maintenance and meter readings are needed. Implementation costs are relatively high 
and a central water authority is required to set the price, monitor use, and collect fees (in the 
absence of a water market) (Tsur & Dinar, 1997).  
 
191. The efficient use of water would require that the price be set equal to the marginal cost 
of providing the water. While this type of pricing would encourage users to limit their water 
use, cost recovery may be difficult to achieve if marginal costs are lower than average costs 
or average costs are decreasing (Easter & Liu, 2005). Additionally, as the costs of system 
operation are relatively stable, the revenues from uncertain sales–possibly compounded by 
uncertain prices–provide an operating agency with limited financial security (Cornish et al., 
2004). 
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192. There have been studies on the effect of price increases in volumetric pricing, but there 
is surprising little known about the effect of switching from non-volumetric to volumetric prices.2 
The majority of the literature comes from PRC. One study finds that a 1% change in water fee 
will increase irrigation water use efficiency by 0.3% (Wang et al., 2010).  
 
193. Some evidence of the effect of pricing comes from pilot programs in PRC (Wang, 
Zhang, and Huang, 2016).3 The pilot reform project used two instruments. First, there was a 
real increase in electricity fees associated with irrigation pumping (20% in 2009 and 15% in 
2012) to reduce groundwater use. Second, reform subsidies added to the collected irrigation 
fees that were allocated to farmers at the end of each year to offset “potential negative impacts 
on their income” (Wang, Zhang, & Huang, 2016). They found that farmers in the pilot reform 
villages used 21% less groundwater for wheat and cotton, but not for maize (possibly because 
it is grown in the rainy season). The subsidy successfully mitigated farmer income losses.4 
While the pilot reform demonstrated success, it has not been applied widely in PRC due to the 
unique conditions present at the study site (e.g. dominant groundwater use, and deep, costly 
tube wells managed by village committees instead of farmers).  
 
194. A study of the Heihe River Basin finds that farmers are not very responsive to changes 
in water price, because it is far below the shadow price of water resources in most irrigation 
zones (Shi et al., 2014). They conclude that a reduction of agricultural water demand could 
occur only with a large rise in the water price and, therefore, “a quantitative control measure 
(would be) more effective at reducing water use.” Loeve (2007) also concludes that “(…) it 
remains unclear to what extent farmers were stimulated to save water due to (volumetric 
pricing). 
 
There can be unintended consequences and conflicts with other government policies.  
 
195. Surface water pricing can also clash with government policies aimed at reducing the 
disparity between rural and urban incomes and achieving national food self-sufficiency (Liao, 
Giordano, & de Fraiture, 2007).  
 
196. When volumetric pricing is introduced (or if prices are increased) for irrigation from 
surface water, farmers substitute from surface water to groundwater usage. Thus pricing the 
use of surface water can lead to an increase in the exploitation of groundwater resources.   
 
Agricultural water pumping is energy-intensive, so a hybrid MBI could target 
electricity as well as water pricing.  
 
197. In addition to water resources, the use of irrigation can involve significant energy use 
due to pumping. Some estimates suggest that agricultural water pumping accounts for over a 
quarter of total power consumption in India (Kumar, 2005; CMIE, 2002), which has led to 
studies of the impact of electricity prices on irrigation practices (Kumar, 2005; Kumar, Scott, & 
Singh, 2011; Shah et al., 2008; Mukherji, 2007). The lack of pricing groundwater has stressed 
India’s aquifers (Poddar et al., 2014; Shah, Giordano, & Mukherji, 2012), but despite 
groundwater depletion prices remain inefficiently low—indeed most of the time zero—and in 

                                                

2 In Zhanghe, it was found that even though farmers pay a water fee per area, they are quite aware of the link 
between the volume of water used and the price they pay for water (Dong et al., 2001). However, it remains 
unclear to what extent farmers were stimulated to save water due to this measure (Loeve, 2007).  
3 Wang, Zhang, and Huang (2016) visited 10 reform villages and 10 control villages in 2009 and 2012; the 
reforms were established from 2005 through 2008 in these villages. 
4 Without the subsidy, about half of the farmers would have lost money and half would have earned more, 
rewarding those who use less water for irrigation. With the subsidy, only 11% of wheat farmers lost money in 
2009 and just 5% in 2012. 



   

 

84 

 

the current price range farmers are unresponsive to small changes in prices (Shiferaw et al., 
2008; Singh, 2007). The strong link between irrigation and both energy use and water 
depletion suggest that a pricing mechanism could be applied to electricity as well as water 
(Kumar, Scott, and Singh, 2011; Shah et al., 2008; Mukherji, 2007). 
 
Water pricing could be effective, but it has been challenging in practice.  
 
198. In principle, volumetric water pricing would lead to an efficient allocation of water if 
prices are set correctly. In practice research has shown that pricing has been ineffective at 
current levels, and increasing the price enough to have an impact on use has been politically 
difficult. Studies in both India and PRC have found that volumetric water fees (or associated 
marginal costs for electricity use) lead to increases in efficiency and/or shifts to high-value or 
less water-intensive crops (Wang et al, 2010; Mukherji, 2007; Kumar, Scott, & Singh, 2011; 
Shiferaw et al., 2008). Research also shows that an increase in electricity fees reduces 
groundwater use (Kumar, Scott, & Singh, 2011; Kumar, 2005) and when paired with subsidies, 
mitigated farmer income losses (Wang, Zhang, & Huang, 2016). Other studies in both PRC 
(Zhou, Wu, & Zhang, 2015; Liao, Giordano, & de Fraiture, 2007; Shi et al., 2014; Loeve, 2007) 
and India (Shiferaw et al., 2008) descriptively argue that price effects are weak, therefore 
calling for the use of other policy instruments, such as quantity controls (and possible 
associated markets).   
 
199. Beyond efficiency gains from pricing, there are important practical considerations. For 
example, the costs of implementation have largely been overlooked in studies of water pricing. 
In Bangladesh, the Barind Multipurpose Development Authority (BMDA) pioneered a 
volumetric irrigation fee and pre-paid metering system in deep tube wells for groundwater- 
based irrigation system. These led to substantial cost recovery of irrigation water supply (Gain, 
Mondal, & Rahman, 2017). 
 
200. Moreover, there are also equity concerns that affect the political feasibility of the policy 
instrument. Though a few studies examine heterogeneity of effects across different subgroups 
(e.g., Kumar, Scott, & Singh, 2011; Kumar, 2005), addressing adverse distributional impacts 
could be critical to gaining the political will to develop effective pricing policies.  
 
3.2.2 Instruments to Tackle Poor Inter-Sectoral Water Allocation 
 
201. Though the intersectoral transfer of water between agriculture and other users is 
infrequent (OECD, 2010), moving water away from agriculture to uses with higher economic 
value is generally seen as desirable (Dinar, 1998; Rosegrant & Cline, 2002; Molle & Berkoff, 
2006). With quickly growing urban populations and urban water scarcity, in many cases, urban 
water supply can be augmented through transfers of water from agriculture (Molle & Berkoff, 
2006). The conventional conceptual framework presents a “straightforward case that water is 
misallocated” and that this failure prompts proposals for pricing and market mechanisms as 
an alternative (Molle & Berkoff, 2006; ADB, 2000; Holden & Thobani, 1996; Anderson & 
Snyder, 1997; Dinar, 1998; Rosegrant & Cline, 2002). The central idea of this framework is 
that “the largest single consumer of water is agriculture – and this use is largely inefficient ..., 
(so) even modest improvements in agricultural efficiency could free huge quantities of water” 
(Gleick, 2001).5 

                                                

5 However, there exist limitations of this conventional framework and Molle and Berkoff (2006) question the 
causal link between urban water scarcity and agricultural uses. They explain that the transfers are limited 
because arguments that urban water scarcity is caused by a wasteful irrigation sector are misleading. Much of 
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Water markets can transfer rights to higher-value uses.  
 
202. Of the transfer mechanisms, market-based instruments include: 1) trading formal rights 
in a regulated market (with positive experiences confined to countries with a strong legal, 
institutional, and regulatory background, such as the California Water Bank or other markets 
in the United States, Australia, and Chile) and 2) purchasing water from tankers in a free 
market (e.g., Chennai) or from neighbors in “spot markets” (e.g., warabandi in Pakistan and 
India) (Molle & Berkoff, 2006).  
 
203. Molle and Berkoff (2006) present a typology of intersectoral water transfers, dividing 
them into temporary and permanent transfers, with permanent transfers divided into gradual 
and outright transfers. Temporary transfers often occur during a drought. In Asia, Chennai has 
bought water from surrounding wells in times of shortage and Manila has reallocated water 
stored in reservoirs to municipal use (Molle & Berkoff, 2006). There are also cases of water 
purchases from wells and reservoirs in Chennai, Seville, Kathmandu, and PRC, but they are 
made through formal administrative decisions with negotiation and due compensation (similar 
to transactions in informal rights and regulated markets) (Molle & Berkoff, 2006).  
 
204. Gradual permanent transfers occur when a source is progressively diverted to supply 
a city (Molle & Berkoff, 2006). Examples in Asia of large gradual transfers include the Zhanghe 
Reservoir in PRC and the Chao Phraya River in Thailand; smaller transfers (in percentage 
terms) can be seen in the case of Chiang Mai (Thailand) and Hyderabad (India). Outright 
permanent transfers represent a reallocation of water from one sector to another.  
 
205. Qualitative studies of intersectoral transfers were found for India, PRC, Sri Lanka and 
Taipei,China. Large-scale, intersectoral water transfers using markets are rare in developing 
countries because of the strong legal, institutional, and regulatory requirements (Molle & 
Berkoff, 2006).  
 
206. Two prominent examples of intersectoral water transfers in PRC include transfers from 
agriculture to industrial, municipal and hydropower use in Hubei (Zhanghe reservoir), and 
transfers of water-usage rights by government in Ninxia (Moore, 2015; Zhang et al., 2016; 
Zhang, 2012). 
 
207. In the case of the Zhanghe Reservoir, a transfer from irrigation to higher value uses 
(industrial, municipal, and hydropower) was allowed over from the 1960s to early 2000s. The 
transfer of rights was successful, with relatively little loss in rice production (Hong et al., 2001). 
This is likely due to two factors: Rice yields have increased due to improved varieties and 
increased application of fertilizers. And volumetric pricing at the village level was introduced 
in the late 1980s, though the extent of water savings resulting from this is unclear (Loeve et 
al., 2007). 
 
208. In Ningxia, there was a pilot project in 2003 to transfer 144 million m3 of water 
entitlements from irrigation districts to two new hydropower plants for 25 years. Prices for 
water rights were mainly determined by the engineering costs of water-saving irrigation 
projects, and other price components have not been considered in the transfer price (i.e., 
scarcity rent of water resource, risk compensation for irrigation water shortages, and 
ecological compensation for affected parties) (Chen et al., 2009; Zhang, 2016). Part of the 
success was likely due to the large scope for investments in canal lining in order to transfer 

                                                

the water for irrigation is that which has no alternative use and the return flows are reused downstream (Molle & 
Berkoff, 2006). The problem of urban water scarcity is attributable not to the lack of water, but to the lack of 
capital instead.  
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usage rights to industry; moreover, water use in Ningxia’s urban regions was 80% above the 
natural rate of replenishment (Moore, 2015). 
 
209. In Taipei,China there does not exist a market mechanism for water rights trading. 
However, there are allowances for water transfers following negotiation and appropriate 
compensation (Huang et al., 2007). Two types of water transfers have occurred: (1) between 
water rights holders and (2) emergency transfers. Both involve transfer of agricultural water: 
to industrial users in the transfer between water rights holders, and to domestic users in the 
emergency transfer case. In the “regular water transfer” case, the negotiations between the 
water providers (Changhwa and Yunlin Irrigation Associations) and the recipient (Formosa 
Petrochemical Corporation) were difficult and took four years to complete, with arbitration from 
the Central Region Water Resource Agency. Huang and Chiueh (2010) examine agricultural 
water transaction data from 1989 to 2006 to better understand the impact of weather changes 
on the demand for agricultural water and the supply for transfers. Unsurprisingly, they find that 
water price is higher during drought periods. They also find differences in demand across 
industries. For example, the electronic parts manufacturing, chemical materials 
manufacturing, plastic products manufacturing, and petroleum and coal products industries 
could bear higher water prices than other industrial sectors, while water companies are more 
willing to pay higher prices than others during droughts. 
 
210. Studies of the demand responsiveness to price changes in different settings can shed 
light on water’s value in different settings. For example, one study of residential, commercial, 
and industrial sector demand for water in Colombo, Sri Lanka finds that industrial demand is 
highly responsive to price changes compared to residential and commercial demands. In this 
setting, a 10% increase in the price of water reduces the amount of water demanded in the 
industrial sector by over 13%, while the same increase would reduce water demand in the 
residential sector by only 1.8% (Hussain, Thrikawala, & Barker, 2002). 
 
Water markets can transfer rights to higher-value regions.  
 
211. Inter-regional water market transfers have not been used in Asia, except in PRC. In 
PRC, there is one relatively well-documented example of inter-jurisdictional transfer between 
Dongyang and Yiwu. Beginning in 1998, the municipal government of Yiwu (in Zhejiang 
Province) provided Dongyang, a neighboring city, US$24 million in construction funds in 
exchange for a permanent right to 50 Mm3 of water from one of its reservoirs (Molle & Berkoff, 
2006). Yiwu invested 3.1 million CNY to upgrade the reservoir by increasing the height of the 
dam and a further 35.7 million CNY in water conservation projects to save a total of 23,000 
m3 of water (Moore, 2015; Liu et. al, 2003). The investment not only saved Yiwu from building 
its own reservoir, but it also increased water supply capacity for both cities (Moore, 2015; Yi, 
2010; Wang, 2013). Moore (2015) cautions that this case may not be replicable because of 
unusually close relationship between the two cities, which see themselves “as a single 
integrated market and view cooperation from a strategic perspective” (Wang, 2013). 
 
212. Intersectoral and inter-regional water transfers, though infrequent, can occur through 
formal administrative decisions with negotiation and compensation, or through water markets. 
State, or public, allocation of water resources usually occurs under circumstances involving 
large scale systems; the resulting allocation often depends on the relative political influence 
of various stakeholders (Dinar, Rosegrant, & Meinzen-Dick, 1997). User-based allocation 
through water markets tends to be more flexible, but there are high transaction costs 
associated with organizing users to develop systems (Dinar, Rosegrant, & Meinzen-Dick, 
1997).  
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213. In PRC, beginning in 2001, the Ministry of Water Resources established a plan for a 
system based on initial allocation of usage rights to both regions and enterprises that allowed 
property holders to sell excess, unused water rights (Moore, 2015). Subsequent legislation in 
2002, 2005, and 2007 refined implementation by establishing basic criteria for the initial water 
rights allocation (Moore, 2015; Zhang & Jia, 2012). As a result, pilot water markets have 
emerged in the last decade in the groundwater market in Hebei Province (Xu et al., 2016; Mi 
et al., 2008; Zhang et al., 2008) and the surface water market in Gansu Province (Xu et al., 
2016; Zhongjing , Hang, & Xuefeng, 2009). In 2014, the Ministry of Water Resources in PRC 
began to establish a national exchange for water rights and regional water markets in four 
provinces: Inner Mongolia, Henan, Gansu, and Guangdong (Xu et al., 2016). 
 
214. The systematic review found many studies in PRC6 using theoretical and 
computational models, but only two empirical case studies, both on water markets in Gansu 
Province (Shiyang River Basin and Heihe River Basin). In the Heihe River Basin, in 2002, the 
Ministry of Water Resources initiated PRC’s first experimental project establishing a water-
use rights system with tradable water quotas (Zhang, 2007). However, the system was difficult 
to implement and trading was not popular. Zhang and Zhang (2008) report that total water use 
is 29% greater than the total water quota. Although the surface water quotas were more 
closely followed, groundwater use greatly surpassed the established quotas. Since property 
rights were well-defined for both surface and groundwater systems, Zhang and Zhang (2008) 
attribute the differences in quota system performance to enforcement through mutual 
monitoring. When groundwater pumping capacity is larger than water demand, users have 
little incentive to monitor the water use of others. When groundwater pumping capacity is less 
than water demand, the goals of the municipal local governments need to be aligned in order 
for groundwater quotas to be met (Zhang & Zhang, 2008). 
 
215. While the Chinese government was laying the groundwork for water markets, (surface) 
water trading organically emerged in 2008 in the Xiying irrigation district (in the Shiyang River 
Basin, Gansu Province) (Xu et al., 2016). There was no supervision or support from local 
governments in the beginning, but as more villages became involved, regulation increased 
(with price caps and authorities checking each trade) (Xu et al., 2016). Existing conditions in 
this area allowed for easier establishment of the water market: existence of an initial water 
rights allocation system, annual water-use cap for each water user association, established 
water user associations, and the presence of “effective water supply and monitoring 
infrastructures” (Xu et al., 2016). While markets became more active from 2008 to 2014, only 
1-3% of annual total water rights were traded during this period. The researchers found that 
the level of market activity in Xiying was much lower than those in developed countries, such 
as in Australia (Xu et al., 2016; Wei at al., 2011). Xu et al. (2016) posit that “further 
development of the market is limited because of several barriers, such as insufficient 
incentives for water saving and trading, high transaction costs, discontinuous irrigation rounds, 
and corruption.” 
 
216. In a second pilot, water markets in Xiying, Shiyang Basin, Gansu, also had low levels 
of trading, especially when compared to markets in developed countries, such as Australia. 
The Shiyang Basin water rights trading system consisted of three elements: 1) initial allocation 
of water rights to individual water users, 2) establishment of an online platform to record trades 
in order to increase participation and monitoring capability, and 3) investment in smart meters 

                                                

6 For more details about the systematic literature review, please see Appendix B. Regarding the review on water 
markets: of the 85 total papers, 70 papers are on PRC, 6 are on India, 3 are on Taipei,China, and there is one 
each for Indonesia, Iran, Pakistan, and Sri Lanka. Thirty-eight of the 85 papers have to do with water markets in 
agricultural water supply. Of these papers, only four papers were empirical analyses – three in PRC and one in 
Pakistan (tube-wells). 
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to monitor abstraction (Zhang, 2012; Gao, 2007; Moore, 2014). Although the Shiyang Basin 
project incorporates many of the internationally established best practices (e.g., individual 
water rights allocation and popular participation), the project also illustrated important 
challenges impeding the development of water markets in PRC (Moore, 2014). Researchers 
have attributed the limited number of market transactions to unclear legal foundations 
(entitlements referring to abstraction or actual consumption, duration of water rights), high 
transaction costs (with authorities checking each trade), insufficient incentives for water saving 
and trading (i.e., non-existent enforcement of water abstraction permits, quotas), and 
corruption (Xu et al., 2016; Zhang, 2012; Moore, 2014). 
 
217. The focus of research on water markets in Asia is currently on conditions required to 
establish a functioning water market. As there are no well-documented examples of 
functioning water markets in Asia (outside of Australia), questions about efficacy and efficiency 
cannot yet be evaluated in great depth, but we can begin to assess the technical and political 
requirements. As Moore (2014) notes, the most important challenge for implementation 
currently concerns the high costs of monitoring water use and enforcement of water right 
quotas. 
 
Performance Assessment  
 
218. The complex institutional conditions required for functional water markets for 
intersectoral and inter-regional water allocations are similar to those of water markets for 
irrigation water, as discussed in the last section. First, there must exist well-defined, 
quantifiable, and transferable property rights (Dinar, Rosegrant, & Meinzen-Dick, 1997). 
Establishing these conditions has been identified as a key challenge in PRC. The legal 
foundations of water resources trading are presently unclear, as there is a failure in many 
areas to clearly define annual water use entitlements (Moore, 2014). Often, the duration of 
granted water rights is uncertain and it is unclear whether rights-holders must re-apply to 
maintain their water allocations (Gao, 2007; Moore, 2014).  
 
219. Furthermore, in defining property rights, there may need to be unbundling or an 
accounting for hydrological realities (i.e., return flows) (Young, 2014). The lessons learned 
from water markets in Australia showed the importance of allocating water rights for 
ecosystem purposes (Young, 2015). However, in PRC, though there are mandates to ensure 
that sufficient water is maintained for use by ecosystems and for minimum stream flows, it is 
unclear who is supposed to designate and protect these entitlements (Moore, 2014; Liu, 2005).  
Water markets also have equity implications for smallholders and others who may be unable 
to compete in the market. Though tradable water property rights may ease the intersectoral 
reallocation process through compensation (Dinar, Rosegrant, & Meinzen-Dick, 1997), 
researchers have found that the water market reforms have had negative distributive impacts 
(Romano & Leporati, 2002).  
 
220. While inter-basin water rights trading has not occurred, there have been documented 
cases of compensated water transfers between industries and jurisdictions. In PRC, the inter-
jurisdictional transfer between Dongyang and Yiwu, two neighboring cities, led to benefits for 
both – an avoidance of building a new reservoir and increased water supply capacity for both 
cities. In Taipei,China there have been negotiated transfers, but in one case, the negotiations 
were difficult and took four years, requiring arbitration from a government agency. 
 
221. Existing empirical research in Asia on water market transfers between sectors and 
regions is not well developed because water markets are difficult to establish in a developing 
country context. Documentation of water market pilot projects in PRC is largely descriptive 
and comparative, with supplemental studies examining the increases in irrigation water 
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productivity. As water markets are not developed, research has instead documented the 
process and potential benefits of water transfers, such as in Taipei,China and PRC.7 Some of 
the existing empirical work focuses on understanding the differences in demand for water 
between sectors.  
 
3.2.3 Market-Based Instruments to Address Surface Water Pollution 
 
222. There are many market-based instruments used globally to tackle the problem of poor 
surface water quality. Water pollution is a classic environmental issue, and there is a rich body 
of work in both the global and Asian contexts. Three main market-based policy instruments 
are used: taxes, tradable permits, and information disclosure (a fourth, payment for 
ecosystems is also used, which is discussed in the next section). There are two main types of 
taxes: 1) effluent taxes, and 2) nutrient (input) taxes. Tradable discharge permits are similar 
to water markets in terms of the need for complex institutional pre-conditions, but instead of 
trading water-use rights, rights to discharge effluents are traded. Like water markets, tradable 
discharge permits have not been broadly applied in Asia and instead have only been piloted 
in PRC. Finally, experiences with information disclosure schemes are reviewed. 
 
Taxes, fees, or charges can be applied to actual discharge or to polluting inputs.  

 
Effluent taxes put a price on pollution discharge.  
 
223. Effluent charges are used to control water pollution in PRC (Wang & Wheeler, 1996; 
Wang & Wheeler, 1999), Malaysia (World Bank, 1997), Thailand (Simachaya, 2009) and in 
the Philippines (Laguna Lake) (World Bank, 1997). Pollution fees and enforcement in PRC 
have been found to be effective; however, they are often lower than the marginal cost of 
abatement and enforcement is often poor. In one study, each 1% increase in the water 
pollution levy reduced the intensity of organic water pollution by 0.8% (Wang and Wheeler, 
1996). When applied to the paper industry, pollution charges reduced industrial pollution and 
promoted technological innovations (Xu, Hyde, & Amacher, 2003).  
 
224. However, it is likely that pollution charges could be much more effective because there 
is poor enforcement of PRC’s environmental laws, and pollution charges are commonly 
underpaid (Hu & Luan, 2004; Xu & Luan, 2004). Only about 50% of the obligated pollution 
charges are actually collected (Li, Li, and Sui, 2009). Other studies showed that the 
enforcement of PRC’s pollution charges was typically affected by local governmental bodies, 
polluters, and other local stakeholders (Dasgupta, Huq, and Wheeler, 1997; Lin, 2013; Wang 
et al., 2003). Chen (2013) also found evidence of local protectionism. For instance, enterprises 
owned or closely affiliated with local governments were more likely to be sheltered from 
environmental charges compared to other enterprises. The local economy’s reliance on 
enterprise revenues was found to be negatively correlated with the stringency of the 
enforcement of pollution charges, which was itself negatively correlated with Chemical Oxygen 
Demand (COD).  
225. Malaysia introduced effluent fees, paired with licensing, to control pollution from the 
palm oil and rubber industries in 1978; notably, it was one of the first market-based instruments 
in the world (World Bank, 1997; Stavins, 2001; Rahim, 2005; Hojat & Rahim, 2012). The 

                                                

7 The South-North Water Transfer Project, in PRC, is the world’s largest inter-basin transfer scheme, connecting 
four major river basins (Rogers et al., 2016). Fang, Roe, & Smith  (2015) estimates that reallocation increases 
gross domestic product per capita by about 1.5% per year over the period 2000-2060, with the aggregate 
potential welfare gain to be 1002.51 billion CNY. 
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Environmental Quality (Prescribed Premises) Regulations required that crude palm oil mills 
apply for an operating license every year and stipulated discharge standards for Biochemical 
Oxygen Demand (BOD) and seven other pollutants. The annual license fee depended on the 
facility’s projected BOD load: 10 MYR8 per ton of BOD up to 5,000 milligrams per liter (mg/l) 
and an additional 100 MYR per ton exceeding the standard. Over time, the effluent standards 
became more stringent. The standard for BOD was gradually reduced on a yearly basis, 
reaching 100 mg/l by 1984. A year after the imposition of discharge standards, in 1978, the 
pollution load in Malaysia fell by more than half (Catelo et al., 2016). From 1977 to 1994, the 
organic pollution load in the rivers decreased significantly, by about 91%. Firms that owned 
crude palm oil and rubber mills also invested in wastewater treatment technology innovation. 
Some firms developed commercial by-products (i.e., animal feed, fertilizers, and biogas) from 
the effluent, thus avoiding the cost of treatment, as well as the pollution charges. 
 
226. In Thailand, wastewater tariffs have been implemented by local government authorities 
under local regulations enacted under the National Environmental Quality Act (NEQA) which 
was introduced in 1992. There were no regulations on wastewater tariff level and structures 
from the central government. Tariff designs are proposed by local government authorities and 
approved by Pollution Control Committee and National Environmental Board. For example in 
Saensuk, the municipality implemented the wastewater tariff collection in 1999. Domestic 
customers generating BOD not more than 200 mg/l was charged Baht 2.0/m3. While in 
Patong, tariff and permit rates for domestic wastewater were set at Baht 100/house and Baht 
400/house/year for domestic customers, and Baht 50/room and Baht 600/room/year for hotel 
owner (Simachaya, 2009).    
 
227. Another example is the Philippines’ effluent discharge fee system, which has high fee 
levels and has proven effective in limiting Biochemical Oxygen Demand (BOD) discharge 
(Anderson, 2002). In Laguna Lake, Philippines, environmental fees for industrial wastewater 
discharge introduced in 1997 led to an 88% decrease in BOD discharges between 1997 and 
1999 (Wheeler et al., 2000; Stavins, 2001). Within 10 years after the introduction of the 
environmental user fee system, the industrial sector’s contribution to lake pollution was 
reduced from 40% in 1997 to only 11% in 2006. In addition, this system also led to the following 
actions that brought about reduction in wastewater discharge to the lake: 1) increased efforts 
among the regulated sources to treat their wastewater by putting up new treatment facilities 
or improving their existing treatment facilities, 2) wastewater recycling activities, 3) waste 
minimization, and 4) voluntary closure or plant relocation (Catelo et al., 2016). 
 

Nutrient taxes can address nonpoint source pollution of water from agriculture.  
 
228. Surface water and groundwater pollution of nutrients causes eutrophication, algal 
blooms, and harmful effects to human health. Agricultural sources of nutrients are dispersed 
and difficult to identify, therefore raising a complex policy issue (Pearce & Koundouri, 2003). 
Nutrient taxes are an input-based policy instrument used to reduce pollution. There are three 
types of nutrient taxes: 1) the mineral fertilizer tax targets artificial fertilizers; 2) the nutrient 
input tax targets animal fodder nutrients (i.e., organic fertilizers); and 3) the nutrient loss tax 
targets application residuals, which is ex-post loss from the root zone (Andersen, 2013). There 
are also output-based policies encouraging farmers to substitute to less fertilizer-intensive 
crops through either taxes or subsidies (Sun, Delgado, & Sesmero, 2016).9  

                                                

8 1 $ = 3.9 RM in early 2018. 
9 In theory, output subsidies create similar effects as input subsidies in terms of encouraging excessive 
application of nutrient. 
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229. In developing countries, instead of fertilizer taxes, fertilizer subsidies are common.10 In 
an effort to increase agricultural productivity, farmers are charged less than the market price 
for fertilizer. This is the case for India, Sri Lanka, Indonesia, Chile, Malawi, and PRC 
(Andersen, 2013). In these countries, reduction of perverse incentives is a policy instrument 
itself. In PRC, there are massive fertilizer subsidies, worth US$18 billion in 2010 (Li et al., 
2013). Since the 1970s, farmers have paid 50 to 75% less for urea fertilizer than the world 
market price (Li et al., 2013). For fertilizers, the policy of price caps was removed in 2009. 
Tariffs are still in effect on imported fertilizers, but there have been reduced to mitigate 
domestic fertilizer shortages.  Four existing subsidy programs still remain (Li et al., 2013). 
Related to subsidies are incentive payments for land use changes.  
 

Tradable Discharge Permits  
 
230. In a system of tradable discharge permits (or water pollution rights), the water 
management authority establishes the maximum amount of emissions according to the 
ecosystem in question (Borghesi, 2014). Then, the total amount of emissions is divided into a 
fixed number of permits. After the initial allocations (through auctions or past levels of 
pollution), the holders can be allowed trade their permits in a secondary market (Borghesi, 
2014). Through this system, pollution abatement can be allocated to firms that have the most 
efficient production and abatement technologies. In practical applications, tradable permits 
often have been found to outperform taxes and voluntary best management practices in terms 
of welfare and environmental effectiveness (Johansson & Moledina, 2005; Young & Karkoski, 
2000; Borghesi, 2014). The political feasibility of a tradable permits program is also often 
higher than for an environmental tax because in the initial permit allocation, firms can receive 
a valuable property right to legally discharge emissions (Borghesi, 2014). There are, however, 
design and implementation challenges. First, there are often information asymmetries 
between the regulator and market participants. For example, the regulator needs to establish 
the proper number of permits. There are also regulation and monitoring challenges, where the 
regulator must establish ecological objectives, issue sanctions, and continuously monitor the 
market’s competitiveness (Borghesi, 2014). Also, tradable discharge permits are only possible 
if total discharges are strictly regulated. In many locations in Asia this prerequisite is not yet 
met. Information requirements and regulatory complexity can thus be to the establishment of 
tradable discharge permit markets to deal with water pollution in Asian developing countries. 
The success experienced through the trading scheme on the Hunter River in Australia 
encouraged other regions, for example PRC, to follow (Borghesi, 2014). The application of the 
tradable permits on the Hunter River was successful in inducing 11 coal mines and two 
electrical centers to reduce the introduction of saline water into the river. This success was 
attributed to the institutional capacity to regulate the market and reduce the uncertainty for 
trading agents (Borghesi, 2014). 
 
231. PRC is moving towards a market-based approach to regulating water pollution. Since 
2008, PRC’s Ministries of Environmental Protection and of Finance have selected seven 
provinces to pilot water pollution trading programs, though trades have not yet occurred (MEP, 
2008; Zhang, Zhang, & Bi, 2012). Of the seven locales, Lake Tai is one of the most 
prominent.11 In 2008, COD emissions trading was planned to be piloted in the Taihu River 

                                                

10 Our systematic literature review did not uncover any empirical papers examining the effects of subsidies (or 
subsidy reduction) on fertilizer use and water quality in Asia. 
11 The Tai River Basin was one of the most economically advanced, industrialized, urbanized, and populated in 
PRC. The area was subject to severe pollution and limited environmental capacity. The clash between economic 
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Basin, which would have given rise to the largest market for emission permits in PRC at that 
time. Both existing and new enterprises were required to purchase emission permits. During 
2009–2010, permits for 84,600 tons of COD emissions were traded in transactions worth over 
CNY 100 million in total. It has been difficult to expand the pilot to a national scheme due to 
the lack of a legal basis at the national level and the absence of reliable monitoring of pollutant 
emissions. Direct transactions among polluters have been rare and the market liquidity is low. 
 
232. With respect to Lake Tai’s water pollution trading schemes, there have not been any 
quantitative evaluations. The literature has focused on theoretical models. Zhou, Ye, and 
Zhang (2016) simulate the performance of a point source/nonpoint source water quality trading 
system in the Lake Tai watershed in PRC and find potential pollution abatement cost savings 
of 89% when compared to trading between nonpoint sources. However, uncertainties from 
measuring emissions and transaction costs between dispersed owners can significantly 
reduce the cost-effectiveness of the program. Zhang et al. (2013) use an agent-based model 
for Lake Tai as well, and they suggest a trading market restricted by zonal-based trading ratios 
could improve cost efficiency while meeting environmental constraints and avoiding “hot 
spots” (Hung & Shaw, 2005).  
 
233. On the Nanpan River, a non-tradable water pollution permit system was established in 
1992 (Tao et al., 2000). Tao et al. (2000) evaluate the Nanpan River for an application of a 
point-to-point source trading system. They estimate the potential cost savings of switching 
from a non-trading system to a trading system to be 18%. Even though researchers have 
found large cost savings, water emissions trading has not spread in PRC. In the context of the 
implementation of a pilot water pollution trading scheme in Tai Lake Basin, PRC, Zhang, 
Zhang, and Bi (2012) attribute this to policy conflict – notably with the “Energy saving and 
emissions reduction (ESER)” mechanism, a pollution reduction quota (a command-and-
control policy) that has local governments pushing new pollution reduction projects, such as 
requiring enterprises to obtain new equipment or implementing higher emissions discharge 
standards. Given the uncertainty surrounding future ESER, such policy conflict undermines 
firm’s incentives to engage in trading of water pollution permits: they may be more likely to 
store their allowances instead of selling (Zhang, Zhang, & Bi, 2012). While the uses of policy 
mix become a widespread in dealing with environmental problems, the conflicts among 
different policy instruments need to be taken into consideration in policy formulation and 
implementation.  
 

Information Disclosure as an MBI  
 
234. Public disclosure of firm pollution may correct information asymmetries and increase 
polluters’ costs of non-compliance (García, Sterner, & Afsah, 2007). In Asia, information 
disclosure schemes have been used in Indonesia (Afsah, Laplante, & Wheeler, 1997; García, 
Sterner, & Afsah, 2007; Dasgupta, Wheeler, & Wang, 2007), India (Powers et al., 2011), the 
Philippines, Viet Nam (Dasgupta, Wheeler, & Wang, 2007), and PRC (Wang et al., 2004). 
García, Sterner, and Afsah’s (2007) paper on the effectiveness of the Program for Pollution 
Control Evaluation and Rating (PROPER) in Indonesia uses panel data techniques with plant-
level data for participating firms and a control group. They find that there is an immediate, 
positive response, especially among firms with poor environmental compliance records. The 
resulting reductions in water pollutants were around 32% and the percentage of firms in 

                                                

development and protection of water quality was particularly evident. The Taihu Lake and its water system 
continued to deteriorate. The water body was moderately eutrophicated and the water quality was rated the 
lowest by the country’s water quality rating system. At the end of May 2007, an extraordinarily large bloom of 
blue-green algae in Taihu heavily contaminated its waters and triggered a drinking water crisis for nearly one 
million residents in Wuxi. 
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compliance increased from 36% to 59% (García, Sterner, & Afsah, 2007). The administrative 
costs of PROPER were also kept relatively low, about $1 per day per plant, for 187 plants over 
the first 18 months (Tietenberg & Wheeler, 1998). In the Philippines, a program similar to 
PROPER called the Industrial Eco-Watch Program was established in 1998 with a focus on 
water quality control. It was found to have worked effectively. After two years, the number of 
compliant firms increased from 8% in 1996 to 58% in 1998 (Anbumozhi, 
Chotichanathawewong, & Murugesh, 2011). 
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Box 4. Case study:  Information disclosure for waste reduction in Indonesia 

Context and description of the problem/application: In 1980s, water pollution was 
severe in Indonesia due to rapid industrialization, fast population growth, and 
urbanization. Despite huge efforts in using command and control instrument, water 
quality remained unsatisfactory.  
 
Description of Policy instrument: In 1995, PROPER, a public disclosure program, was 
launched. PROPER selected companies that were considered as the major contributors of 
rivers pollution to be rated corresponding to a five-colour performance rating 
scheme - gold, green, blue, red, and black. These colors correspond to the different 
levels of pollution control performance. With gold and green ratings, the regulators aimed 
at encouraging clean technology adoption. Factories were public praised that brought 
about competitive advantages. With blue, red and black ratings social pressures were 
a force for compliance. Factories were under legal enforcement and its competitiveness 
were undermined.  
 
PROPER’s operation had three main steps: data collection and verification from 
participating factories, data analysis, and assigning ratings followed by public disclosure. 
  
Main Findings related to criteria: PROPER had yielded quick and positive responses in 
raising the level of environmental compliance among industrial firms and the positive 
impacts remained in the following months. PROPER’s information accuracy was 
considered trustworthy since the program not only utilized data from prior programs but 
also collected both self-assessment data provided by the companies per se as well as 
primary field data from environmental inspectors. In addition, PROPER gained high 
political feasibility and was well received by the public. It is considered to have 
faster impacts and can minimize negative consequences.   
 
PROPER achieved both static and dynamic efficiency by not only driving firms to reduce 
their pollution level but also motivating them to promote green production. 
PROPER had been successfully reaching the government environmental 
target. However, its mechanism of collecting data resulted in relatively high operation 
cost which was the main regulatory burden. Besides, maintaining public trust on the rating 
system had been a challenge due to inadequate participation from civil society.  
 
Generalizable findings: PROPER’s success clearly demonstrates that the public at large, 
when empowered, can effectively monitor aberrations and violations in pollution control, as 
well as encourage good performance.   
 
PROPER faced challenges related to its credibility, uncertainty of public reaction, selection 
of participant, and sufficiency of media coverage.  
 
A public information disclosure program could reach greater scopes and larger impacts 
when the participation of all stakeholders, i.e. government, NGOs, investors, suppliers, 
consumers, employees, the public at large, and the companies, is taken 
seriously through creating shared goals and commitment; working closely with 
government and other agencies to gain sufficient human resources and adequate financial 
budget; having stakeholders participating in the rating process; and partnering with social 
organizations and NGOs to improve the availability, dissemination and transparency of 
data.  
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235. Similarly, Powers et al. (2011) evaluated the effect of India’s Green Rating Project 
(GRP) on the environmental performance of the largest pulp and paper plants using detailed 
plant-level data. They find that “the GRP drove significant reductions in pollution loadings 
among dirty plants but not among cleaner ones” (Powers et al., 2011). The reductions in water 
pollution per unit product were found to be around 10-20 percentage points, after controlling 
for factors that drive cross-sectional and intertemporal variation in pollutant discharges. 
Notably, they also find that plants located in wealthier communities were more responsive to 
GRP ratings. 
 
236. In Pakistan, Samad, Gulzar, and Ahmed (2015) analyze data from a survey of 60 textile 
firms.  They find that while there is inadequate monitoring and fines that hinder enforcement 
and compliance, non-regulatory pressures from international customers and competitors act 
as a major source of influence in the firms adopting environmental management practices. 
Based on these results, Samad, Gulzar, and Ahmed (2015) propose a rating system to trigger 
competition among firms. 
 
237. Wang et al. (2004) describe GreenWatch in PRC, a program that rates and publicly 
discloses firm environmental performance. Overall performance improved during both of the 
two pilot programs, with compliance rates increasing 10% in Zhenjiang and 39% in Hohhot. 
Wang et al. (2004) note that identification of the effect of GreenWatch is made more difficult 
because of a concurrent national program that focused attention on more rigorous 
enforcement of conventional regulations. 
 
238. There are many market-based policy instruments used globally to tackle the problem 
of poor surface water quality. Water pollution is a classic environmental issue, and there is a 
rich body of work in both the global and Asian contexts. Three main market-based policy 
instruments are used: taxes, tradable permits, and information disclosure (a fourth, payment 
for ecosystems is also used, but we reserve that discussion for the next section). There are 
two main types of taxes: 1) effluent taxes, and 2) nutrient taxes. Tradable discharge permits 
are similar to water markets in terms of the need for complex institutional pre-conditions, but 
instead of trading water-use rights, rights to discharge effluents are traded. Like water markets, 
tradable discharge permits have not been broadly applied in Asia and instead have only been 
piloted in PRC. Finally, experiences with information disclosure schemes are reviewed. 
 
Performance Assessment 
 
239. In Asia, the effects of effluent charges are the most empirically well-documented in 
PRC, Malaysia, and the Philippines. The Malaysian and Philippine applications of effluent fees 
were associated with large, significant decreases in BOD discharges. In PRC, pollution fees 
were too low and enforcement was poor, but there were still reports of reduced industrial 
pollution. In the Malaysian case of regulating palm oil effluent, however, the effects of the 
economic instruments have been confounded by other policies. Malaysian regulation of 
industrial pollution discharge took a carrot-and-stick approach, using both innovative 
economic instruments (i.e., the effluent-related license fees, excess fees (in the first year), and 
waivers for research expenditures) and traditional command-and-control policies (mandatory 
standards after the first year and a demonstrated willingness to suspend or cancel licenses) 
(Vincent, 1993). Due to the combination of policies, it is difficult to identify to which policies the 
reductions in effluent can be attributed. However, there was a clear trend towards command 
and control policies, where (1) there was a switch from excess fees to mandatory standards 
and (2) the effluent-related license fees were never revised after 1977 and thus weakened 
over time (Vincent, 1993). Hojat and Rahim (2012) find that the effluent fees are much lower 
than the marginal abatement costs of the firms, causing firms not to abate to the standard 
level and to pay the low charges from polluting rather than the high costs of abating. 
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240. With respect to issues of equity and political feasibility in Malaysia, the competitive 
world market for oil prevented the industry from passing on the costs of treatment and were 
borne by oil palm growers (a mix of private estate owners and publicly funded land 
development agencies) (Vincent, 1993). However, the estates and land development 
agencies did not protest because the effects of regulation were not obvious, and they faced 
greater issues from labor shortages caused by industrialization (Vincent, 1993). 
 
241. Nutrient taxes have been used to reduce pollution from non-point, agricultural sources 
in Europe, but not in developing countries, where subsidies are common. They have been 
used widely in Europe, but tax rates had to be very high because fertilizer use is relatively 
price inelastic. To ease the economic burden on farmers, revenues can be recycled to farmers. 
Denmark and the Netherlands both reported reductions in consumption of targeted fertilizers, 
but the minor environmental improvements were difficult to attribute to the nutrient taxes. In 
Sweden, it was found that financing research and development measures to reduce fertilizer 
use were more effective than nutrient taxes. Nutrient taxes have not used in the Asian context; 
indeed, fertilizer use has been widely subsidized. There have been no empirical studies in 
Asia examining the effects of the removal fertilizer subsidies on water pollution. 
 
242. There are many parallels between water markets and tradable discharge permits. Just 
as water markets theoretically allocate water to highest value uses, tradable discharge permits 
allocate pollution abatement to firms that have the most efficient production and abatement 
technologies. Application of markets for tradable discharge permits has occurred mostly in the 
United States and Australia, as well as in Canada and New Zealand. In the United States, 
there are many reports of little market activity, but, despite this, have also been reports of large 
improvements in water quality. In Asia, just as for water markets, tradable discharge permits 
are being piloted in PRC. There are no quantitative, empirical assessments of outcomes, but 
models suggest both pollution abatement cost savings with a trading system and strategies 
for enhancing the trading system. Despite these initial promising results, it has been difficult 
to expand pilots in PRC due to a lack of a legal basis and reliable monitoring of emissions. 
Additionally, there are policy conflicts with command-and-control policies that force all firms to 
reduce pollution, regardless of abatement costs. 
 
243. Public disclosure of firm pollution behavior incentivizes firms to reduce emissions 
without the presence of a strong regulator. Information disclosure both corrects information 
asymmetries and increases costs of noncompliance. Empirical evidence shows that pollution 
information disclosure has successfully led to emissions reductions in the United States and 
British Columbia, Canada. More than 20 countries have set up registries similar to TRI in the 
United States. Information disclosure schemes have been used widely in Asia, including in 
Indonesia, India, the Philippines, Viet Nam, and PRC. Empirical examinations have found 
large, significant reductions in water pollution due to PROPER in Indonesia, Industrial Eco-
Watch Program in the Philippines, India’s Green Rating Project, and GreenWatch in PRC. 
 

3.3 Conclusions and Lessons Learned 
 
244. When properly designed and implemented, MBIs can be cost-effective tools to 
promote efficient water use and reduce water pollution. MBIs allocate water resources to 
maximize net benefits to society, and they can reduce water pollution to specified target at 
least cost. However, in practice, MBIs in the water sector in Asian DMCs (Developing Member 
Countries) have often suffered from poor design, implementation, and monitoring and 
enforcement.  There are thus concerns about the actual ability of MBIs to achieve 
environmental targets in the water sector in Asia. Careful consideration of the choice of MBIs 
and the use of multiple policy instruments is needed. 
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245. New directions for the application of MBAEMs and flexible policy instruments in water 
sector in Asia may include behavioral nudges that use psychological interventions or changes 
in choice structure to influence the behavior and decision making of the water user (Russell & 
Fielding 2010). This is an emerging approach that could complement the use of MBIs. 
Behavioral tools such as social comparison messages (Ferraro & Price, 2013; Torres & 
Carlsson, 2016); information provision on water quality (Brown et al., 2017); a combination of 
techical information, moral suasion and social comparision (Bernedo et al 2014); social norms 
(Datta et al., 2005); and education campaigns (Szabó & Ujhelyi, 2015) have been 
experimented in water sector around the world. However, most of these experiments found 
only small effects of the nudges in reducing water consumption or non-payment. Careful ex-
ante economic analysis is required before the adoption of behavioral change interventions to 
ensure that they are actually welfare enhancing (Whittington and Nauges, forthcoming). They 
are likely to be most attractive for short-term use during droughts and in middle-income 
countries where households already have sewer connections and where wastewater 
treatment is already provided.  
 
246. MBIs related to water, like with air pollution, require creating and defining property 
rights. There will always be challenges in defining property rights that are simple enough to 
be easily traded, yet sufficiently complex to reflect the reality of the underlying ecosystem 
service. They must also be compatible with existing institutional and legal frameworks. The 
nature of the property right will depend on the characteristics of the good or service and the 
proposed market structure. For example, water rights require a strong institutional basis as 
they are intended to be traded among landholders. Individuals will require certainty in order to 
invest in water rights and associated infrastructure. These rights must also account for the 
variable nature of water availability – hence, most water rights confer an entitlement that 
depends directly or indirectly on the amount of water stored in upstream dams. The policy goal 
of ensuring that water is available for the environment and downstream users requires that 
rights can be clearly verified, for instance, through the installation of meters, water markets, 
water users (companies or individuals) can trade rights or entitlements to use water at the 
market equilibrium price (Gómez, Delacámara, & Pérez-Blanco, 2013; Hanak et al., 2011; 
Rey, Calatrava, & Garrido, 2011; Young, 2010; Easter & Liu, 2005). Water markets depend 
on supply and demand forces to determine the price for irrigation water. They are also more 
flexible than centrally controlled, allocation mechanisms (Johansson et al., 2002; Mariño & 
Kemper, 1999). Water markets allocate water to the highest value use by allowing farmers to 
sell their water-use rights to the highest bidders (Cornish et al., 2002). The economics of water 
markets parallel those of tradeable emission permits (i.e., cap-and-trade programs); however, 
instead of capping emissions, the quantity of water used or extracted is capped. Often, overall 
constraints on water abstraction are set and converted into a property right to use water 
(Gómez et al., 2013; Howe, 2000). Common policy objectives of water markets include curbing 
water scarcity, reducing drought exposure, increasing resilience through reallocating risks, 
creating opportunities to save and conserve water, and improving water allocation efficiency 
(Gómez, Delacámara, & Pérez-Blanco, 2013). 
 
247. Water markets are becoming more common, with successful global experiences 
showing that substantial economic gains and increased optimization of water resource use 
are possible. However, there have been experiences in the global context that have revealed 
design flaws, but these have led to proposed solutions and guiding frameworks. As water 
markets require sophisticated institutional arrangements, this policy instrument has only 
recently been explored in Asia, with pilot water markets emerging in PRC in the last decade. 
The pilot projects in PRC experienced challenges with implementation. In the Heihe River 
Basin, the system was difficult to implement and trading was not popular. Additionally, both 
groundwater and surface water use surpassed the quotas. 

https://en.wikipedia.org/wiki/Social_influence
https://en.wikipedia.org/wiki/Decision_making
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248. Effluent charges and pollution taxes for industrial pollution in Asia in general are low 
and accompanied by weak enforcement. Political feasibility and regulatory burden are two 
main reasons for this reality. Politicians in high growth economies in Asia have worried that 
taxes and charges might hinder economic growth. Moreover, investment in regulatory 
enforcement has not sufficient. On the other hand, information provision and labelling 
instrument for point source water pollution has proved to be successful in several countries 
such as Indonesia, Malaysia, the Philippines and PRC. Tradable discharge permits for water 
pollution have not been broadly applied in Asia, perhaps due to the substantial informational 
requirements and regulatory burden. 
 
249. We believe that a policy mix consisting of both information provision and effluent 
charges is the best way forward in most locations. Effluent charges provide polluters a 
continuous incentive to innovate and to find least-cost pollution abatement options. 
Information provision can eliminate information asymmetries between polluters and the public, 
and increase the political pressure on industries to abate.   
 
250. The review revealed many studies that examined the results of using various MBIs in 
the water sector in the Asia region. However, most of these evaluations were not planned and 
conducted by the government agency that initiated the use of the MBI. This has resulted in 
numerous limitations in the existing literature. First, baseline information is often not collected 
by the government agency initiating the MBI reform program. The result of this lack of baseline 
information is that typically it is difficult to construct a convincing counterfactual (i.e. What 
would have happened if the MBI had not been implemented?). The resulting evaluations are 
thus often subject to different interpretations. 
 
251. Second, many of the evaluations were conducted by academics and researchers at 
various think tanks, and often have been under-funded. These researchers surely want their 
work to be policy-relevant, but without adequate funding and careful advance planning, the 
results are often compromised and difficult to use from a policy maker’s perspective.  
 
252. Third, the review reveals that researchers often use different outcome measures to 
measure the effect of the intervention. Importantly, there are very few evaluations that used a 
benefit-cost criterion to assess the policy intervention. The absence of benefit-cost analyses 
of MBIs in the water sector is surprising given that the first applications of benefit-cost analysis 
in the United States were, in fact, in the water resources sector. The focus on different outcome 
measures often means that the outcome metric is most relevant for one stakeholder group. 
But looking at the effect of an MBI from only one stakeholder group’s perspective can be 
problematic for policy purposes.  For example, researchers analyzing social norms information 
treatments in the water sector often report the effect of the intervention in terms of reduced 
water use and cost savings to households, not recognizing that these cost savings to 
households are revenue losses to water utilities, and thus transfer payments in a benefit-cost 
analysis.   
 
253. In addition to more, carefully planned evaluations of MBIs in the water sector, in-depth, 
qualitative studies are needed of cases in which policy makers have been able to successfully 
navigate the politics of increasing water prices and charges. 
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Chapter 4. Market-Based Approaches to Waste 

Management in Asia 

Key Messages 

• The transition from command-and-control to market-based instruments for solid 
waste management will require legislation to define both property rights and 
responsibilities related to waste.  

• Property rights and incentives created by MBIs are central to reduce waste and 
enable waste beneficiation. 

• There are three key points for managing waste: upstream waste reduction, 
domestic and industrial waste collection, and waste processing.  

• Policy interventions should be directed towards the waste hierarchy: upstream 
waste reductions should be prioritised. 

• Waste management policy needs to be cognizant of different waste streams, and 
policies aimed at waste beneficiation should target specific waste streams. 

• Taxes, Fees, and Charges benefit from their simple design, facilitate cost recovery, 
and are often effective in reducing upstream waste generation, but require 
monitoring and enforcement. 

• Hybrid Policies such as Deposit-Refund Schemes can support waste collection and 
sorting at the source. 

• Scope exists to extend the use of information provision and voluntary agreements 
to encourage more responsible production.  

• There are opportunities for significant gains if “low-hanging fruit” policies 
are adopted. If implemented, these policies could be transformative for many 
countries struggling with waste management.  

 

4.1 Introduction 
 
254. This chapter focuses on solid waste from households and businesses. It presents a 
systematic overview of the status and scope of the use of market-based approaches to waste 
management in Asia, as well as providing a discussion of some of the successes and failures 
of policies that have been analysed in the literature. Finally, it identifies policy gaps in waste 
management in Asia. 
 
The transition from command-and-control to market-based instruments for solid 
waste management will require legislation to define both property rights and 
responsibilities related to waste.  
 
255. Solid waste can be illegally burned or informally dumped in streets or rivers or on the 
edges of settlements, formally collected at homes or businesses and disposed of in landfills, 
or bought and sold in formal and informal markets. These processes not only have negative 
impacts on human health and the environment, but they also constitute a lost opportunity to 
extract value from waste. To extract value from waste, it can be separated at the source (e.g., 
household recycling bins), picked out of dumps and landfills and then separated by 
impoverished and unregulated entrepreneurs, or burned under controlled conditions to 
produce energy.  
 
256. Ideally, the quantity of solid waste produced should be reduced through production 
methods and consumer choices. Figure 2 shows the hierarchy of waste management policies 
from most desirable (prevention) to least desirable (disposal). 
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Figure 2. The Waste Hierarchy 

 

257. It has been difficult to implement alternatives to dumping and landfilling in lower-
income countries in Asia because of the lack of enabling legislation that incorporates private 
actors and all types of waste. Waste management has historically been the responsibility of 
municipal (local), provincial (state), or national (federal) levels, or some combination of all 
three tiers of government. Consequently, the traditional policy instruments for waste 
management are command-and-control-based. Their major feature is that regulatory bodies 
evaluate each instance of waste and then decide on the treatment. 
 
258. Historically, non-hazardous waste was mainly disposed of in landfills. However, this 
practice has been internationally recognized to be harmful to the environment (El-Fadel et al., 
1997; Lisk, 1991). Consequently, alternative waste management options, including zero 
waste-to-landfill policies, are now prominent features in many European countries (Bartl, 2014; 
Curran and Williams, 2012). However, in developing countries, this objective is much more 
challenging because of the lack of enabling legislation that deals with all waste streams and 
incorporates the private sector. Consequently, there is increasing interest in market-based 
instruments (MBIs) for waste management that has seen the state look to the private sector 
to assist with waste management efforts. 
 
259. Although entrepreneurs handle many kinds of waste in developing countries, these 
activities are often carried out by informal micro-enterprises (Medina, 2008). Formal waste 
markets can be developed through overarching waste management legislation that is generic 
enough to provide flexibility for private actors to process all kinds of waste. To enable the 
market to do its job effectively, property rights for waste must be clearly defined. The public 
must also be engaged to raise awareness of how much waste they are producing. In that way, 
both the production and the consumption of waste can be targeted. 
 
260. Depending on the waste stream, different instruments will be applicable. But each 
waste stream has to deal with the same set of issues pertaining to the upstream and 
downstream, demand- and supply-side aspects of the waste value-chain, including waste 
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collection, storage, treatment, prevention, recycling, reuse, and (increasingly) export. 
Entrepreneurs in one country will often purchase waste from other countries; this means that 
the trans-boundary movement of waste must also be incorporated into domestic waste 
management policies. 
 
261. Effective waste management strategy requires an integrated approach, often 
encapsulated by the 3R’s (Reduce, Reuse, and Recycle) and emanating from the G8 Action 
Plan on Science and Technology for Sustainable Development adopted in 2004 (UNEP, 
2017). This means that waste management can be improved at various stages: (i) upstream 
waste production can be reduced; (ii) waste collection can be made more comprehensive and 
efficient; and (iii) waste processing can allow for the reusing and recycling of disposed waste. 
Coherent and integrated policies for waste management develop specific goals for each stage 
of the waste hierarchy so that, over time, policies such as zero waste can be achieved. 
 
Property rights and incentives are central to reduce waste and enable waste 
beneficiation. 
 
262. When formulating policy for waste management, it is often useful to define the end 
goal. Increasingly, global best-practice is directed to a policy of “zero waste,” which looks to 
encourage not only zero waste to landfill (and increasingly, zero waste to incineration), but 
better waste management practices on the production and consumption sides of the market. 
For example, products must be redesigned to take explicit account of their end-of-life uses 
and reuses and/or decomposition. This means that entrepreneurs have to be incentivized by 
policy to (re)design the products they manufacture in a more sustainable way. In this way, a 
more holistic approach can be taken to waste management (Singh and Ordoñez, 2016; Stahel, 
n.d.). 
 
263. Each waste stream can be viewed similarly to an industrial sector. Just as governments 
encourage industrial development using industrial policy, there should be a policy for each 
waste stream to encourage waste beneficiation activities. Depending on the waste stream, 
different commercial opportunities will exist. Creating the correct enabling environment to 
unlock the enormous value in these waste streams also requires creating appropriate 
oversight institutions to monitor the management of the fiscal, prudential, and market conduct 
issues that inevitably arise once waste streams are operationalized. In developing countries, 
this also means engaging with the informal sector and considering how best to incorporate 
informal activities into mainstream waste management efforts. 
 
Policy interventions should be directed towards the waste hierarchy: upstream waste 
reductions should be prioritised. 
 
264. A useful framework for developing policy interventions is to utilize the waste hierarchy 
shown in Figure 2 and consider where current initiatives focus and where possible policy gaps 
may exist for waste management. In the discussion below, we evaluate how Asian countries 
have used MBIs for different parts of the waste hierarchy. It is often the case that when 
countries have very underdeveloped property rights regimes with no enabling legislation, they 
will only focus on waste disposal. As the overall policy goals become more advanced, different 
policies are created for every part of the waste hierarchy, and both markets and government 
regulations are crucial institutions required to move up the waste hierarchy over time. We now 
turn our attention to the challenges of Asian nations in realizing the economic and 
environmental potential of better waste management opportunities. 
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Urbanization, rising domestic consumption and export-oriented production are 
driving waste generation in Asia 
 
265. With a population of 4.5 billion people and rapidly rising per capita incomes, Asia is 
seeing an unprecedented increase in consumption levels. Asian urban populations are 
growing at an average of 1.5% per year, faster than any other major region in the world (UN, 
2014). This rapidly growing group of urban residents with disposable incomes and access to 
markets will present a key challenge to Asian cities that have to manage municipal solid waste 
(MSW) in the next few decades. Medium-sized cities and cities with fewer than one million 
inhabitants are growing the fastest, and ensuring that these cities have the capacity to cope 
with the challenge of waste management will be a key to establishing a sustainable trajectory.  
Figure 3 and Figure 4 illustrate the immense growth in domestic material consumption in the 
Asia-Pacific region over the past four decades, reflecting the rise in both production and 
consumption. Domestic material consumption is defined as direct, gross physical domestic 
extraction (DE) of materials from the environment within a nation’s territory, plus direct physical 
imports (IM) minus direct physical exports (EX) of materials (UN Environment IRP, 2017). 
While domestic consumption does not translate into an equal amount of waste generated, the 
continued trend of significant growth in material consumption will likely translate into the 
generation of significantly more waste in Asia. PRC, in particular, has been an important driver 
of this growth and is now close to North America in per capita terms of domestic material 
consumption. It is also important to note that Asia is a diversified continent with an average 
waste produced per household per day varying from as low as 0.22 kg in Mongolia to 0.94 kg 
in Singapore. 
 
266. In addition, almost half of the world’s manufacturing production takes place in the Asia-
Pacific region (UNIDO, 2018), and a mixture of inadequate legislation and enforcement, as 
well as externalized costs of waste from production, have led to the development of 
unsustainable production processes. This poses an acute threat to human and environmental 
health with global implications.  
 
267. This unprecedented increase in production and consumption in Asia, associated with 
the increase in the material burden of the economy, calls for a need for increased resource 
efficiency. This requires more efficient, less material-intensive, and environmentally friendly 
production processes as well as the reduction, reuse, and recycling of waste.  
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Figure 3. Domestic Material Consumption 

 
Source: (UN Environment IRP, 2017). Note: Domestic Material Consumption is defined as direct, gross 

physical domestic extraction (DE) of materials from the environment within a nation’s territory, plus direct 

physical imports (IM) minus direct physical exports (EX) of materials. 

 

Figure 4. Per Capita Domestic Material Consumption (metric tons/capita) 

 
Source: (UN Environment IRP, 2017). Note: Domestic Material Consumption is defined as direct, gross 

physical domestic extraction (DE) of materials from the environment within a nation’s territory, plus direct 

physical imports (IM) minus direct physical exports (EX) of materials. 

 

0

10

20

30

40

50

60

70

80

90

100
D

o
m

es
ti

c 
M

at
er

ia
l C

o
n

su
m

p
ti

o
n

 (
B

ill
io

n
 T

o
n

n
es

)

Asia + Pacific West Asia

Europe Africa

Latin America + Caribbean North America

Eastern Europe, Caucasus, and Central Asia

0

5

10

15

20

25

30

35

1
9

7
0

1
9

7
2

1
9

7
4

1
9

7
6

1
9

7
8

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

D
o

m
es

ti
c 

M
at

er
ia

l C
o

n
su

m
p

ti
o

n
 

(T
o

n
n

es
/C

ap
it

a)

Asia + Pacific Indonesia India Japan

Europe China North America Pakistan



   

 

111 

 

Solid Waste: Definitions, Statistics, and Trends  
 
Waste management policy needs to be cognizant of different waste streams, and 
policies aimed at waste beneficiation should target specific waste streams. 
 
268. Solid waste emanates from different stages of production and consumption. Different 
countries have their own definitions for particular categories of waste (Kawai & Tasaki, 2016). 
Understanding these distinctions is important for crafting effective policies. Policy instruments 
that may be suitable for a particular type of waste or targeted at a particular stage of the waste-
creation process may be unsuitable for others. Examples of waste streams include the 
following, shown in Table 16 below.  
 

Table 16. Waste Streams 

Agricultural waste Hazardous waste 

Nuclear waste (see Radioactive 

waste) 

Animal by-products Heat waste Packaging waste 

Biodegradable waste Household waste  

--Household hazardous 

waste 

Post-consumer waste 

Biomedical waste Radioactive waste 

--Low-level waste 

--High-level waste 

--Mixed waste 

(radioactive/hazardous) 

--Spent nuclear fuel 

Bulky waste 

Human waste Business waste 

Chemical waste 
Industrial waste 

--Slag 

--Fly ash 

--Sludge 

Clinical waste 

Coffee wastewater Recyclable waste 

Commercial waste Residual waste 

Composite waste Inert waste Retail hazardous waste 

Construction & demolition 

waste Inorganic waste Sewage 

Consumable waste Kitchen waste Sharps waste 

Controlled waste Litter Ship disposal 

Demolition waste Liquid waste Slaughterhouse waste 

Domestic animal waste Marine debris 

Special waste (see hazardous 

waste) 

Electronic waste (e-

waste) Medical waste Toxic waste 

Food waste Metabolic waste Uncontrolled waste 

Gaseous wastes Mineral waste Waste heat 

Green waste Mixed waste Wastewater 

Grey water Municipal solid waste Winery wastewater 
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Levels of Solid Waste in Asia are growing rapidly 
 
269. Projections are that solid waste generated by the world’s cities will increase to 2.2 
billion tons by 2025, with growth in waste quantities being fastest in Asia (Bhada-Tata & 
Hoornweg, 2012). Waste production in both the South Asia region and the East Asian and 
Pacific regions are expected to more than double by 2025 from their 2012 levels. In contrast, 
total waste production in the 34 OECD countries, while starting from a high base, are likely to 
remain relatively constant, if not to decline in the future, as a result of increasingly stringent 
regulation, slowing population growth, and changing consumer attitudes (Kawai & Tasaki, 
2016). In Asia, the combination of waste from unsustainable production and consumption 
means that improved waste management is now an issue of fundamental importance for the 
ecological and social welfare of the region. It is also a global issue. 
 
270. Municipal Solid Waste (MSW) is one of the largest components by weight of total solid 
waste in urban areas, but rates vary significantly across countries, with agricultural, industrial, 
and construction and demolition (C&D) waste being the other major components of solid 
waste. High-income countries still produce roughly 46% of all MSW (Bhada-Tata & Hoornweg, 
2012). However, high collection rates and modern processing techniques in the majority of 
rich countries contribute to lower levels of environmental and social harm. Waste collection 
rates are around 73% in the East Asia and Pacific region and 64% in the South Asia region, 
compared to a collection rate of 98% in the OECD member states (Bhada-Tata & Hoornweg, 
2012). 
 
Eight of the top 10 countries ranked according to mismanaged plastic waste are 
situated in Asia. 
 
271. When ranked according to the mass of mismanaged plastic waste, eight of the top 10 
countries in the world are situated in Asia (Jambeck et al., 2015). Much of this plastic ends up 
in the world’s oceans via rivers, and a recent study found that ten rivers contribute to around 
90% of the plastic in the world’s oceans. Eight of these are in Asia (Schmidt, Krauth, & Wagner, 
2018). Asia produces 41% of the world’s e-waste, and only 15% of this is documented to be 
collected and recycled (Baldé et al., 2017). 
 
272. These statistics point to an urgent need for action and better tools to meet the growing 
quantity of waste being generated in Asia. In the absence of well-designed, effective waste 
management schemes, including the effective use of economic tools available to policy-
makers, unmanaged waste is likely to have severe environmental and social consequences 
in the coming decades, especially in rapidly growing cities. 
 
273. Solid waste management is also a critical component of meeting the Sustainable 
Development Goals (SDGs), as outlined below.  
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Resource decoupling: the challenge of raising living standards while minimizing 
waste 
 
274. As incomes increase, people tend to consume more and generate more solid waste. 
Figure 5 shows the positive relationship between per capita levels of MSW generation and per 
capita GDP. As Asian economies continue to grow, the dual challenge will lie in: (i) breaking 
the trend of increased MSW with higher GDP; and (ii) improving waste collection and 
processing to deal with the inevitable increase of total waste generation. 
 
275. The experience of countries like Norway, Singapore, and Japan suggests that it is 
possible to maintain high living standards while producing much less waste than, for example, 

Box 5. Solid Waste Management and the Sustainable Development Goals 

Waste management is an integral part of the sustainable development goals (SDGs). It is 
directly linked to at least seven of them (ISWA, 2017): 
 
Goal 12. Responsible Consumption and Production: Numerous production practices 
are still inefficient, and rates of consumption result in an immense material burden on the 
world. Action is needed to reduce upstream waste from production processes, improve the 
collection of waste, and improve the processing, reusing, and recycling of waste to make 
both production and consumption sustainable. 
 
Goal 3. Good Health and Well-Being: Hazardous waste and inadequate waste 
management processes pose a direct threat to human health. 
 
Goal 6. Clean Water and Sanitation: Inadequate waste management poses a risk to 
water pollution as hazardous materials leach into ground and surface water sources. 
 
Goal 11. Sustainable Cities and Communities: Asian cities are growing at 
unprecedented rates. An integral part of ensuring that cities are healthy and sustainable 
living spaces lies in the reduction and efficient management of waste. Utilities need to be 
equipped to collect and process waste, but smart policies are also needed to reduce waste 
production upstream in the production process. 
 
Goal 13. Climate Action: At present, a large proportion of waste in Asian countries is 
either uncollected or ends up in landfills. Landfills produce significant amounts of methane 
and other greenhouse gases, and methane from landfills is responsible for 12% of total 
global methane emissions (EPA, 2006). 
 
Goal 7. Affordable and Clean Energy: The potential energy that is lost when waste is 
taken to landfills presents a lost opportunity to produce energy. The incineration of waste 
has been used successfully in many countries to produce a clean and renewable source 
of energy. 
 
Goal 17. Partnerships for the Goals: Waste management is a problem that has both 
national and international implications. Waste streams often cross national boundaries, 
and the management of waste presents an opportunity for mutually beneficial regional 
partnerships and collaboration. 
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the United States, Denmark, and Australia. Per capita levels of MSW generation in Japan are 
roughly the same as those in Mexico, Malaysia, and Sri Lanka even though Japan’s level of 
GDP per capita is more than twice that of these countries. This illustrates that while the overall 
trend is for MSW generation to increase with higher living standards, this is not inevitable. 
 

Figure 5. Municipal Solid Waste Generation and GDP Per Capita 

 
Source: Per Capita Municipal Solid Waste Data from Kawai & Tasaki (2016) and GDP Data from the World 

Bank (2018) 

 
276. The challenge for emerging economies lies in decoupling economic growth and social 
well-being from excessive resource use and waste generation. This concept, known as 
‘resource decoupling’ and illustrated in Figure 6, is intimately linked to the efficiency with which 
natural resources are converted into economic outputs in the production chain (UNEP, 2011). 
The related concept of ‘impact decoupling’ relates to reducing the environmental impact of 
economic activity. The success of both of these goals will be important in fostering better waste 
management. In order to achieve this resource decoupling and to meet the Sustainable 
Development and Climate Goals, increased resource efficiency will be needed. Moreover, 
individual country experiences, as well as technological improvements, are showing that 
resource efficiency is often both practically attainable and a source of economic opportunity 
that can contribute to economic growth and job creation in itself (UNEP, 2016). 
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Figure 6. Resource Decoupling 

 

Source: (UNEP, 2011) 

 
277. Resources can be used more efficiently in production processes. Approaches include 
Extended Producer Responsibility (EPR), in which the manufacturer of a product is 
responsible for the entire life cycle of the product as opposed to only its production (Lindhqvist, 
2000), Sustainable Consumption and Production (SCP), life cycle-based management, Life 
Cycle Thinking (LCT), Integrated Solid Waste Management (ISWM), the 3R’s, and Circular 
Economy as well as resource efficiency.  
 
278. In the next section, an overview of the various market-based approaches to solid waste 
management in Asia will be presented. Thereafter, the findings present a systematic review 
of the literature on market-based tools in each of the three applications to waste management 
– upstream waste reduction, domestic and industrial waste collection, and waste processing. 
Section 4.3 provides a comparative analysis of the use of the various policy instruments drawn 
from the international and Asian experiences of market-based approaches to waste 
management. The final section will conclude and focus on the lessons learned so far and next 
steps in applying market-based approaches to waste management. 
 

4.2 Systematic review of MBIs for waste management in Asia 
 
279. The analysis in this chapter is based on a systematic review of the academic literature 
on waste management in Asia. A total of 80 contemporary peer-reviewed journal articles 
concerning market-based tools for waste management were identified using a set and 
replicable protocol and classified by type of analysis, focus and conclusions. The direct results 
of this systematic review are communicated below.  
 
There are three key points for managing waste: upstream waste reduction, domestic 
and industrial waste collection, and waste processing. 
 
280. The economic policies to affect the waste management stream can be applied at three 
points: (i) Upstream Waste Reduction; (ii) Domestic and Industrial Waste Collection; and (iii) 
Waste Processing.  Upstream waste reduction refers to production processes and consumer 
choices that affect the quantity of waste. Waste collection refers to the methods for collecting 
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waste, which range from formal pick-up at homes and businesses (sometimes with separation 
of recyclables at the source) to sites where recyclables and other waste can be deposited, to 
no formal collection at all. Waste processing refers to the ultimate disposition of waste, ranging 
from putting it in a landfill with no further extraction of value (or extraction of value by garbage 
pickers in the informal economy) to reuse, recycling, or energy production.  
 
281. This section discusses the Asian experience in using market-based waste 
management policies for these three applications. The discussion is framed by an extensive 
systematic review of the literature on market-based policy tools for waste management in Asia. 
For each application, there are various economic tools that can be of use to policy-makers. In 
particular, five market-based instruments are highlighted: (i) tradable permits; (ii) taxes, fees, 
and charges; (iii) subsidies; (iv) hybrid policies or policy mixes; and (v) information provision. 
The efficacy and constraints of each of these economic tools are also evaluated in relation to 
country experiences. 
 
Most Asian countries make use of some economic instruments for waste 
management, but inadequate coverage, improper design, and a lack of 
implementation limit the effectiveness. 
 
282. In most Asian countries, MSW management has emerged as an issue of growing 
public concern. In recent years, policy and legislative measures to deal with solid waste have 
been introduced at a faster pace as the magnitude and risks associated with this problem are 
becoming clearer.  
 
283. One advantage of MBIs is that well-functioning waste markets could involve less of an 
information and enforcement burden, compared to conventional attempts to directly regulate 
waste. Real-time measures of waste generation, which are needed to monitor and enforce 
regulations, are lacking in many Asian countries, and state capacity to implement policies may 
be strained as well. However, a knowledge of incentive structures, the organization of 
industries, and the implications of various costs can allow policy-makers to craft policies that 
place lower regulatory burdens on municipalities while achieving waste management targets. 
Taxes, fees, and charges levied on inputs or products can incentivize producers to transition 
to less waste-generating production or to reuse materials. Well-designed collection subsidies 
or deposit-refund schemes can improve waste collection rates. Information provision can help 
to change consumer attitudes towards waste and encourage producers to transform their own 
practices to meet these.  
 
284. In addition to the missing market problem, another reason so much waste is generated 
– and often ends up in landfills – is that there is little cost associated with waste generation, 
disposal, and processing. As well as creating incentives for markets for waste, MBIs can 
impose an explicit cost on these activities. 
 
285. Most Asian countries have introduced MBIs for waste management at some stage of 
the waste stream. One key challenge lies in the implementation of existing policies and the 
enforcement of existing legislation. Especially in countries where the informal sector is a 
significant part of waste management and formal systems lack adequate capacity, waste 
management policies dependent on a well-functioning public sector have not yielded the 
desired results. An integrated approach to solid waste management (SWM) with workable 
goals is central to well-functioning, outcomes-oriented policies. It is of limited value if a given 
policy improves the collection of waste but there is no commensurate oversight to guide the 
safe and effective processing thereof. 
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286. Tables 17 and 18 provide an overview of the use of MBIs for waste management by 
instrument, application and country. In particular, they show that the uptake of particular 
economic instruments differs for the three applications to waste management. Not all 
instruments are suitable for a specific waste application and not all available and even viable 
economic instruments have been used to address a particular waste-related problem. While 
many Asian countries have introduced policies to address waste collection and processing, 
there is a relative dearth of the use of economic tools when it comes to upstream waste 
reduction. In this regard, the EPR policies have not been used in Asia as extensively as they 
have been in Europe and North America. Tradable permits have hardly been used in the 
management of waste in Asia. The overall picture emerging from Table 17, however, is that 
economic instruments are being used extensively in the waste sector in Asia and that there is 
large scope for learning from these experiences in order to make future applications even 
more efficient.  
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Table 17. Overview of the Current Use of Market-Based Instruments for Solid Waste Management in Asia 

 Upstream Waste Reduction Domestic and Industrial Waste Collection Waste Processing 

Tradable 

Permits 

  Carbon trading using animal feed wastes: PRC 

Clean Development Mechanism (CDM) projects: 

India, Bangladesh 

Taxes, Fees, 

or Charges 

User Charge/ Collection Fee: Bangladesh, 

Thailand, Cambodia, Lao PDR, Indonesia, Viet 

Nam 

Treatment Fee by weight/PAYT: PRC  

Pollution Charge/Tax: PRC, Mongolia 

Environmental Tax: PRC 

Environment Fund: Thailand 

Penalties for non-compliance: PRC 

Property and trade service tax: Malaysia 

Differential collection fee and segregation: PRC 

User charge for Construction and Demolition Waste 

(C&DWaste): PRC 

Tax on Electronic and Electrical Producers and 

Importers: Thailand 

User charge: Macau 

Bag-based collection charge: Taipei,China 

Recycling fee: Taipei,China; India; Malaysia 

Recycling fee on electrical and electronic products: 

Taipei,China; PRC 

User charge on emptying faecal waste: 

Bangladesh 

 

Subsidies Tax rebate: PRC 

Tax exemptions for storage and treatment of 

hazardous wastes: Malaysia 

 

Subsidy to cooking oil recycling: PRC 

Payment for accepting agricultural waste: PRC 

Subsidy on e-waste and WEEE: India 

Subsidy on MSW collection: Mongolia, Viet Nam 

Write-off provision on investment in environment 

protection: Malaysia 

Subsidy to develop organic fertilizer markets: 

Bangladesh, India 

Subsidy on bio-gas plants: Bangladesh, PRC  

Waste treatment subsidy: PRC 

Subsidy on recycling: PRC, Malaysia, the 

Philippines, Thailand 

VAT refund for waste treatment plants: PRC 

Income Tax Exemption for waste recycling and 

treatment: Malaysia  

Subsidy on composting: Taipei,China 

 

Hybrid 

Policies 

Subsidy for recyclers and tax on construction: PRC 

Public awareness, financial incentives, zero-waste 

policy: Taipei,China 

 

Recycling fee and subsidy to recyclers: 

Taipei,China 

Sharing of tax on CDM: PRC 

Recycling fee and development of second-hand 

product market: PRC 

Deposit-refund scheme for batteries: India, 

Bangladesh  

Deposit-refund scheme on ELV: PRC 

Subsidy for recycling and deposit-refund on 

batteries: PRC 

Waste collection tax and development of 

infrastructure for MSW management: Mongolia 

Recycling tax import facilitation and recycling park 

for steel recycling: PRC 
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Deposit-refund scheme on WEEE: PRC; 

Taipei,China; India 

Deposit-refund scheme for automobile tires: 

Taipei,China 

Deposit-refund scheme and waste exchange 

program: the Philippines 

Information 

Provision, 

Labels, and 

Voluntary 

Agreements 

Information disclosure on pollution control: PRC 

Mandatory awareness-raising by local government: 

Mongolia 

Developing formal recycling market: PRC  

Industrial waste exchange program: the 

Philippines 

Public participation, regulation on waste processing 

and source separation: India 

Enforcement rules and conflict in governance: 

Nepal 

Technical assistance and financial incentives: 

Taipei,China 
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Table 18. Systematic review results: Number of academic journal articles by waste management Instrument and Application 

  
Applications 

  
Upstream 

waste 

reduction 

Waste 

collection 

(domestic and 

industrial) 

Waste 

processing 

In
s

tr
u

m
e

n
ts

 Tradable permits 0 0 0 

Taxes, fees and charges 6 11 21 

Subsidies 3 4 11 

Hybrid policies 4 6 9 

Information, Labels and 

Voluntary Agreements 3 1 8 

 
Total 16 22 49 

Source: This table is based on the systematic review of the literature on the use of MBI’s in Asia. An overview of the systematic review can be found in Annex B of this 

report.  
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287. Tables 18 and 19 summarize the use of different classes of MBIs in selected Asian 
countries covered by the systematic review. They illustrate that there is significant variation in 
the uptake of market-based instruments for waste management in Asia across countries and 
across instruments. The majority of studies on MBI’s in Asia have focused on the effectiveness 
of taxes, fees and charges and that instruments that focus on waste processing have received 
the most attention in the academic literature. Policies dealing with upstream waste reduction 
have received comparatively little attention, in part because most waste management policies 
in Asia today try to target and manage existing waste, as opposed to reducing waste at the 
source. Table 19 shows that PRC and India, the two largest economies of Asia, have used a 
significant variety of market-based instruments to deal with solid waste management, while 
there remains substantial scope for countries like Viet Nam, Nepal and Lao PDR and 
Cambodia to adopt MBIs. In addition, Table 19 also illustrates that, while taxes, fees and 
charges have been most widely used for upstream waste reduction, collection fees and hybrid 
policies such as deposit-refund schemes have been most widely used for waste collection and 
subsidies to support recycling activities for waste processing.  
 
288. The ‘gaps’ in the use of market-based instruments are also illustrative; they are shown 
in Tables 17, 18, and 19. Tradable permits are hardly used in waste management. This is 
likely due to the heterogeneity in waste types, which makes it difficult to put a price on waste. 
Information provision, lables and voluntary agreements are potentially important instruments 
which thus far are little used in waste management in Asia.  
 
289. Table 20 summarizes the studies in the systematic review that focus on the different 
policy instruments and evaluation criteria. The table shows that the most commonly examined 
policy instruments are taxes, fees, and charges, followed by hybrid policies and subsidies. It 
can also be seen that there are no studies about tradable permits that focus on the different 
evaluation criteria. For taxes, fees, and charges, the table shows that quantitative and ex-post 
evaluations are common types of studies, especially for evaluating informational requirements 
and efficacy. An important finding from the table is that few studies use regression analysis 
methods to examine the different policy instruments. 
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Table 19. Use of Various Market-Based Instruments in Selected Countries 

General Instruments: 
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 Upstream Waste Reduction 

Tradable Permits               

Taxes, Fees, and Charges x x x x  x x x x  x  x x 

Subsidies   x            

Hybrid Policies   x  x          

Information Provision, Labels, and 

Voluntary Agreements  
  x    x        

 

 Waste Collection 

Tradable Permits               

Taxes, Fees, and Charges   x   x    x x x   

Subsidies  x x x   x x       

Hybrid Policies x x x  x      x   x 

Information Provision, Labels, and 

Voluntary Agreements  
  x           

x 
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  Waste Processing 

Tradable Permits  x x            

Taxes, Fees, and Charges x x x x x          

Subsidies x x x x x x         

Hybrid Policies  x x  x  x       x 

Information Provision, Labels, and 

Voluntary Agreements  
 x   x       

x 
  

Source: This list is based on the systematic review of the literature, presented above. 

 

 

 

 

Table 20. Number of studies in the systematic review that focuses on the different policy instruments and evaluation criteria 

 

Note: The colors of the bubbles refer to different types of studies (e.g. blue bubbles show the number of quantitative studies) and the size of the bubbles 

shows the number of studies (e.g. the smallest bubbles show that there are between 1-5 studies).  
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4.3 Market-Based Instruments Can Be Applied at the Upstream, 
Disposal/Collection, and Processing Phases of Waste Management 

 
290. The following section analyzes the effectiveness of the instruments by application, 
based on the findings in our systematic review of the academic literature. 
 
4.3.1 Upstream Waste Reduction 
 
291. To reduce upstream waste at the source, the instrument used most by countries in 
Asia is in the class of taxes, fees, and charges. This is partly because the current set of local 
government institutions is mandated to deal with wastes from households. When there are 
similar living standards in a given neighborhood and low levels of average waste generation 
per capita, user fees or charges are the easiest means of collecting fees. Many jurisdictions 
find it easy to collect these taxes by charging them as a part of property tax; in one case (in 
Mongolia), it was a fixed percent of electricity bills.  
 
292. However, as cities have grown, many have found it difficult to deal with large volumes 
of MSW. Particularly in light of rising standards of living, household waste has become more 
heterogeneous, which has led cities to experiment with the practices that exist in developed 
countries. As a result, countries began to introduce Pay-As-You-Throw (PAYT) collection fees. 
PAYT schemes incentivize reduction of waste at the source, unlike fixed collection fees. 
However, for household waste, such a fee is difficult to levy because it requires weight 
measurement while being collected and strict enforcement to penalize illegal dumping. 
Taipei,China used fee-per-bag to deal with this, though success of such schemes is 
dependent on citizens’ participation. However, PAYT fees are easier to implement for 
commercial or industrial waste, although the experience of implementing pollution charges for 
solid waste discharge in PRC revealed the importance of charging an appropriate charge 
rate/tax rate to ensure its effectiveness. Studies also found that while there is a general level 
of acceptance among people in many of the countries to pay for collection, many countries 
have privatized the collection jobs to local businesses or non-government organizations where 
waste collectors are paid directly by homeowners for their job. 

 
Taxes, Fees, and Charges benefit from their simple design, facilitate cost recovery, 
and are often effective in reducing upstream waste generation, but require monitoring 
and enforcement. 
 
293. Almost all Asian countries have implemented taxes, fees, and charges for managing 
MSW, as shown in Table 21. Taxes, fees, and charges, though applied on collection or for 
ensuring proper recycling, can also reduce waste generation. These policies create a 
disincentive for producers and consumers to generate waste and encourage the adoption of 
more resource-efficient processes. Such charges/taxes have the double benefit of generating 
income for waste utilities as well as reducing waste generation. However, in most countries, 
the charges are very low and only cover a portion of the cost of managing the waste. In other 
cases, inadequate enforcement means that these taxes and charges are avoided. 
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Table 21. Selected Examples of Pricing for Upstream Waste Reduction 

Country Description Comments 

Bangladesh In some urban areas, 

household waste is now 

collected by NGOs or local 

communities/clubs (a 

model developed by the 

Kalabagan Housing 

Society in Dhaka in the 

1980s). Households pay a 

monthly collection charge 

for this service (Bala, 

2012). 

 

Its success has made the 

system grow. City councils 

remain liable for 

transporting waste from 

secondary collection points 

instead of daily collection 

from house-to-house, 

which has reduced the 

financial burden on the city 

councils. 

 

India Several municipalities have 

used user charges on 

waste collection from 

households and then 

transferred part of the fund 

to the recycling industry 

established under public-

private partnership to 

recover recyclable 

materials and process 

them (Mohan, Sinha, & Lal, 

2016). 

Mohan, Sinha, & Lal find 

that user charges are the 

highest revenue generator 

as compared to sale of 

recyclable waste and 

compost during the years 

2012-15. Other studies 

have found that some 

households are willing to 

pay more for efficient 

waste collection (Hazra, 

Goel, & Maitra, 2015). 

Mongolia Mongolia introduced a 

waste service fee in the 

form of a tax by the district 

taxation office in January 

2013. In 2014, the 

proportion of households 

that paid the waste service 

tax was 81% in apartment 

areas and 57% in ger 

areas (forms of peri-urban 

residential districts in 

Mongolia). Businesses and 

other organizations had 

contractual agreements 

with the waste service 

providers (TUKs) and 90% 

of them paid the waste 

service tax. The price is 

higher in ger areas than in 

apartment areas due to 

higher costs.  

 

In ger areas, waste service 

fees were formerly 

collected by TUKs, but 

since 

July 2011, they have been 

paid together with 

electricity bills through 

electricity distribution 

companies (which draw a 

transaction fee of 23% of 

the waste service fees 

collected). 

After the introduction of the 

new payment channel, the 

proportion of households 

that paid for waste 

collection services 

increased from 28% in July 

2011 to 57% in 2014.  
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4.3.2 Domestic and Industrial Waste Collection 
 
294. Success in waste collection is dependent on several factors: (i) acceptance and 
willingness of households and industries to separate different kinds of waste and to deliver 
their waste to recycling collection points; (ii) efficiency of the waste collectors to take the waste 
to processing/recycling stations; and (iii) level of awareness of local communities of 
regulations related to waste collection. While incentives are provided to segregate waste at 
the source, the system will not be effectively implemented if a system does not exist to collect 
the materials separately. Therefore, it is imperative to ensure that a system of waste collection 
exists to ensure that recyclable wastes are recycled formally. 
 
295. Historically, collection of waste was thought to be the job of the local municipalities, 
and so, in many cities, citizens used to pay little attention to this. As the standard of living has 
become higher, there is also a growing demand among communities to make the collection 
system work better and, hence, it has become costly. User charges in the form of flat fees for 
collection of domestic waste have been the most popular in Asian countries, as they are easier 
to implement, though they do not provide incentives for reducing waste. In countries like India 
and Bangladesh, such charges are usually collected by agencies providing door to door 
collection of waste. These charges are generally low and do not include the costs of 
transportation or processing incurred by the municipality. Market-based incentives can be an 
efficient strategy to introduce efficient collection systems and, thus, reduce threats to the 
environment. 
 
Hybrid Policies such as Deposit-Refund Schemes can support waste collection and 
sorting at the source. 
 
296. The appropriate policy often depends on the type of waste. For example, a hybrid 
policy such as reducing the price of a product nearing expiry date could help reduce food 
waste (Aramyan, Valeeva, & Vittuari, 2016). This type of policy requires flexibility in regulation 
as well as buy-in from producers and retailers. Examples are shown in Table 22. 
 
297. Many Asian countries have introduced deposit-return schemes (DRS) to induce 
households to sort through their garbage and return certain kinds of waste to the designated 
collection points. This instrument has been successfully used for collection of electronic and 
electrical wastes; expired/used batteries of mobiles, laptops, toys, etc.; and automobile and 
similar parts. However, the biggest challenge to collection of these wastes comes from 
informal scrap markets. Studies have shown that unauthorized recyclers can afford to collect 
materials from consumers’ doorsteps because of their low-cost recycling processes that are 
harmful to the environment. As such, some countries used income from the recycling fee to 
develop authorized collection centers for recyclable items to combat unauthorized trade of 
recyclable materials. This is a major regulatory challenge because unauthorized collection of 
these wastes ends up being processed without adequate care for compliance with 
environmental quality standards. Several studies have focused on increasing the level of 
awareness among consumers about the importance of returning wastes to designated 
collection points, and on subsidizing collection centers. The strategy of formalizing the informal 
markets of waste recycling of recyclable/reusable waste is emphasized in most of the research 
results from Asia. 
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Table 22. Hybrid Policies and Deposit-Refund Schemes - Selected Examples 

Country Description Comments 

India In the city of Alapuzha, the “Clean Home 

Clean City” campaign was implemented as 

a means to efficiently manage waste 

generation. The interventions combined 

creating awareness through sanitation 

clubs in schools and door-to-door 

awareness campaigns with collection of 

plastics in return for coupons, providing a 

subsidy of 75%-90% for installation of 

aerobic pipe compost/biogas plants to 

households, providing infrastructure, 

monitoring dumping, and imposing a 

penalty on illegal dumping. 

As a result of the 

program, consumption of 

Liquified Petroleum Gas 

(LPG) cylinders came 

down in the 2013-14 and 

2014-15 periods (Paul, 

2017). 

 

PRC The government introduced a subsidy and 

deposit-refund scheme for end-of-life 

vehicles (Wang & Chen, 2013) to promote 

authorized recycling of vehicles at the end 

of their life. The deposit is refunded along 

with the residual value of the car once it is 

returned to the collection center, and the 

owner receives a certificate of cancellation 

of registration of the vehicle. The subsidy is 

provided to authorized recyclers to protect 

them against illegal recyclers and to 

develop the recycling market (Chen et al., 

2015). PRC also introduced a subsidy and 

tax together to make the recycling industry 

viable, reducing the amount of waste going 

to landfills (Zhao, Leeftink, & Rotter, 2008). 

 

South Korea In Korea, the Waste Management Law, 

introduced in 1986 and renewed in 1991, 

required that deposit-refund systems on a 

range of items be implemented. Both 

manufacturers and importers were required 

to pay deposits that could be claimed back 

on proof of proper disposal (Hong, 1999).  

The costs of disposing 

wastes were higher than 

the deposits and, thus, 

recapture rates were 

low. 

 

Taipei,China Taipei,China introduced a mixture of 

command and control and economic 

instruments to improve garbage collection 

and recycling. A “Keep Trash Off the 

Ground” (KTOG) policy entails a change in 

garbage collection practices, and the 

collection of recycling at the same time as 

garbage, as well as mandatory garbage 

sorting coupled with a per-bag trash 

Yu-Long Chao (2008) 

find that the KTOG 

measures increased the 

amount of recyclables 

collected as compared to 

three other policies 

implemented, but 

citizens' participation in 

the program is a key 

factor for its success. 
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collection fee. This became known as the 

“Four-in-One Recycling Plan.” 

Informal waste collectors and processors pose both a challenge and an opportunity 
for rethinking waste management policy. 
 
298. The large informal sector involved in waste collection and processing in many Asian 
countries, and particularly in South Asia, poses both a challenge for centrally designed 

Box 6. Case study: Deposit-refund scheme for lead-acid batteries in India 

Context and description of the problem: The battery industry in India consumes 74% of 
lead produced. As of 2016, the market size of lead-acid batteries in India stood at $4.47 
billion and is expected to grow at a compound annual growth rate of 8.36% over 2017-
2022 (Chechi, 2017). The Basel Convention characterizes lead-acid batteries as 
hazardous waste. Lead is a highly toxic metal and exposure to it can cause hypertension, 
developmental defects, renal dysfunction anemia, impaired learning, irreversible mental 
impairment, and even death (Needleman et al., 1999; Cal-Recycle, 2000).  On the other 
hand, the identical quality of recycled and primary lead makes lead one of the most 
recyclable metals. Recycling lead under controlled conditions not only reduces 
environmental damages (Krishnan & Gouda, 2018), but recovery of lead from used 
batteries is 39% less energy-intensive than producing lead from primary sources 
(Metalworld, 2016). However, there are both formal and informal battery recycling markets 
in India (Gupt, 2012), and informal recycling is damaging to the environment (Carrington, 
2016). 
 
Description of policy instrument: To facilitate recycling of lead batteries in a safe and 
environmentally friendly manner, India’s Ministry of Environment & Forests formulated the 
Batteries Management and Handling Rules, 2001 (BMHR). The BMHR instituted a deposit-
refund scheme to ensure collection of used batteries. Under this scheme, consumers do 
not make a deposit upfront, but instead receive a discount on the purchase of a new battery 
when they return the used battery. 
 
Main findings related to criteria: In spite of the BMHR and a high awareness among 
consumers regarding the scheme, it has only been partially successful due to the existence 
of the informal sector. The informal sector siphons off batteries at both the collection level 
and the recycling level. 
 
Collection level: The informal sector is able to pay a higher price for used batteries, as 
they do not incur the costs associated with complying with the BMHR. Informal recyclers 
make frequent visits to retailers, which make this arrangement convenient as well as 
lucrative for retailers. 
 
Recycling level: The minimal investment required to set up informal units makes it 
extremely hard to keep account of the units and penalize non-compliance (Toxics Link, 
2011). In addition, the existence of markets for local brands of informal battery 
manufacturers, lack of effective monitoring, and registered smelters running at less than 
100% capacity further ensures that the informal sector thrives in the country, in spite of the 
deposit-refund scheme. 
 
Generalizable findings: It is necessary to ensure that the buy-back price that the retailer 
receives from the manufacturer is higher than the price paid by the informal sector and 
should be inclusive of the storage costs borne by the retailer and the taxes paid. 
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policies, as well as an opportunity to incorporate it. The case study below illustrates one such 
example in the case of lead-acid batteries in India. 
 
4.3.3 Success in solid waste management is critically dependent on the quality of 

waste processing.  
 
299. Waste collection is not efficient if the waste is not processed effectively after collection. 
Despite this fact, many Asian countries have yet to develop functional sanitary landfill sites for 
household wastes, waste-to-compost, waste-to-energy, or waste-to-product concepts. 
Experiences from Asian nations suggest a need for (i) a capital subsidy for establishing waste 
processing units; (ii) a concept of waste separation at the source; and (iii) waste collection 
centers. In many Asian countries, informal recycling is a major threat to promoting 
environmentally friendly recycling. Therefore, the system must also use incentives to increase 
formal recycling so that informal recycling becomes less lucrative for them. Finally, waste 
processing is not enough. The manufacturing sector must also be incentivized to use recycled 
resources as input in their production process. 
 
300. Some of the countries introduced a 'recycling fee' on manufacturers and importers of 
electrical and electronic products in order to generate additional resources. Furthermore, a 
few countries gave access to these resources to the manufacturer to design eco-friendly 
products. It therefore suggests that a hybrid set of policies is required to promote waste 
processing that includes incentives for recycling for consumers, recyclers, and manufacturers. 
However, again, the policies require monitoring to ensure that incentives are not misallocated. 
 
301. Finally, to promote recycling, reuse, and recovery from waste, studies also revealed 
that there is a need to make collection centers available in local communities in order to make 
the recycling market competitive with regular products. At the same time, to encourage 
investment in recycling, which is often costlier than regular investment for similar products, 
there is genuine need for a subsidy plan covering initial investment. Such subsidies can also 
be effective in reducing unauthorized and harmful recycling. Tradable permits can be linked 
directly to emission reductions, but such a system has greater information requirements in 
terms of emission reductions achieved and so requires the development of independent 
institutions. The market for carbon using the CDM has been used to some extent, by 
Bangladesh to trade CO2 emissions. This is a good example of how carbon markets could be 
used to reduce waste generation. 
 
Subsidies can play an important role in supporting nascent waste collection and 
beneficiation industries, but need to be carefully targeted 
 
302. Subsidies that incentivize producers to adopt technologies for limiting waste 
generation during production should be able to play an important role in increasing resource 
efficiency. As will be seen below, subsidies have the potential to play an important role directly 
in waste collection and recycling. To maintain collection of waste from households in urban 
areas, many municipalities in Asia used to receive a state subsidy, as shown in Table 23. The 
need for subsidies is largely due to the failure to develop the necessary institutional 
mechanism to make the cities accountable in terms of collection of urban taxes. However, in 
a large majority of cities, the waste collection system has been separated into several stages 
and the primary waste collection (door-to-door) is without any subsidy. 
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Table 23. Subsidies for waste collection and processing - selected examples 

Country Program Comments 

PRC Subsidy (including 
exemption from profit 
taxes) for waste-
incineration power 
generation.  

Waste incineration causes high carbon 
emissions per ton of waste. If waste is not 
fully burnt it results in particulate matter 
emissions. Generous subsidies may also 
harm the industries’ competitiveness and 
sustainable development (Zhao et al., 2016). 
Subsidies should be conditional on the 
harmless treatment of waste, an independent 
third-party rating agency should monitor 
waste incineration performance data, and 
local governments should have an open-
access information system (Zhao et al., 
2016). 

India Market development 
assistance subsidy to 
support the marketing of 
composted organic 
components of municipal 
solid waste to farmers.  

Farmers were found to be unwilling to 
purchase compost as no direct 
subsidy/incentive was being provided. 
Another factor highlighted by the report was 
the need to create awareness among 
farmers for use of compost (MoCF, 2017). 

 

Malaysia The Malaysia Industrial 
Development Authority 
offered companies: (i) an 
annual allowance to write 
off an initial investment if 
they adopted the use of 
environmental protection 
equipment, establish 
facilities to store, treat, or 
dispose of their own 
wastes, or reduce energy 
consumption within three 
years; and (ii) a deduction 
from their income tax for all 
donations made to 
environmental protection or 
conservation organizations 
(Rahman, 2011).  

Many of the agro-industries on rubber and 
palm oil production used this opportunity and 
invested in environmentally friendly 
technologies to treat their effluents. 

 

PRC PRC introduced a subsidy 
on the recycling of Waste 
of Electrical and Electronic 
Equipment and of end-of-
life vehicle (ELV) parts. 
The draft rule for recycling 
of WEEE was introduced in 
2004, which was prompted 
by the E.U. rules on 
Huawei Electronics to 
comply with the green 
market chain and eco-
design of equipment sold in 
E.U. markets. 

Between 2010 and 2013, recycling has 
increased from 24% to 34% due to this 
program (Liu et al., 2017). While large firms 
have the ability to recycle their wastes, small 
firms cannot do it alone. As such, the policy 
introduced a sharing principle to share the 
cost of recycling between municipalities, 
manufacturers, and retailers, and launched a 
program of green market chain (Chen, 
2005). 
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4.4 Market-Based Instruments Have Potential to Convert Increasingly 
Complex Waste Streams into Value 

 
303. This section will discuss the international and Asian regional experiences of market-
based instruments to tackle waste management. In addition, it will discuss some of the factors 
associated with successful policies. 
 
304. The traditional strategy to let local government units manage waste is seriously 
challenged, since most municipalities find it financially difficult to cope with rising waste 
volumes in light of rapid urbanization and rising incomes in Asia. This has resulted in the use 
of a range of market-based instruments in Asian countries to deal with rising volumes of 
increasingly complex wastes coming from households, industry, and commercial units. Unlike 
many developed countries, many countries in Asia also have a large number of informal waste 
recyclers who fulfill an important role in waste management, but are also at times causing 
significant harm to the environment by not processing waste in accordance with the rules. In 
many countries in Asia, informal recycling industries are well established and use various 
market channels to secure their supplies. 
 
4.4.1 Global Experiences 
 
Taxes, fees, and charges are a useful tool to facilitate waste sorting at source 
 
305. Pay-As-You-Throw (PAYT) schemes, tax levies, user charges, and deposit-refund 
schemes internalize environmental costs associated with waste generation into polluters’ 
decisions. Studies find that introduction of PAYT schemes, in general, has led to an increase 
in the sorting of waste (Bucciol, Montinari, & Piovesan, 2011; Bartelings & Sterner, 1999). 
However, the impact on reduction of waste at the source is mixed. Bartelings and Sterner 
(1999) find a reduction in waste collected after the introduction of a weight-based billing 
system, while Bucciol, Montinari, and Piovesan (2011) find no such evidence. Introduction of 
PAYT schemes in Virginia led to a reduction of waste generated, but researchers also found 
evidence of illegal dumping. Jenkins et al. (2003) find that the price of disposal is not a 
significant determinant of household recycling. In addition to unit pricings simply signaling an 
incentive to reduce trash, the finding indicates the importance of setting a price of disposal 
high enough to create a response. 
 
Information campaigns and deposit-refund schemes improve the collection of 
hazardous wastes 
 
306. Increasing public awareness is successful in increasing the amount of hazardous 
waste collected and in increasing recycling behavior (Lim-Wavde, Kauffman, and Dawson, 
2017; Rhodes et al., 2014). And in a study done in Abadan, Iran, in addition to the awareness 
campaigns, provision of infrastructure is also necessary to promote recycling (Babaei et al., 
2015).  
 
307. Deposit-refund schemes have been successfully implemented in many developed 
countries to take back used goods for recycling. Deposit-refund schemes in Germany resulted 
in 98% of refillable bottles being returned by consumers. Similarly, in Sweden, recovery rates 
reached 86% for cans and 77% for PET bottles after the introduction of the scheme in 1984. 
Norway also has a recovery rate of 75-90% for its deposit scheme for containers, implemented 
in 1999. 
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Extended producer responsibility schemes are widely used internationally, but 
underutilized in Asia 
 
308. As illustrated in Figure 7, the past three decades have seen the emergence and recent 
proliferation of Extended Producer Responsibility (EPR) policies across the globe. These 
policies have proven to be key in ensuring that the waste generation costs associated with 
production are internalized by producers. In particular, this internalization of the waste-related 
costs of production has resulted in targeted products being designed with their entire life cycle 
in mind, as well as improving the collection of used products. Of these EPR policies, take-
back requirements have emerged as the most commonly used, comprising 72% of global EPR 
policies in 2013 (Kaffine and O’Reilly, 2013). These take-back requirements ensure that 
producers or retailers are responsible for the end-of-life management of their products. 
 

Figure 7. Cumulative Extended Producer Responsibility Policies Adoption Globally, 1970-2015 

 
Source: Kaffine & O’Reilly (2013) 
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309. Figure 8 shows that the vast majority of EPR efforts have been undertaken in Europe 
and North America, while only 4% had been undertaken in Asia in 2013. This shortfall is 
particularly glaring in light of the large manufacturing industries in a growing number of Asian 
countries and the fact that Asia is producing so much of the electronics and textiles consumed 
worldwide. It is inconceivable to imagine global sustainable production and consumption, 
including efficient recycling, without very active involvement by Asian manufacturing in EPR 
standards. 

 

Figure 8. Regional Distribution of Extended Producer Responsibility Policies 

 

Source: (Kaffine & O’Reilly, 2013) 
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4.4.2 Asian Countries Have Used Both Regulations and Market Instruments to 

Address Waste 
 
310. In Southeast Asia, many countries have already established national strategies and 
regulatory frameworks to address challenges related to waste management. Countries such 
as Malaysia, the Philippines, and Thailand have attracted investment in waste management 
by giving incentives such as income tax exemptions or investment tax allowances. Malaysia 
has significantly improved its environmental quality thanks to the combination of economic 
and command-and-control approaches. In the Philippines, the Industrial Waste Exchange 
Program is considered to be successful, as discussed above (Abrera, 2011). Likewise, 
recycling of lead-acid batteries in Thailand has increased in the presence of excise tax 

Box 7. Case study: The Recycling Waste of Electrical and Electronic Equipment in 

PRC 

Context and description of the problem/application: Chinese households and 
workplaces generate a large amount of Waste Electrical and Electronic 
Equipment (WEEE). Valuable resources can be recycled from WEEE, such as metals and 
plastics. However, WEEE recycling businesses in PRC were only competitive when 
operated under harmfully low environmental standards, which considerably reduces their 
production costs. This caused soil, air, and water pollution that threatened the health of 
humans, animals, and plants (NetEase, 2009). 
 
Description of policy instrument: The Extended Producer Responsibility (EPR) scheme 
seeks to incentivize producers to enhance their environmental performance by holding 
them responsible for the environmental impacts of their products over a full life cycle. 
Subsidies are provided to manufacturers of electrical products and electronics who collect 
and dispose of their products by themselves or outsource the work to other parties. In 
either case, disposal procedures are required to meet high environmental standards. 
Alternatively, the obligation can be fulfilled by contributing to a national fund that subsidizes 
environmentally friendly recyclers. 
 
Main findings related to criteria: We find corroborating evidence for the efficacy of the 
EPR scheme in steering PRC’s WEEE recycling industry towards a more environmentally 
friendly direction. The EPR scheme has, on the one hand, promoted the proliferation of 
standardized disposal and recycling procedures that mitigate environmental impacts and, 
on the other, urged manufacturers to adopt environmentally friendly design features that 
help reduce disposal costs. Via both avenues, the EPR system delivers a broad range of 
environmental benefits such as the reduction of heavy metal emissions and other forms of 
pollution. In particular, we find sizeable reductions of refrigerant emissions from the 
dismantling of discarded refrigerators and air conditioners, which curbs an important 
source of greenhouse gases and contributes to the mitigation of climate change. 
 
Generalizable findings: The necessity and viability of the financial incentives provided by 
the scheme are particularly justifiable in developing regions where WEEE recycling is 
profitable due to cheap labor and loosely enforced environmental regulations. In that case, 
electricals and electronics users have the motivation to sell their WEEE to informal 
recyclers, and environmentally friendly recyclers, if unsubsidized, are bound to be taken 
over by recyclers with low environmental standards, which are more competitive in 
production costs. 
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reduction; however, in the presence of the informal sector, it is not certain that the tax reduction 
is responsible for the increase in recycling (Tularak, 2011). 
 
311. In most of the countries, environmental charges for municipal solid waste have not 
been implemented; only fees for waste collection have been implemented, and these have 
been subsidized. The use of such instruments is considered inadequate and needs to be 
improved in these countries (UNEP, 2017). 
 
312. Deposit-refund schemes for e-waste and lead-acid batteries have been developed in 
several countries to promote recycling of hazardous wastes, but their effectiveness has yet to 
be determined. Khandker et al. (2014), in their studies on a solar home system, found that 
lead-acid batteries are often not returned to the vendors. As highlighted above, Gupt (2012) 
finds that deposit-refund schemes for lead-acid batteries in India have been successful in 
ensuring batteries being returned to the retailers; however, they do not ensure their recycling 
in an environmentally friendly manner. 
 
313. In terms of waste processing, South Asian countries have informal markets for 
recycling of many solid wastes like paper, metals, glasses, and plastic products. These items 
are often sold by the households to the vendors (kabadiwala) for onward processing through 
the markets. This shows that the market for recyclable and reusable products has potential 
and can be developed in order to reduce wastes at the dump sites and reduce health risks for 
people who collect garbage from dump sites. PRC and Taipei,China have used a variety of 
instruments to deal with solid wastes. 
 
314. Of the five classes of market-based instruments — (i) tradable permits; (ii) taxes, fees, 
or charges; (iii) subsidies; (iv) hybrid policies; and (v) information provision, labels, and 
voluntary agreements — the least-used class of MBIs in Asia is the tradable permits. It has 
been used only as a part of the Clean Development Mechanism under the Kyoto Protocol for 
waste processing in order to trap methane to reduce carbon emissions. None of the countries 
have used the CDM to deal with waste processing, despite the fact that most suffer from acute 
shortages of land for the landfilling of household wastes.  
 
315. In the case of taxes, fees, and/or charges, the most common instrument used in Asia 
is user charges for collection and disposal of waste. However, flat charges used in many of 
the countries do not contribute towards reducing the volume, and most of the countries used 
it as a part of property taxes. Treatment fees by weight/PAYT principles have been quite 
effective in reducing waste thrown away by households and firms. However, there is also a 
need to create incentives in the households to return their recyclable wastes. The success of 
such schemes also requires regular data collection, strict monitoring, and enforcement. 
 
316. In order to ensure the recycling of materials through designated centers, the tax 
collected as a recycling tax/charge should be used to promote formal recycling. Formal 
recycling requires abiding by environmental quality standards, whereas informal recycling 
causes more harm to the environment. Hence, channeling the income collected through a 
recycling fee or tax to make formal recycling competitive is an important requirement for 
managing recyclable wastes. The review also reveals that while awareness is an important 
first step to reduce the volume of solid wastes, it is also important to develop collection centers 
in order to help households deposit conveniently. With the rise in use of domestic materials in 
Asia, introducing recycling fees on products containing recyclable materials both from 
manufacturers and importers will generate revenue for the government. The fee can be 
combined with the deposit-refund scheme to let the consumers return the products after use 
with a cash-back benefit, and the fee can be used to promote development of collection points 
and make recycling competitive. 
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317. It is also possible to develop a subsidy policy for manufacturers to claim a part of the 
recycling fee if they improve their use of recycled parts during the manufacturing period. 
Production processes using recyclable products are costlier compared to products made of 
natural materials, and hence the recycling fee can also be channeled to promote production 
using recyclable products and reduce waste generated at the waste disposal centers. A 
possible solution could be to tax products made from virgin materials. 
 
318. With Asia pursuing construction-led economic growth due to rapid urbanization and 
improved standards of living, there is also a need to deal with construction wastes. However, 
the review also finds that such measures would cause a relatively greater increase in 
construction costs for small construction companies compared to large companies, and hence 
it is less affordable for small firms. 
 
Scope exists to extend the use of information provision and voluntary agreements to 
encourage more responsible production.  
 
319. While not widely used at present, there is scope for information provision to play a 
large role in upstream waste reduction. Labelling products that are produced in ways that 
minimize waste generation is one way of changing consumer attitudes towards waste as well 
as encouraging producers to move away from wasteful production processes (Aramyan, 
Valeeva, & Vittuari, 2016). Similarly, more transparency regarding the amount of waste 
generated in the production of a particular product can serve as a mechanism for producers 
to internalize the costs of waste if consumers change their buying decisions based on this 
information. Information campaigns encouraging source separation also are likely to lead to 
more efficient waste processing, which is presently lacking in the countries. Many of the 
efficiency advantages associated with markets are premised on perfect information. At 
present, both in Asia and across the world, there is still little incentive for producers to provide 
consumers with full information on the origin and waste generated in the production of the 
goods they purchase. The provision of this type of information would assist consumers in 
making more informed decisions.  
 
Tradable permits have potential but are underutilized because of the difficulty of 
defining waste generation rights. 
 
320. Because of the heterogeneous nature of the different types of waste and the lack of 
tools that allow for a comparability of the toxicity, difficulty of recycling, or harmfulness of 
various waste types, no countries have implemented policies to cap-and-trade waste 
generation rights. In effect, this is because a market of this nature would require much clearer 
information on how different types of waste compare. In addition, cap-and-trade policies would 
place large informational requirements on regulatory authorities, which can be costly in itself. 
Tradable permits also have the potential for use in waste processing activities. Their potential 
for use in promoting recycling was accidently discovered through the U.K. regulation on 
packaging of products. The regulation required users to comply with a proportion of waste 
recovery during production. As a result, firms began trading waste recovery certificates to 
ensure their compliance. In Asia, this has not been used yet, but has potential in the future. 
 
The informal sector is an important aspect of Asian waste management. 
 
321. The waste management literature brings to light the role of the informal sector in 
effectively managing waste. Many countries in Asia, such as PRC, India, and Bangladesh, 
have a prominent informal sector that plays a significant role in waste collection and recycling. 
While the existence of the informal sector improves recycling rates and leads to savings for 
city authorities by reducing the cost of waste collection and disposal (Wilson et al., 2012), the 
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sector does not adhere to the prescribed environmental regulations. Given the nature of 
informal sector businesses, authorities often find it difficult to keep track of their activities. 
Countries such as India have introduced deposit-refund schemes to provide monetary 
incentives to stem the flow of waste. However, by avoiding regulation, the informal sector can 
provide convenient (door to door) and frequent collection. Therefore, the success of many 
formal policies has been limited. 
 
322. The informal sector, including waste collection, is an important source of livelihood for 
a large population in Asia. As such, incorporating the informal sector into waste management 
frameworks has the potential to serve additional goals, such as job creation and poverty 
alleviation. The political economy aspects of waste management will also center around the 
impact of policies on the livelihoods of various constituencies. Policies that do not recognize 
the importance of vested interests can be rejected on political grounds, despite having positive 
environmental effects. For example, the distributional consequences (such as job losses for 
informal battery recyclers) associated with a policy banning retailers from selling used 
batteries to informal recyclers can politically outweigh the broader societal gains that may be 
more difficult to perceive (such as reductions in groundwater pollution as a result of better 
recycling protocols). 
 
323. Given the wide network and greater efficiency of the informal waste collection sector, 
and the collection inefficiency of many municipalities/authorities, it is essential to 
institutionalize the role of the informal sector. Wilson, Velis, and Cheeseman (2006) also 
suggest that, despite the health and social issues associated with the informal sector, retaining 
the informal sector has economic benefits. Qdais (2007) proposes training entrepreneurs 
involved in the informal recovery process and integrating them with the formal resource 
recovery system to reduce the amount disposed and recover valuable products. Matter et al. 
(2015) highlight that with progressive formalization of the informal sector, more enterprises 
will benefit from policy incentives. Formalization will help provide safe working conditions and 
also help reduce environmental pollution by informal sector recyclers. In order to ensure 
formalization, tax incentives will have to be provided and maintained and land and energy 
supplied at subsidized rates to the formal sector. Alam and Bahauddin (2015), in a study in 
Bangladesh, suggest registering the informal e-waste recycling plants to formally recognize 
and track the sector. 
 

4.5 Conclusions and Lessons Learned 
 
4.5.1 Recommendations in Terms of Future Applications of Market-Based 

Instruments on Waste Management 
 
324. Economic tools have gained increasing traction in the waste management sector in 
Asia over the past two decades. While evidence of the effectiveness of economic instruments 
as a whole has been mixed, there are important areas where they have proven successful in 
improving the efficiency of waste management, meeting environmental targets, and facilitating 
cost recovery for waste utilities in order to keep them financially sustainable. Market-based 
instruments are applicable to specific aspects of waste management, such as the facilitation 
of collection or processing of waste. However, waste management policies need to take the 
full waste stream, from production to waste processing, into account in an integrated fashion. 
As such, economic tools are not a panacea for poorly designed waste management plans. 
This has implications for the choice of economic tools in particular contexts and, as several 
cases have shown, while economic tools may work well in achieving particular goals, in the 
absence of a functioning integrated solid waste management plan, they might not be effective 
in serving the broader goal of improved waste management. 



   

 

138 

 

325. This points to the acute need for better data and monitoring of waste levels, the 
performance of policy tools, and environmental health in Asia. This is the surest way to 
determine whether and which policies are working on a system-wide level and fosters 
transparency and accountability. The growth in e-waste, in particular, has emerged as a 
concern, especially inS light of a rapidly growing middle class in many Asian countries. 
Keeping detailed inventories of e-waste is a credible way of monitoring the efficacy of policies 
in reaching their goals. 
 
326. Voluntary agreements and information-related campaigns are an underutilized policy 
tool in the solid waste sphere in Asia. Fostering transparency in production processes – and 
in this way enabling consumers to make informed purchasing decisions – is an important 
avenue through which the currently externalized costs of wasteful production can be 
internalized. Information-related campaigns to reduce waste have proved successful in 
Europe, as well as in programs like PROPER in the Philippines, but on the whole, they remain 
underexplored in many Asian countries. 
 
327. EPR schemes are also underutilized in Asia compared to many countries in Europe 
and North America. Until now, most manufactured goods in Asia have been exported, but as 
domestic consumption in most Asian countries is increasing rapidly, there is even more policy 
space for Asian governments to hold producers accountable for wasteful production 
processes. Policies with the end-of-life management of products in mind will encourage a 
transition to more resource-efficient design and production. This will be important for 
sustainable production and consumption both in Asia and in the rest of the world that imports 
Asian products. 
 
328. A serious problem in many urban centers in Asia is the risk that utilities are not able to 
keep up with growing levels of municipal solid waste generation driven by rapid rural-urban 
migration and rising living standards. Many waste utilities lack the physical capacity, financial 
resources, or management capability necessary to collect and safely process this growing 
volume of waste. A key factor that will influence the success of waste management is the 
financial sustainability of utilities. The use of taxes, fees, and charges for waste collection can 
facilitate cost recovery as well as encourage a reduction of waste generation. The framework 
through which these costs are recovered, whether through Pay-As-You-Throw schemes or as 
part of property and environmental taxes or monthly utility bills, will depend on the particular 
context. Studies have shown that residents are often willing to pay for more efficient waste 
management and, as such, the current lack of efficient waste management is likely to be 
imposing significant coping costs on residents. In addition to the mounting risks to human and 
environmental well-being, this provides strong motivation for the use of economic policy tools. 
 
329. A growing body of evidence also highlights the potential for economic benefits to 
emanate from various sectors in the waste stream and improved waste management as a 
whole. The technological improvements necessary for increased resource efficiency can lead 
to positive spillovers in technological capability that have the potential to improve productivity 
and stimulate growth in other sectors as well (Ekins et al., 2016). The inefficient resource use 
associated with current production implies that valuable resources can be extracted from 
waste, including through 'landfill mining' (Krook, Svensson, & Eklund, 2012). 
 
330. Another factor that has been highlighted by the literature is the presence of a large and 
important informal sector involved in waste management, particularly in South Asia. At the 
moment, informal waste collectors and recyclers fulfill an important social function. However, 
in many cases, the methods used to extract valuable products from waste are, in themselves, 
dangerous and polluting. There exists the potential for synergies between government aims 
and the interests of this sector, and this should be explored. As such, if governments can 
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support the informal traders in formalizing their business, there is a potential for increasing 
recycling of products in South Asia, and this will reduce the cost of managing solid wastes. 
City councils in several cities in Asia have used user charges and have been managing the 
door-to-door collection of solid wastes using a third party (often NGOs), and have been 
successful in reducing their financial burden. It is possible to go a little further to develop 
incentives to promote composting, which would reduce the cost of solid waste management. 
 
331. Hazardous wastes, particularly in used and discarded electrical and electronic 
products, have also emerged as a factor of growing concern. In particular, batteries constitute 
a major environmental risk if they are not properly disposed of. Deposit-refund schemes to 
facilitate the collection of hazardous wastes have not fully worked so far. This is possibly due 
to the fact that the transaction cost of returning the batteries is higher than that of the deposit 
amount set by the government. Given the major environmental risk posed by chemical 
compounds in batteries and other hazardous wastes, deposit-refund systems are an important 
policy tool to facilitate the collection and processing of these wastes. 
 
332. Further experimentation with market-based policy tools for waste management should 
allow for accurate monitoring of their effectiveness as well as focus on the linkages between 
various sections of the waste management stream. The goal of solid waste management 
involves the reduction of waste generation through improved resource efficiency and higher 
rates of waste collection, as well as the recycling and reuse of waste in the processing stage. 
The linkages between these different stages should be explored and policy tools should take 
them into account. 
 
4.5.2 Quick Gains and ‘Low-Hanging Fruit’ 
 
333. Recommendations for waste management policies, including both command-and-
control and market-based instruments, include: 
 
334. Set aspirational goals. For example: “Zero waste to landfill by 2030,” “Zero waste to 
incineration by 2035,” and/or “Zero waste in Asia by 2040.” This will act as a catalyst to both 
the public and private sectors in the waste generation and beneficiation industries and identify 
clear objectives that can be monitored over time. Supporting policies to transition to more 
market-friendly approaches to environmental management can then be identified, such as 
encouraging public-private partnerships in the waste collection, storage, transportation, and 
beneficiation industries. 
 
335. Implement initiatives and policies to separate waste at the source. The first step 
is for households to separate their waste into organic and inorganic components, which must 
be collected separately. For firms, it means separating their waste so that hazardous wastes 
can be effectively isolated from non-hazardous wastes. The goal of both households and firms 
separating waste is to enable waste beneficiation activities in the private sector to kick-start 
with little further intervention or encouragement from government. Therefore, it is an easy way 
to enable markets for downstream waste beneficiation to arise without the need for legislation. 
However, at the municipal level, this must be coordinated to ensure harmonious integration of 
public and private sector waste management activities. 
 
336. Set up micro-waste depots in informal settlements that encourage informal sector 
waste pickers to collect general waste and deposit it in safer designated areas, rather than 
disposing of waste in waterways and other areas. Consider paying micro-collectors in an 
electronic wallet per kilogram of waste collected. Then, separate that waste and evaluate 
whether private sector transport providers can be encouraged to transport that waste to 
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recyclers and other waste beneficiation companies. Setting up cooperatives of micro-
collectors is one way to formalize these initiatives, which must be explored. 
 
337. Geo-locate all landfills in ADB member countries and select a few for pilot projects that 
seek to invest in waste-to-energy manufacturing plants that utilize incineration, pyrolysis, or 
gasification technologies. The idea would be to establish such plants adjacent to landfills so 
that it becomes possible to divert waste from landfills and direct it immediately to energy. 
These technologies can deal with multiple sources of wastes (e.g., incineration can deal with 
mixed waste; pyrolysis and gasification can deal with hydrocarbon-based wastes like plastics, 
synthetic rubber from tires, etc). Pilot projects should look to encourage public-private 
partnerships with development finance institutions and entrepreneurs. This will facilitate the 
generation of technical and operational know-how in this set of industries, which will be very 
important when scaling up interventions. 
 
338. Geo-locate potential areas in each member country to invest in pilot anaerobic 
digestion plants. Anaerobic digestion is a collection of processes by which microorganisms 
break down biodegradable material in the absence of oxygen. It is a state-of-the-art application 
in converting organic waste (including sewerage sludge, food waste, and other organic 
materials that can all be treated simultaneously) to energy. Here, the anaerobic digestion 
technologies convert organic waste to a gas that can power a turbine and inject energy into 
the grid. This requires an enabling environment for renewable energy because a large part of 
the revenue for anaerobic digestion plants comes from being paid per unit of electricity they 
inject into the grid. Domestic energy policies will become very relevant here. 
 
339. Scale up useful command-and-control instruments in identified critical waste 
streams. For example, ban plastic bags across Asia. This is one of the fastest ways to 
encourage both consumer and producer behavioral change. Retailers play a crucial role in 
this initiative and so it engages the public and raises awareness at the same time. 
 
340. Develop pilot projects that deal with preventing general waste from entering 
waterways. Here, countries should look to identify the major rivers and waterways that move 
general waste from land to sea. Ocean waste is one of the most dangerous because it is 
ingested by fish that, in turn, are consumed by humans. At these sites, water filtration systems 
can be combined with incineration, pyrolysis, or gasification plants to immediately deal with 
diverting this waste from oceans. Pilot projects should be set up across all ocean-facing Asian 
countries. 
 
341. Ensure a suitable legal and regulatory framework for encouraging public-private 
partnerships, which are key enabling mechanisms to facilitate the transition to more market-
based waste management instruments. 
 
4.5.3 Further Research and Next Steps 
 
342. The single most important area of future research on waste management is to conduct 
a feasibility assessment for a zero-waste policy in Asian countries. This clear goal focuses 
attention on the necessary first steps that must be taken to get to zero waste and clearly 
defines the policy goal and discourse. It is easy to communicate and easy to get country buy-
in aspirationally, which is a necessary first step in building a coordinated approach to improved 
waste management practices in the region. This feasibility study for a zero-waste policy in 
Asia must evaluate at least the following issues: 

• An assessment of the clarity of property rights assignment for each waste stream or 
group of related waste streams (e.g., organic wastes, inorganic wastes, hazardous 
wastes); 
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• Identification of policies that can be implemented to assign clear property rights where 
they are lacking; 

• Recommendations for how public-private partnerships can be further encouraged to 
enable the transition over time from command-and-control to greater market-based 
instruments for waste management; 

• Identification of strategies to deal with legacy waste, which should also involve the 
informal sector and provide recommendations for pathways out of informality using 
waste management as the tool to achieve this; 

• Development of industrial support policies for each waste stream or group of related 
waste streams aimed at different parts of the waste hierarchy; 

• Identification of best practice Asian (and other) private sector initiatives in waste 
management that have the potential to be replicated elsewhere in the region; 

• Assessment of the market- and non-market-based barriers to entry for private sector 
involvement in waste management value chains; 

• Assessment of the state of different waste beneficiation technologies in the region, 
including incineration, waste-to-energy technologies (e.g., pyrolysis, gasification, 
anaerobic digestion), and higher value-added and advanced manufacturing 
applications; 

• Geo-locating all landfills in Asia and identifying potential sites for waste-to-energy 
technologies that can involve both the public and private sectors; 

• Geo-locating potential sites in each country in Asia to invest in anaerobic digestion 
technologies as part of public-private sector initiatives; 

• Recommendations for appropriate prudential and market conduct public oversight 
institutions to set subordinate legislation for the waste sector and subsectors; 

• The setting of intermediate goals and timeframes to achieve the zero-waste policy and 
the creation of suitable databases and monitoring and evaluation criteria to track 
progress towards achieving this goal; 

• Estimation of the development finance needs of Asian countries to implement 
pioneering initiatives in their domestic contexts that can catalyze waste value chains; 

• Regional governance and development bodies should earmark a percentage of all 
finances to be directed to helping member states achieve zero waste. 
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Chapter 5. Comparative analyses of Market Based 

Approaches for Environmental Management in Asia 
 

Key Messages: 

• Market-based instruments have been used in a variety of ways in Asia, and MBIs 
have potential to address issues in air, water and waste.  

• MBIs are not a panacea. The effectiveness of MBIs depends on their design, 
implementation as well as the local context. 

• The stringency and effectiveness of MBIs have been affected by concerns about 
economic impacts. 

• Monitoring and Enforcement Capabilities are Critical to Success. 

• The political system can affect the choice and the performance of MBI. 

• The nature of pollution sources and local economic structure plays a critical role.  
 

5.1 Market-Based Instruments have been used in a variety of contexts 
in Asia. 

 
343. Almost every country under the coverage of our study has used some type of MBI to 
address environmental problems. This chapter evaluates the application of MBIs to address 
environmental problems involving air, water and waste in order to identify patterns of failure 
and success. Particular emphasis is given to the factors affecting the overall performance of 
instruments as well as the factors affecting the performance of specific MBIs.  
 
344. An overview of the use of MBIs across air, water and waste is displayed in Table 24. 
All MBIs discussed in the first chapter have been implemented by countries covered in this 
study, but the use of MBIs is more concentrated in some countries and for some environmental 
problems than for others. The number of countries with taxes and subsidies is larger than the 
number of countries using other MBIs. Relatively few countries have implemented hybrid 
policies, and these have only been used in the waste sector; similarly, few countries have 
implemented tradable permits, which have been used to reduce emissions from energy 
production and industry, and in allocating water across and within sectors, but have not been 
used in the waste sector.  
 
345. The People’s Republic of China (PRC) has perhaps the most wide-ranging use of 
MBIs, covering each MBI category and addressing problems in air, water and waste (see 
Appendix B for the systematic review details). Other countries have had more limited 
experience with the implementation of MBIs.  
 
346. Since pollution taxes and subsidies have been used across all three categories (air, 
water and waste) in several countries, some of the design features are shown in greater detail 
in Table 25. As discussed in Chapter 1, pollution taxes are more efficient if applied closest to 
the point of environmental damage (i.e., emissions). However, when emissions monitoring is 
impossible, difficult, or costly, taxes may be levied on some input or output that is more easily 
monitored and a good indicator of (or proxy for) the pollution to be regulated. From Table 25 
we observe that the majority of taxes in place in Asia correspond to taxes on inputs/outputs. 
There are few exceptions in the case of air and water, where countries such as PRC, the 
Philippines and Thailand have in place emission taxes to control emissions of some urban 
pollutants. Similarly, the PRC, Malaysia and the Philippines have imposed various effluent 
charges to control water pollution.  
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347. Policies of information provision, labels, and voluntary agreements are not commonly 
used in Asia, although there are some interesting examples. There are informational 
instruments aimed at increasing information about air pollution, both locally and globally. 
Households have been informed about contaminated drinking water leading to switching to 
safer water sources and reductions in the risk of diarrhoea and dysentery, and similar 
programmes are used to increase public awareness about issues such as hazardous waste.  
The subsidies in place tend to target inputs/outputs. Subsidies targeting air pollution are aimed 
at promoting the generation of renewable technologies, cleaner fuels or energy efficient 
technologies. Water-related subsidies have been used to incentivize substitution towards less 
fertilizer-intensive crops and the use of electricity by irrigation technologies. Waste-related 
subsidies have been used to promote recycling and waste treatment infrastructure.  
 
348. While most policy instruments have been implemented, monitored and enforced by the 
regulatory sector (e.g., national and local government, municipalities, or other authorities), in 
some cases MBIs have been implemented by non-regulatory groups such as NGOs. To 
address indoor air pollution, subsidies have been used to increase the use of cook stoves in 
Cambodia, Lao PDR, and Viet Nam.  Similarly, promotion of biogas plants in rural households 
in Bangladesh have been subsidized with assistance from NGOs. To address issues with 
waste, the construction of sanitary landfill sites was partially funded by the Japan International 
Cooperation Agency (JICA), and the development of a medical waste facility in Mongolia was 
supported by the Asian Development Bank (ADB). 
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Table 24. Overview of current use of MBIs across sectors in Asia 

MBI Air Water Waste 

Tradable 

permits 

India, PRC, 

South Korea 

Bangladesh, India,   

PRC, Taipei,China 

 

Pollution 

taxes, fees, 

or charges 

Bangladesh, 

India, Lao PDR, 

Malaysia, Nepal, 

Philippines, 

PRC, Thailand, 

Viet Nam 

Cambodia, Lao PDR, 

Malaysia, Philippines,  

PRC, Viet Nam  

Bangladesh, 

Cambodia, Lao, PDR, 

Indonesia, Macau, 

Malaysia Mongolia, 

PRC, Taipei,China, 

Thailand, Viet Nam 

Water 

Pricing 

 Bangladesh, 

Cambodia, India, 

Indonesia, Lao PDR, 

Mongolia, Nepal, 

Philippines, PRC, Sri 

Lanka, Thailand, Viet 

Nam 

 

Subsidies 

Bangladesh, 

Cambodia, India, 

Indonesia, Lao 

PDR, Malaysia, 

Mongolia, Nepal,  

Philippines, 

PRC, Thailand, 

Viet Nam 

Bangladesh, India, 

Indonesia, PRC, Sri 

Lanka, Viet Nam 

Bangladesh, India, 

Malaysia, Mongolia, 

PRC, Taipei,China 

Hybrid 

policies 

  Bangladesh, PRC, 

India, Mongolia, 

Philippines,  

Taipei,China 

Payments 

for 

Ecosystem 

Services 

 India, Indonesia, 

Philippines, PRC, 

Thailand, Viet Nam 

 

Information 

provision, 

labels, and 

voluntary 

agreements 

India, Indonesia, 

Malaysia, 

Philippines, 

PRC, Thailand 

Bangladesh, 

Cambodia, India, 

Indonesia, Malaysia, 

Mongolia, Nepal, 

Philippines, PRC, Viet 

Nam 

India, Mongolia, 

Nepal, Philippines, 

PRC, Taipei,China 
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Table 25. Design features of some MBIs in place in the Asian countries under study 

  Air Water Waste 

Taxes, fees, 

or charges 

On pollution Philippines, PRC, Thailand Malaysia, Philippines, PRC, Viet Nam  

On inputs/outputs Bangladesh, India, Lao PDR, 

Philippines, PRC, Thailand, Viet Nam 

Cambodia, PRC, Lao PDR, Malaysia, 

Philippines 

Bangladesh, Cambodia, India, Indonesia, 

Macau, Malaysia, Mongolia, Lao PDR, 
PRC, Taipei,China, Thailand, Viet Nam, 

On point sources Philippines, PRC, Thailand Malaysia, Philippines, PRC, Viet Nam  

On non-point sources Bangladesh, India, Lao PDR, Malaysia, 

Nepal, Philippines, PRC, Thailand, Viet 

Nam 

  

Formal Regulations Philippines, PRC, Thailand Cambodia, Lao PDR, Malaysia, 

Philippines, PRC 

Cambodia, India, Malaysia, Mongolia, 
PRC, Taipei,China, Thailand, Viet Nam 

Informal Regulations   Bangladesh, Lao PDR 

Subsidies 

On pollution    

On inputs/outputs Bangladesh, Cambodia, India, 

Indonesia, Lao PDR, Malaysia, 

Mongolia, Philippines, PRC, Thailand, 

Viet Nam 

India, Malaysia, Philippines, PRC, Viet 

Nam 

Bangladesh, India, Mongolia, Malaysia, 
PRC, Taipei,China, Thailand, Philippines 

On point sources Bangladesh, Cambodia, India, 

Indonesia, Lao PDR, Malaysia, 

Mongolia, Philippines, PRC, Thailand, 

Viet Nam 

  

On non-point sources Malaysia, PRC, Thailand   

Formal Regulations Bangladesh, India, Indonesia, 

Malaysia, Mongolia, Philippines, PRC, 

Thailand, Viet Nam 

India, Malaysia, Philippines, PRC, Viet 

Nam 

Bangladesh, India, Malaysia, PRC, 

Taipei,China, Thailand, Philippines 

 

Informal Regulations Bangladesh, Cambodia, Lao PDR, Viet 

Nam 

 Mongolia 

Information 

provision, 

labels, and 

voluntary 

agreements 

On pollution PRC Bangladesh, India, Indonesia, Philippines PRC 

On inputs/outputs PRC, India, Thailand Bangladesh, Cambodia, India, Indonesia, 

Mongolia, Nepal 

PRC, India, Mongolia, Nepal, 

Taipei,China, Philippines 

On point sources PRC Indonesia, Philippines  

On non-point sources PRC, India, Indonesia, Malaysia, 

Philippines, Thailand 

Bangladesh, India  

Formal Regulations PRC, India, Thailand Indonesia, Philippines PRC, Taipei, China 
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Informal Regulations  Bangladesh, Cambodia, India, Indonesia, 

Mongolia, Nepal 

Bangladesh, PRC, India 
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5.2 Key Factors Affecting the Success of MBIs 
 
349. There is no universal recipe for the successful implementation of an MBI to address 
an environmental problem. In the case of Asian countries, country-specific characteristics and 
the context of the problem must be taken into account. However, there are several patterns 
and lessons learned from past implementation of MBIs.  
 
The stringency and effectiveness of MBIs have been affected by concerns about 
economic impacts. 
 
350. A key goal in any developing country is economic growth, but this has often come at a 
significant cost to environmental quality. In an attempt to combat this environmental 
degradation, the DMCs established legal systems and institutions to oversee environmental 
protection. However, reviews of environmental performance in the region reveal that many 
DMCs have failed to make environmental protection a policy priority and put in place policy 
frameworks and institutional resources that would ensure compliance with stated 
environmental goals. The evidence of performance of MBIs to date is consistent with such a 
diagnosis, as the stringency and enforcement of most policies in place is generally low. 
Furthermore, environmental taxes are often high enough to raise governments’ revenues but 
too low to adjust polluter’s behaviour. The level of charges or taxes has been often decided 
without due regard to environmental goals. In many instances, these charges and taxes were 
not annually adjusted for inflation, making them even lower in real terms over time (SEARCA, 
2016). 
 
351. The Chinese pollution levy provides an example of the low level of stringency of 
environmental policies. Pollution charges are still significantly lower than the cost of pollution 
reduction, despite the recent increases of their rates. In many cases, the actual charge paid 
by a firm is a result of bargaining between the administration and the firm. In addition, the 
charge collection rate is low, estimated on average at less than 50% of the charges imposed 
(between 10% in western provinces and 80% in coastal areas), which reduces their incentive 
effect (see OECD, 2006). 
 
352. Economic development concerns have also constrained the broad and effective 
application of pollution charges across Asian countries. For instance, in Southeast Asia taxes, 
fees and charges have not been used widely for industrial establishments. Economic 
development considerations have played a role since concerns over the impacts of 
environmental taxes and charges on the competitiveness of industries have discouraged their 
comprehensive application (OECD, 2012). A similar problem occurred in the case of air 
pollution control, which is strongly connected to energy and industrial activity.  
 
353. In the case of water, increasing block tariffs and taxing wastewater discharge have 
been mainly used by municipal water utilities in most Southeast Asian countries. In contrast, 
the application of taxes and charges for controlling poor surface water quality from industrial 
and agricultural production is much more limited (specific cases have been observed such as 
effluent charges for crude palm oil and rubber mills or environmental user fee for Laguna lake, 
Philippines). In the waste sector, domestic waste discharge fees are widely used in most 
countries. License and fees have been applied for industrial solid waste but are not widely 
used.  
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Monitoring and Enforcement Capabilities are Critical to Success. 
 
354. Asian countries have diverse political systems and levels of economic development. 
There has been rapid economic growth and industrialization in countries such as Malaysia, 
Singapore, and Thailand; moderate economic progress in countries such as Indonesia, the 
Philippines and Viet Nam; and lower levels of economic progress in Cambodia, Lao and 
Myanmar (Régnier, 2011). The economic status of countries implies different capacities and 
abilities of institutions in implementing, monitoring and enforcing MBIs. In particular, the 
institutional capabilities have not been able to keep up with rapid industrialization, and the 
implementation and level of stringency of market-based instruments for environmental 
management clashes with short-term development goals.  
 
355. Pollution charges have generally seen more success in combatting air pollution than 
water pollution. One of the reasons why pollution charges to reduce air pollution have 
performed better in terms of accomplishing environmental targets is that many countries in 
Asia have imposed relatively higher taxes on fuel consumption than on water pollution. In 
contrast, the environmental taxes aimed to improve poor surface water quality are generally 
too low to achieve a sizeable reduction of pollution (SEARCA, 2016).  
 
356. However, enforcement and monitoring capabilities are very different for air and water. 
Taxes on fuel are indirect instruments that apply to the product—they are targeted to reduce 
fuel use or improve fuel quality rather than controlling air pollution directly. Imposing a tax on 
fuel is much easier than monitoring and enforcing a tax on discharge to control wastewater. 
For a water discharge tax to be imposed, high quality monitoring data must be readily 
available, and that is typically not the case. Alternatively, it could be more efficient and effective 
to target a limited number of polluters that account for the largest share of pollution in order to 
minimize enforcement costs. For instance, SEARCA (2016) found that in Thailand wastewater 
discharge mainly came from a few provinces that locate approximately 1,000 out of 68,000 
factories of Thailand. These 1,000 factories produced 60% of BOD and 68% of TSS that the 
whole industry produces in a year. Taking cost effectiveness criteria (or static efficiency) into 
account, administrative resources devoted to monitoring and enforcement could be minimized 
if regulations were to target this small group of factories. 
 
357. The Chinese government has identified inadequate enforcement as one of the key 
factors in the PRC’s deteriorating environmental situation (OECD, 2006). The general policy 
framework favouring development over the environment compromises the work of 
enforcement bodies at the subnational level and results in widespread non-compliance with 
environmental requirements. These problems are further magnified by slow progress in 
engaging sectoral agencies and the public at large in addressing environmental problems. In 
many cases, approved and installed air and water pollution control equipment is put in 
operation only at times when inspectors’ visits are expected, as polluters are more interested 
in saving on operation costs or, in the case of wastewater, communities cannot afford to 
operate sewage treatment plants. In spite of several types of non-compliance sanctions that 
are used by environmental authorities, a wide gap exists between what environmental 
regulators are authorised to apply and what they actually do when enterprises violate 
environmental rules.  
 
358. A significant proportion of small and medium-sized enterprises, including those in rural 
areas and in the service sector in urban areas, are not inspected due to the lack of capacity 
or constraints stemming from “pragmatic” enforcement or conflicts of interest between 
economic and environmental parts of the administration. Pragmatic enforcement also pushes 
environmental regulators towards picking “low-hanging fruit” first by targeting big polluters and 
leaving SMEs unattended even though their aggregated pollution volume can be substantial.  
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359. However, even where environmental officials may have identified pollution sources, 
local governments may show special leniency toward these targets for political reasons. Thus, 
reducing the implementation gap, in particular at the sub-national level, is one of the major 
challenges in improving environmental performance in the PRC. A great deal of improvement 
is needed in order to increase the stringency of the enforcement of environmental laws and 
regulations and sanctions to non-compliance, as well as a greater engagement of the public 
in environmental compliance promotion. 
 
360. Similar challenges are documented for Malaysia and Indonesia, where the existing 
environmental regulations are not properly implemented and non-compliance with 
environmental regulations is widespread (see e.g., Mohammad 2011, ICEL 2008). For 
instance, in the case of air pollution in Indonesia, the evaluation of compliance with air pollution 
control regulations by 254 companies in the 2006 PROPER report indicated that only 103 
companies (41%) were assessed as compliant, 147 companies (59%) were assessed as 
noncompliant and 4 companies (2%) did not generate any emissions from their activities. An 
explanation to the high rate of non-compliance is that environmental agencies do not have the 
authority to impose significant administrative sanctions and to conduct remedial and 
emergency actions. Moreover, environmental law enforcement authority is shared by several 
institutions, which makes coordination among them vital for successful enforcement. 
Furthermore, there are insufficient human resources to support effective environmental 
compliance and enforcement and the main financial source for environmental compliance and 
enforcement programs is the state budget, which to date has proven insufficient. 
 
The political system can affect the choice and the performance of MBI 
 
361. In countries with strong central governments, such as the PRC, command and control 
regulations have proven to be particularly tempting to policymakers because the monitoring 
and enforcement of these direct regulations are usually at the discretion of government 
officials, which could create opportunities for rent-seeking. Environmental protection may 
reduce an industry’s profits in the short run. These profits underpin the local economy and tax 
revenues, so polluting firms and government bodies often jointly benefit from relaxed 
enforcement of environmental regulations. Polluters may attempt to buy off local government 
officials in exchange for lax enforcement of environmental regulations, as long as the 
inducements are cheaper than the compliance costs.  
 
362. The environmental governance and multijurisdictional nature of environmental 
problems has also affected the performance of MBIs. If standards are set federally but 
enforced locally, local officials may attempt to attract investment and industry by providing lax 
enforcement of regulation (Dasgupta, 2000). For example, even if there are national guidelines 
regarding the frequency of visits for inspections, individual states may not regard the 
guidelines as binding. Thus, the establishment of institutions and coherent procedures for 
enforcement need to be addressed to achieve the desired effectiveness of environmental 
instruments in general and market-based instruments, in particular.  
 
The nature of pollution sources and local economic structure plays a critical role.  
 
363. The formality of economic sectors and the type of polluters also affects the 
performance of MBIs. For example, the industrial sector in India is characterized by many 
small and medium scale firms (SME) that operate without any permits. They employ limited 
pollution control technologies and, in 2006, were responsible for an estimated 70% of the total 
industrial pollution load nationwide (OECD, 2006). Small-scale firms also account for about 
20% of total industrial energy consumption but until now most efforts have been concentrated 
on large-scale industries.  
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In this case there is a huge potential for environmental improvements by incorporating SME 
firms into the regulations. However, enforcement costs for many small, informal firms could be 
substantial, and monitoring could be a significant challenge.  
 

5.3 Common Characteristics of MBIs for Air, Water and Waste 
 
364. In Table 26 an overview of evidence-based recommendations for MBIs is shown.  
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Table 26. Does the evidence in Asia support the use of different MBIs? 

 

 

MBI Air Water Waste 

Tradable 
permits 

Moderate effects 
due to an 
overallocation of 
permits and a lack 
of market 
development. 

Lack of robust 
empirical research 
to identify the effects 

Not used in Asian 
countries 

Pollution 
taxes, fees, 
or charges 

Limited effects due 
to charges that are 
too low to 
encourage 
behavioural change.  

Limited effects due 
to charges that are 
too low to 
encourage 
behavioural change.  

Charges are generally 
too low and 
enforcement generally 
inadequate. Treatment 
fees by weight have 
been found to be 
effective in reducing 
waste generation. 

Water 
Pricing 

 Often politically 
infeasible as a policy 
instrument to 
promote an efficient 
and sustainable use 
of water. 

 

Subsidies 

Significant benefits 
of subsidy removal 
Evidence of success 
of feed in tariffs 
when regulatory 
frameworks are 
strong and do not 
depend on the 
political scenario of 
the country 

 Lack of studies that 
examine such policies 

Hybrid 
policies 

  Deposit refund 
schemes can be 
effective, but their 
design needs to be 
cognizant of informal 
waste markets.  

Payments 
for 

Ecosystem 
Services 

 Lack of robust 
empirical research 
to identify the effects 

 

Information 
provision, 
labels, and 
voluntary 

agreements 

Mixed evidence of 
success: it helps to 
improve 
performance of 
highly polluting firms 
but ineffective 
when disclosure 
requirements are 
not standardized 
and 
enforced. 

Promising effects 
when used as 
complements to 
other policy 
instruments, 
although it is difficult 
to disentangle and 
identify the effects 
from the information 
provision 
instruments on their 
own.  

Voluntary agreements 
and information-
related campaigns are 
an under-utilized 
policy tools. Informal 
markets of recycling 
(where households 
sell certain solid 
wastes to vendors) 
show that the market 
for recyclable products 
has potential and can 
be developed. 
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Air Pollution is being addressed using a variety of MBIs 
 
365. The use of MBIs to control air pollution is a relatively recent phenomenon in Asia, which 
partly can be explained by policy-makers being unfamiliar with MBIs and therefore often rely 
on Command-and-Control (CAC) regulations. Furthermore, many countries do not have the 
institutional capacity to implement and enforce MBIs. However, there are a number of 
examples of MBIs used to control air pollution, and, as discussed before, the most commonly 
used instruments are taxes and subsidies. Taxes to control air pollution are mainly used in the 
transport sector, and some examples include fuel taxes, vehicle purchase taxes, and taxes on 
older vehicles. The People’s Republic of China (PRC) has also implemented pollution charges 
and environmental taxes in the industrial sector. However, the low level of the charge and lack 
of enforcement limit the effectiveness of these schemes. Subsidies and tax exemptions are 
also used to control air pollution. For example, Indonesia, Thailand, and Malaysia use 
subsidies to promote more environmentally friendly fuels, such as unleaded or ethanol-
blended gasoline. There are also examples of subsidies to promote renewable energy 
production in the PRC, Mongolia, and Bangladesh.  
 
366. In the energy and industrial sectors there are examples of tradable permits systems. 
For example, PRC has implemented tradable permit schemes both for sulfur dioxide 
emissions and for carbon dioxide emissions. To control air pollution from domestic cooking 
and heating, the most commonly used MBI are subsidies for energy efficient stoves or for 
improved insulation to reduce heat loss. 
 
367. Despite the fact that most Asian countries have little experience with using MBIs to 
control air pollution, reviews show that many of these policies have potential to become 
effective if their stringency is increased and they are properly monitored and enforced (Chen, 
2013).  
 
MBIs can address concerns about the use of water resources and water pollution  
 
368. The most commonly used MBIs in Asian countries to address water issues are markets 
for trading water or pollution rights, taxes/fees/charges, subsidies, payments for ecosystem 
services, and information provision. 
 
369. The first step in improved pricing of municipal water services is the installation of 
metering and the establishment of volumetric water rates, i.e., charging for the amount of water 
a customer uses. The transition of non-volumetric to volumetric tariffs has occurred in most 
cities in Southeast and East Asia. In addition to improving the efficiency of the consumption 
and production of municipal water services, volumetric tariffs can help improve intra-sectoral 
water allocation by reduces municipal water demands. Increasing block water tariffs are 
common in cities in many developing Asian countries.  
 
370. MBIs to address poor intra-sectoral water allocations are rarely used in developing 
countries because of the need for strong, transparent legal, institutional, and regulatory 
requirements. The only well-documented example is inter-regional water market transfers in 
the PRC. In one case, a municipality provided a neighbouring city with construction funds for 
upgrading a water reservoir in exchange for a permanent right to water from one of its 
reservoirs. 
 
371. An example of a well-documented and often effective “information provision” 
instrument is Community-Led Total Sanitation (CLTS). This behavioural change, community-
level intervention, was first developed in Bangladesh, and has now been implemented in 
Cambodia, India, Indonesia, Mongolia, and Nepal. The CLTS program is designed to increase 
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household demand for better sanitation but triggering a community-level response to the 
appalling conditions created by open defecation practices. 
 
372. The main MBIs used to address poor surface water quality in Asian countries are taxes 
and information disclosure. Effluent charges are, for example, implemented in PRC, Malaysia, 
and the Philippines. In PRC, the charges have been found to yield some positive results even 
though the charges are lower than the marginal cost of abatement and enforcement is lacking 
(Wang & Wheeler, 1996). In Malaysia, the charge depended on the annual projected 
Biochemical Oxygen Demand (BOD) load, and the pollution load in rivers decreased by about 
91% from 1977 to 1994. In the Philippines, environmental fees for industrial wastewater 
discharge led to BOD discharges decreasing by 88% between 1997 and 1999.  
 
373. Information disclosure of firm pollution can correct information asymmetries and 
provide incentives for firms to reduce pollution in order to avoid bad publicity or stricter 
regulations. In the Asian region, information disclosure is now a relatively common MBI. It has, 
for example, been implemented in Indonesia, India, the Philippines, Viet Nam, and PRC. 
Research has found the instruments to be effective (García Sterner, & Afsah, 2007), although 
more evaluations are needed. 
 
Addressing waste with MBIs could open new doors 
 
374. The traditional strategy to manage solid waste has been for local government to 
assume the responsibility. However, this has not worked well; most local government units 
find it financially difficult to cope with the rising waste volumes.  Many different MBIs have 
been tried in Asian countries to deal with rising and complex waste coming from households 
as well as industrial and commercial units. Unlike in developed countries, many countries in 
Asia also have to deal with a large number of informal waste recyclers. On the one hand, these 
waste recyclers perform a valuable service by returning materials to productive uses in the 
economy. On the other hand, many are causing significant harm to the environment by not 
following existing environmental regulations.   
 
375. User charges for collection and disposal of waste are the most common instrument 
used in Asia in the waste sector. However, the fixed (non-volumetric) charges used in many 
of the countries do not provide an incentive to reduce the volume of waste. Most of the 
countries have included this fixed charge as a part of a household’s property tax bill. In 
contrast, basing the user fee on the weight or volume of the waste discarded change 
incentives to reduce the amount of waste discarded by households and firms.  Moreover, the 
review of experiences also shows that there is a need to create incentives in the households 
to return their recyclable wastes (Bernstad, Jansen, & Aspegren, 2013). 
 
376. Formal recycling requires that waste generators abide by the environmental quality 
standards. In contrast, informal recycling that ignores such standards can causes substantial 
harm to the environment. Channelling the income collected through recycling to make formal 
recycling competitive with informal recycling enterprises is an important step toward the proper 
management of recyclable wastes.  
 
377. With the rise in use of domestic materials in Asia, introducing recycling fees on 
products containing recyclable materials—both from manufacturer and importers—would 
generate revenue for the government and reduce waste. And a fee can be combined with a 
deposit refund scheme to encourage consumers to return the products after use for cash. The 
fee can be used to promote a) development of collection points, and b) making recycling 
competitive.  
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378. It is also possible to develop a subsidy policy for manufacturers to claim a part of the 
recycling fee if they improve use of recycled materials during manufacturing period.  
Production processes that use recyclable products may be more costly compared to 
production processes that do not use recycled materials. Hence, the recycling fee can be also 
be channelled to promote production using recyclable products and hence it reduces wastes 
generated at the waste disposal centres.  
 
379. Finally, previous experience suggests that relying on one type of instrument is not 
sufficient to promote efficient waste management.  Solid waste management has three distinct 
phases. These are: a) upstream waste reduction, b) domestic and industrial collection and c) 
waste processing.  There are different agents at each phase and at the same time 
improvement in waste management requires coordination across each stage. For example, 
waste collection is not efficient if it is not processed effectively. Similarly, while incentives are 
provided to reduce waste at the source and to separate waste at the source, the system will 
not be effectively implemented if materials are not separately collected. Therefore, it is 
imperative to ensure that a system of waste collection exists to ensure that recyclable wastes 
are recycled formally.  
 

5.4 Context Matters for the Implementation and Success of MBIs 
 
5.4.1 Southeast Asia 
 
380. Information provision and labelling has been a successful example of a MBI in the 
Southeast Asia region. The instrument has been used in all sectors i.e. air, water and waste 
management (e.g., carbon disclosure projects in Indonesia, Malaysia, Philippines and 
Thailand; PROPER for water in Indonesia, water efficient product labelling scheme in 
Malaysia, EcoWatch in the Philippines; and the Industrial Waste Exchange program in the 
Philippines). A common characteristic of the use of this instrument in different countries is that 
it is applied to medium and large industrial establishments concerned about their public 
images and perhaps equity valuations. A good position in the ranking system or a green 
labelling could positively affect consumer behaviour or investor decisions. 
 
381. Another lesson from the experience with MBIs in Southeast Asia is that in using 
environmental taxes and charges, most countries have adopted simple levies rather than more 
complex charges that could lead to uneven requirements and conditions for businesses or 
households. The simple levies system reflected the way these countries dealt with the 
problems of informational requirements and regulatory burdens in implementing a MBI. Facing 
weak institutional capacity for monitoring and evaluating the taxes, as well as lack of human, 
financial and technical capacity, Southeast Asian governments have chosen a simple levy 
system that has not necessarily helped to improve the efficacy of reaching environmental 
targets, but it has reduces the regulatory burden. 
 
382. Removing fuel subsidies could be considered a successful case for Southeast Asian 
countries, particularly since political barriers have been challenging. Countries like Indonesia, 
Malaysia, Thailand and Viet Nam, where fuel subsidies amounted to a significant share of 
government expenditure (e.g. 13% in Indonesia and Malaysia), removed fuel subsidies in 
order to finance poverty alleviation policies.  
383. Tradable permits have not been used in Southeast Asia. The main reason for not using 
tradable permits is the regulatory burden; this instrument requires a tracking system to record 
transactions and more importantly a consistent legal framework which has not been available 
in ASEAN (OECD, 2012; personal communication with researchers in Malaysia, Indonesia 
and Viet Nam). Furthermore, the implementation of tradable permits has been considered 
premature when there is still a lack of evaluation of other market-based instruments in place. 
Taking air pollution management as an example, Indonesia and Malaysia had recently decided 
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to remove high levels of fuel subsidies. Removing fuel subsidies was the first priority in the air 
pollution management agenda, not the use of tradable permits. 
 
5.4.2 East Asia 
 
384. For air-related environmental management, Mongolia has launched a wide set of MBIs 
to curb air pollution stemming from household heating and cooking. PRC has been focusing 
more effort on its industrial, energy and transport sectors. This difference closely relates to the 
relative contributions of these sectors to the two countries’ air pollution. For instance, in 
Ulaanbaatar, emissions from household heating and cooking account for about 50% of the 
city’s air pollution, while smog in Beijing is largely attributable to fossil fuel combustion in 
manufacturing, power generation and transport sectors.  
 
385. In both countries the MBIs are mostly intended to impose additional costs on actors 
responsible for adverse environmental outcomes (e.g. excessive pollution and 
overexploitation of natural resources), and to provide financial incentives to finance 
environmentally friendly actions (e.g. renewable energy supply). One rare exception is that 
the PRC’s agricultural production is exempt from paying water use fees, which can be 
regarded as a substantial subsidy for agricultural water use in light of the considerable water 
use fees imposed on other sectors. There is thus considerable scope for water savings in the 
PRC’s agricultural sector.  
 
386. For SO2, PRC employs both a cap-and-trade scheme and a pollution tax. This use of 
a policy mix is somewhat unusual.  In theory the two MBIs are able to achieve equivalent 
outcomes under certain circumstances (when the total supply of tradable permits is set at such 
a level that the market prices of permits converge to the same rate of the pollution tax). One 
explanation is that the two MBIs have different advocates inside the government because they 
add to the power and income of different government departments. For example, the finance 
department collects environmental taxes, whilst the environment department is responsible 
for the initial allocation of tradable permits (which can be chargeable). It would be advisable 
to discern and address such conflicts of interest to achieve socially optimal policymaking.  
 
387. In East Asia there is a body of empirical literature that has reported on the considerable 
achievements of MBIs. For instance, the PRC’s pollution charges have been quite efficient in 
reducing industrial firms’ water and air pollution (Chen, 2013). And of the PRC’s seven pilot 
carbon markets, large trading volume tends to be closely associated with a greater degree of 
carbon emission reduction (Chen and Xu, 2018). There also exists evidence showing that a 
hypothesized increase in the PRC’s gasoline tax rate would help mitigate air pollution via 
reducing driving (Qin, Zheng, & Wang, 2013) and enhancing the preference for fuel efficient 
vehicles (Sun, Xu, & Yin, 2016).  
 
388. In addition, by 2015, generous state subsidies have enabled PRC to establish the 
world’s largest renewable energy sector. Moreover, extensive numbers of Mongolian 
households have switched to energy efficient dwellings and stoves, improved insulation, 
renewable energy, and clean fossil fuels, which could not have been affordable at 
unsubsidized prices. Further, both countries’ waste collection and disposal services mostly 
rely on public subsidies to operate.  
 
389. A widely acknowledged strength of MBIs (compared with commonly applied CAC 
approaches) is their cost-effectiveness. However, an additional, under-explored merit of MBIs 
is their potential to incentivize enforcement actions, when environmental regulations can only 
be weakly or selectively enforced due to interventions of vested interests. For instance, 
financial benefits will accrue to government bodies from enforcing a pollution charge. This 
helps explain the uneven performance of environmentally-related MBAs in the PRC. For 
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example, the PRC’s pilot carbon markets functioned better in Hubei province, where emissions 
permits were allowed to be auctioned by authorities (Chen and Xu, 2018). Moreover, the 
piloted pollution taxes (which were expanded later to the entire country) outperformed pollution 
charges (Zheng, 2016). In the PRC’s pollution charge system, local environment bureaus were 
responsible for collecting and spending pollution charges. This depleted the tax base (which 
depended on industrial profits) available for more powerful authorities such as local 
government leaders and treasuries, who might have overridden environment bureaus and 
tolerated shortfalls in pollution charge payments. A pollution tax would be able to rectify this 
drawback, because the revenues from the pollution tax would now be reaped by these more 
powerful authorities, which would incentivize their enforcement actions. 
 
5.4.3 South Asia 
 
390. South Asia has had several experiences using MBIs to protect its environment and 
conserve resources.  Of the seven countries in South Asia, India has the largest economy and 
has used a number of such instruments to deal with its environmental problems.  Many of 
them have not been fully implemented due to difficulty in terms of regulatory requirements.  
For example, privately-operated Central Effluent Treatment Plants (CETPs) are intended to 
provide a central location to which firms can send their effluent for processing and disposal. 
These facilities have utterly failed, so the National Green Tribunal ruled the pollution control 
board and the Madhyapradesh Industrial Development Corporation to pay 9.6 million Indian 
Rupees for cleanup of the Ulash river (Chatterjee, 2017).  According to a Hindustan Times 
report (27 February 2017) the state environment secretary said that, “An effluent treatment 
facility is an extensive business.  If owners are required to contribute, either they default or cut 
corners. The only way to resolve this issue is to delink CETPs from owners and have 
responsible independent agency operating them.”  The popular belief in South Asia is that 
governments have made many environmental regulations, but a very few of them are properly 
implemented. Despite such a feeling among researchers and academics in South Asia, there 
are some success stories. 
 
391. One of the best examples is the feed-in-tariff rule for renewable energy producers to 
supply electricity to the power grid.  The nation-wide feed-in-tariff rule in India was designed 
to accelerate investment in renewable energy technologies, and it has unlocked the potential 
of rooftop solar power in India (Saumy, 2018). The tariff rate for buying renewable power from 
small producers unleashed investment in solar rooftop plants in urban India, who can pay-off 
their bank loans through monthly instalments in 25 years. Soon renewable energy production 
reached the capacity limit (20%) set by the government (for example in the state of Gujarat). 
Tariff rates are usually fixed for a given period.  However, rapid developments in solar 
technology and hence reduction in costs of production led to significant increases in the supply 
of power which the grid was not capable of handling.  Soon the Government of India began to 
argue for reducing the tariff rate paid to small producers every year.  Against this backdrop, 
the government introduced an ‘auction’ system under which renewable energy prosumers 
(producer and consumer) offer their bid to fix the tariff rate to sell their electricity.  The system 
resulted in nearly a 50% drop in the tariff rate compared to that under the feed-in-tariff system.  
Expansion of solar power not only increased the supply of clean energy, but also reduced air 
emissions by reducing the need to expand the coal-fired power plants, which are widely used 
in India and responsible for air and water pollution and also emission of greenhouse gases. 
These new policies have also reduced the cost of electricity for consumers. 
 
392. A second story in both India and Bangladesh is in the water sector.  Bangladesh has 
been heavily dependent on groundwater for irrigating its agricultural land.  This is also true in 
many states in India  Pubic investment in irrigation infrastructure, and subsidized provision of 
water (coupled with reduced price of electricity for water pumping) has led to a decline in both 
surface water supplies and groundwater tables (Rahman et al., 2011; Sidhu, 2010).  As a 
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result, in many parts of South Asia private informal water markets began to appear (Anshika 
et al., 2017; Venkatachalam, 2016).   
 
393. Barind tract in Rajshahi region in Bangladesh is a drought-prone area and suffers from 
acute shortages of surface water.  To deal with the water crisis in agriculture, irrigation project 
using deep tubewells were developed in 1985 (Asaduzzaman, 2013; Sharma & Prathapar, 
2013).  This resulted in lower water tables. In 2010, the Barind Authority introduced pre-paid 
meters using smart cards for irrigating agricultural land on a per-hour basis. As a result, 
farmers began to optimize their water use on their field crops and reduced extraction of 
groundwater. This enabled the irrigation authority to expand the area of coverage of the 
project. The hourly pre-paid meter system implemented in the Barind project thus encouraged 
more sustainable use of water resources (Asaduzzaman, 2013).  
 
MBIs offer the opportunity for real environmental improvements and can transform 
the economic environment if properly implemented. 
 
394. As discussed in this chapter, MBIs are not a panacea, and the introduction of any new 
policy instrument needs careful consideration of the available options, the local social and 
economic context, and an understanding of the institutions required for successful 
implementation. However, MBIs have proven to be successful in addressing environmental 
and resource problems in a variety of contexts.  
 
395. The next chapter provides specific recommendations for the piloting of new MBIs, the 
upscaling of existing MBIs, and where evidence suggests that some MBIs can be implemented 
in the near term (so-called "low-hanging fruit”). 
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Chapter 6. Recommendations 

 

Key Messages: 

• The use of market-based instruments (MBIs) is key for Asian countries to balance 
economic and environmental objectives, move towards a green transition and 
attain their commitments to the Sustainable Development Goals.  

• The efficiency properties of MBIs help policymakers to balance promoting 
economic growth and addressing environmental damages that arise due to market 
failures.  

• Successful implementation of MBIs is often the result of long-term experimentation 
and adaptation.  

• Some MBIs, such as removing fossil fuel subsidies, taxing emissions, pricing water 
resources, and procurement auctions for electricity offer significant promise to be 
transformative.  

• MBIs have potential to be deployed in new areas, particularly through information 
provision, reforming subsidies, taxing emissions, and pricing scarce resources 
such as water.  

• Some MBIs have proven successful and could be “scaled up” to further improve 
environmental outcomes.  

• MBIs with potential for “scaling up” include additional emissions trading programs, 
deployment of feed-in tariffs and procurement auctions, and expanding payments 
for ecosystem services. 

• Pilot studies are recommended to help understand where and how MBIs have 
potential to effectively address environmental and resource problems.  
 

6.1 The role of MBAEM for growth and sustainability 

396. The use of market-based approaches to environmental management should be 
viewed from the perspective of the developmental ambitions and related environmental 
challenges of each individual country. All countries have ambitions in terms of growth and 
development, and Asian countries are among the most dynamic in the world. But material 
growth needs to be balanced by environmental management and the broad commitment to 
the attainment of the Sustainable Development Goals by 2030.  
 
397. The region is facing critical environmental and resource challenges. Chapter two 
highlights that the world’s most polluted air is found in Asian cities. Chapter three emphasizes 
that water scarcity is increasing in Asia, and water pollution threatens the freshwater that 
serves a growing population. Chapter 4 notes that the global increase in both material 
consumption and generation of waste is primarily stemming from Asia. Developing economies 
in Asia will therefore need policies that enable continued growth by ensuring sustainable 
production and consumption.  
 
398. By using market-based instruments, environmental goals can be reached in the most 
efficient way possible. MBIs ensure that pollution reductions are cost-effective; create 
incentives to improve environmental quality by stimulating innovation; and rely on pricing 
mechanisms to efficiently allocate scarce natural resources. As discussed in chapter 1, 
through the design of MBIs, signals can be given to producers and consumers that incentivize 
efficient use of resources, discourage environmental pollution and encourage innovation in 
new products, processes and technologies.  
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399. Application of MBAEM is also consistent with the increased attention to sustainable 
production and consumption, climate change and inclusive green growth created by the 
Sustainable Development Goals, the Paris Agreement and other international agreements. 
For these commitments to be achieved, there is a need to utilize scarce natural resources as 
efficiently as possible. For that to happen, all actors must be aware of the real social cost of 
resource use.  
 
400. This report provides concrete examples of the complexities of efficient environmental 
policy design. The characteristics of environmental problems need to be matched with the 
characteristics of the policy instruments as well as the capacity of involved institutions and the 
political feasibility of the proposed instruments. In practice, this means that there is no “silver 
bullet”, and no “one-size-fits-all” when it comes to the choice of policy instrument, its design 
and implementation. Instead, this review has revealed that efficient design and implementation 
of MBIs is characterized by gradual learning, adaptation, policy dialogue, and in many cases 
the use of multiple policy instruments.  
 
401. In many cases, the successful deployment of MBIs has required years of work and a 
long-term political commitment by higher-level governments. For example, in the 1990s PRC 
experimented with the public-private partnerships in the municipal water supply sector. Many 
of these contracts were terminated early and at the time were widely considered failures. But 
PRC learned from its experiences with foreign contractors and gained valuable expertise. The 
government persisted in its efforts to utilize the expertise of private firms, shifting its focus from 
engaging foreign private contractors to domestic private contractors. As a result, private sector 
partners have increased capital investments in the sector and improved production efficiency 
(Wu, House, and Peri, 2016). Today, after over 20 years of experimentation and learning, the 
private sector arguably plays a larger role in the municipal water sector in PRC than anywhere 
else in Asia. This has been achieved as a result of the government’s long-term strategy and 
commitment. 
 
402. Similarly, the success of Manila’s water privatization has not been easy. In the initial 
privatization plan, the city was divided into zones, each to be run by a different concessionaire. 
The goal was for the regulator to benchmark each concessionaire’s performance against the 
other. The East Zone, run by Manila Water, was deemed a success, but the West Zone 
concession initially failed and had to be re-bid. Meanwhile, the East Zone continuously revised 
its tariffs with considerable controversy. There was no master plan for how to deal with such 
difficulties. Rather it was a process of trial and error that eventually led to progress in both the 
East and West concessions. 
 
403. Likewise, despite of a slow start, there is evidence of the efficacy of the PRC’s pollution 
charges in reducing industrial firms’ water and air pollution. The PRC’s carbon emissions 
trading pilots yielded large trading volumes and high transaction prices. Successful 
implementation of MBIs requires a willingness to experiment and adapt programs to changing 
conditions. Policymakers in Asia who are considering the use of one or more MBIs need to 
appreciate the challenges of implementation, and they will need the support and guidance 
from those who have successfully implemented MBIs. 
 
404. In the waste management sector, the successful use of MBIs requires coordination 
across various levels of the waste-stream (upstream waste-reduction, domestic and industrial 
waste collection, and waste processing). For example, the use of deposit-refund schemes to 
improve the collection rates of used-batteries in India proved successful in increasing 
customer-returns of used batteries. However, retailers preferred to sell the returned batteries 
to the informal sector that could collect more frequently than manufacturers and were able to 
pay higher prices, as they did not have to adhere to environmental standards (Dholakia & Jain, 
2015). 
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405. Since these examples show the gradual process of implementing environmental 
policies, the next section outlines stages of what could be considered a deployment strategy 
for new MBIs. 
 

6.2 Where are the New Opportunities for the Use of MBIs? 
 
6.2.1 Design of a deployment strategy 
 
406. The stocktaking reports and the systematic reviews that were carried out for this report 
show that the application of various MBIs differ greatly between sectors and across different 
countries (see in particular Table 25 for a summary). This mirrors the experience from OECD 
countries, where the deployment of MBIs has been very gradual and where certain 
combinations of policy instruments and application are much more common than others.  
 
407. For countries with little experience in the application of MBIs for environmental policy, 
this section provides steps for potential deployment of new MBIs.  
 

Do not experiment with an MBI if previous evidence does not support its use. 

408. As can be seen in Table 24, almost all instruments that this report has focused on have 
already been applied in all three sectors. The striking exception is tradeable permits when it 
comes to waste since the output to be traded is not easily homogenized to enable transactions. 
In general, tradable permits is an advanced policy instrument that requires significant 
investment in institutional capacity. 
 
No-regret (negative cost) options are recommended.  
 
409. There are a number of policies that are well established as “no-regret options”. These 
are the obvious candidates for the deployment of new MBIs. These are categorized into three 
groups:  

• Information provision, which is often the first step to more ambitious environmental 
policies;  

• Subsidy reform; especially the removal of subsidies for fossil fuels, as they both 
deplete public funds and increase environmental damages;  

• Implementation of Pigouvian taxes and pricing of scarce resources. Throughout 
this report we see evidence that environmental taxes and fees are too few and too low. 
There are a number of such applications that should be implemented at a larger scale 
and with higher frequency.  

 
Where there has been successful experience with similar instruments in other 
settings, an MBI could be recommended.  
 
410. An MBI could be implemented with a high probability of success if previous experience 
has demonstrated its feasibility, and if the local context suggests that it is practical. 
Specifically, if a similar instrument has been successfully used in developing Asia, that 
instrument should be promoted.  
 
Where an MBI would be suitable, but where evidence in developing Asia is absent, 
additional pilot studies are recommended.   
 
411. In the following, we will elaborate on steps (ii) to (iv) as a stepwise approach to MBI 
deployment. 
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6.2.2 No-regret options 
 
Building momentum with information 
 
412. A first step toward deployment of MBIs is the creation of awareness of the 
environmental problems. There is an understandable reluctance by governments to implement 
new regulations and create new markets unless the problem to be addressed is considered to 
be a high priority. Similarly, voters would be reluctant to accept higher environmental taxes, 
fees, charges and restrictions if they do not perceive the benefits to be corresponding – or the 
cost of inaction too high. Information can thus pave the way for reform and represent a policy 
instrument in its own right.  
 
413. A striking example of the power of information is the case of the air-quality monitor on 
the US Embassy in Beijing that was installed in 2008. At the time, it was widely known that the 
air quality in Beijing was bad, but the new information provided by continuous monitoring led 
to a widespread discussion of the problem. “When the US Embassy in Beijing started tweeting 
data from an air-quality monitor, no one could have anticipated its far-reaching consequences: 
It triggered profound change in the PRC's environmental policy, advanced air-quality science 
in some of the world’s most polluted cities, and prompted similar efforts in neighboring 
countries” (Roberts, 2015). 
 
414. A second example of information as an instrument in its own right is “information 
disclosure”. This instrument is particularly relevant where enforcement is weak but civil society 
is strong. One of the most well documented cases of information disclosure in Asia is the 
PROPER system of industrial pollution of rivers in Indonesia (see case 7 in Annex A). 
 
Subsidy reform 
 
415. Another no-regret option is to reform perverse subsidies. In chapter 2 there are a 
number of examples of how previous energy, and in particular fossil fuel, subsidies have been 
reformed. Such subsidies typically have negative environmental consequences and have 
direct costs to the government government budget. Subsidies that are provided to support 
consumption of fossil fuels encourage excess energy consumption, promote energy-intensive 
industries, reduce incentives for investment in renewable energy, and accelerate the depletion 
of natural resources (Clements et al., 2013). The IEA estimates the value of global fossil fuel 
consumption subsidies in 2016 around US$260 billion, with vast differences by country. The 
cost of subsidies vary depending on the methodology and whether externalities are included, 
but in 2015 IMF estimated that energy subsidies would cost a total of US$5.3 trillion, or 6.5% 
of global GDP (Coady et al., 2015)12.  
 
Pigouvian taxes and resource pricing 
 
416. When a good or service costs less than the true social cost to society, there is an 
externality generated by its production or consumption. Such externalities lead to inefficiencies 
throughout the economy, which reduces the well-being of society.  
 
417. A no-regret policy is therefore to identify such negative environmental externalities, 
estimate the negative welfare implication each externality has and then impose a tax so that 
the producers and consumers fully internalize the cost (a so-called “Pigouvian tax”). Such 
taxes can be placed on greenhouse gas emissions, pollution and environmental degradation. 
 

                                                

12 See also the work of the Global Subsidies Initiative (GSI, 2018). 
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418. Pigouvian taxes raise revenue while at the same time reducing the negative 
environmental impact. It might be tempting to see Pigouvian taxes primarily as a tax base, but 
it is better to see them primarily as environmental taxes that just happen to also give a positive 
effect to the budget and allow reduction of other. Figure 9 shows the carbon prices and 
emissions coverage in 2016. It also reveals that Asian countries still have untapped potential 
in terms of application of carbon pricing. Throughout this report it has also been noted that 
while taxes, charges and fees are common policy instruments, the levels are typically too low 
to change behavior dramatically.  
 
419. Similarly, water and other scarce resources should be charged according to its 
opportunity cost. Without proper pricing, those resources will be overused and misallocated 
throughout the economy.  

 

Figure 9. Carbon price and emissions coverage of implemented carbon pricing initiatives 

 

Source: World Bank, State and trend of carbon pricing, (2016). 

 

6.3 Opportunities and Potential for Upscaling of MBIs for Air, Water 
and Waste 

 
420. This report has reviewed the experiences of applications of MBAEM in Asia. This 
means that many pilot studies have already been conducted that can be used for further 
deployment of MBIs in countries with similar institutional capacities. In terms of potential for 
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upscaling of MBIs for air, water and waste a number of “low hanging fruits” are described 
below and in the case studies (Annex A).  
 
421. MBIs in Asian DMCs have often suffered from a low level of stringency, and poor 
monitoring and enforcement. Careful consideration of the choice of MBI and the use of multiple 
policy instruments may be needed. This section discusses opportunities for innovate policies 
and/or modifications of existing MBIs that can deliver substantial economic and environmental 
benefits at a relatively low cost.  
 
Low hanging fruits to reduce air pollution 
 
422. Asian developing countries have implemented a wide array of market-based policy 
reforms for air pollution mitigation. Many of them have been intended to improve or update 
existing regulations, which represents a type of ‘low-hanging fruit’ that is particularly 
achievable and advisable. This does not necessarily mean that such policy reforms are 
exempted from political resistance or are universally successful. However, they may be more 
likely to deliver the expected improvements as they emerge as remedies to observed 
imperfections in existing policies. In contrast, developing new policies from scratch may be 
more controversial or uncertain than reforming existing policies. Moreover, imperfections in 
existing policies may necessitate these policy remedies anyway and hence render them more 
pressing than opening another front.  
 
423. Expand emissions trading. To address air pollution, two of the case studies show 
exceptional promise for upscaling. Case study 1 looks at the seven pilot carbon emissions 
trading schemes that were implemented in PRC during 2013 – 2017. Cap-and-trade schemes 
dealing with air pollution have been successfully implemented in both Europe and the United 
States in the past. The pilot Emissions Trading Schemes (ETS) in PRC both show the promise 
and challenge of wider implementation of such schemes. The case study points at the 
reluctance that companies showed, and the resulting thin markets in some of the pilots. Even 
so, at least two of the pilots performed well and reduced carbon emissions substantially. Even 
more experience will be gathered as the program is now implemented at the national level and 
other countries and sectors could learn from this as they design their own programs. 
 
424. Relax subsidies to reflect technological progress. As mentioned in Chapter 2, 
renewable energy policies in many Asian developing countries have considerable scope for 
improvements in light of the rapid decline in production costs owing to technological 
innovations. In 2017, the cost range of solar power generation in PRC and India was within 
that of fossil fuel-fired electricity generation. This implies that in the absence of subsidies, solar 
power may soon become as competitive as fossil fuel-fired electricity in terms of generation 
costs. Therefore, public subsidies for solar power generation should be reduced at the same 
pace, or even fully abolished. Moreover, excessive and unnecessary subsidies could both 
reduce public budgets for other competing needs, such as education and healthcare, and also 
discourage technology innovations.  
 
425. Procurement auctions to ensure low-cost renewable energy. A procurement 
auction would require solar energy suppliers to specify the prices they wish to receive, and 
the grid would then purchase energy from the least-cost suppliers. Solar energy suppliers in 
competition with each other would be willing to accept lower prices as long as they can make 
a profit, which pushes prices down to something closer to production costs. This mechanism 
thus creates dynamic prices for solar energy that are more adaptable to changes in production 
costs (see case study 5 on Gujarat in Annex A). However, problems in the transmission 
process have increasingly emerged alongside the scale-up of renewable power, especially 
where renewable energy endowments are geographically uneven and renewable power 
needs to be transmitted over long distances. Advanced power grids and storage systems are 
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required to better accommodate the intermittent nature of many types of renewable power 
(such as solar and wind) at a larger scale. In addition, some localities may be reluctant to 
import renewables from wind- and solar-rich areas in order to protect local fossil fuel-fired 
power suppliers. Policy instruments should be increasingly directed to research and 
development activities and infrastructure investments for the transmission and storage of 
renewable power, and to overcoming the institutional hurdles of cross-province transmission. 
Otherwise renewable energy would be prone to high risk of curtailment. 
 
426. Strengthen the enforcement of existing environmental policies by better 
incentivizing implementing bodies. For instance, the PRC’s former pollution charges were 
found to be able to reduce pollution when rigorously enforced. The main problem was that 
pollution charges were often weakly or selectively enforced due to a conflict of interest among 
implementing bodies. Previously, local environmental bureaus were responsible for collecting 
and spending pollution charges, which would reduce the tax base available for more powerful 
stakeholders such as local governmental leaders and treasuries. Those stakeholders have 
incentives to protect corporations from pollution charges because they are important 
contributors to tax revenues. This was widely considered to be an important reason for the 
weak enforcement of pollution charges. Replacing pollution charges with environmental taxes 
would overcome this hurdle because environmental tax revenues now accrue to local 
governments and incentivize their enforcement actions. 
 
427. Phase out fossil fuel subsidies. Many environmentally-harmful policies can be 
reformed in order to achieve the same outcomes at a lower cost to the environment. For 
instance, diesel subsidies are still widespread, despite overwhelming evidence of the fuel’s 
detrimental impact on human health. The agricultural sector often strongly lobbies for this 
subsidy by arguing for its contributions to food security and poverty alleviation, as agricultural 
machinery often is powered by diesel. However, output-based subsidies, such as price 
premiums for agricultural products or subsidies for agricultural machinery powered by 
renewable energy, can achieve the same objectives. Switching to such policy alternatives 
would considerably reduce political resistance towards the phase-out of environmentally 
harmful subsidies. For instance, India attempted to launch a fossil fuel reform intended to curb 
the incentives for the use of diesel. This agenda provoked strong resistance from the public 
and was eventually reduced to a gradual rise in diesel prices instead of the outright removal 
of diesel subsidies. This problem may be smoothed over by replacing diesel subsidies with 
environmentally friendly (or neutral) subsidies that target the same interest groups. 
 
Low hanging fruits to improve water management and reduce water pollution 
 
428. Behavioral nudges can induce a low-cost behavioral change. Behavioral “nudges” 
use information or changes in choice structure to influence the behavior and decision-making 
of water users to complement the use of MBIs. Behavioral tools such as social comparison 
message; information provision on water quality; a combination of technical information, moral 
suasion and social comparison; social norms; and education campaign have been 
experimented on in water sector around the world.  
 
429. A mixed policy instrument to address water use and waste discharge is 
recommended. Such a policy mix would include an effluent charge and an information 
provision policy. Such an application of information provision has been successful in Asian 
countries, whereas effluent charges have shown mixed results (for reasons described earlier). 
Examples of information provision to address water resource issues include PROPER 
(Program for Pollution Control, Evaluation and Rating) for water management in Indonesia; a 
water-efficient product labelling scheme in Malaysia; the Eco-Watch program in the 
Philippines and the PRC; and the Industrial Waste Exchange program in the Philippines. In 
Malaysia and the Philippines, applications of effluent charges resulted in large and significant 
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decreases in BOD discharges. In the PRC, reduction in water pollution from industry was 
reported, although pollution fees were too low and enforcement was weak. 
 
430. A mixed policy of information and effluent charges provides an opportunity for 
complementary policies. Utilization of the supporting system of one instrument for the other 
one would help mitigate costs of the policy. For example, the information requirements for a 
successful implementation of the information provision instrument also cover the information 
requirements for the implementation of effluent charges. Information on firm-level activities 
and discharge, such as self-assessment data and primary field data, should be collected and 
submitted to authorities, and that information would be used for both the information 
instrument and the effluent charge. In addition, information on available abatement 
technologies and environmental damage from discharge is required in order to set the charge 
at a level that provides enough incentives to achieve a desired pollution reduction. A policy 
mix could be applied for medium and large firms in the early stage of the implementation 
process to reduce transaction costs in collecting and processing information. 
 
431. There are challenges to implementing any new environmental policy, and political 
concerns about the impact on regulated firms (particularly if they face international competition 
through trade) in this area tend to be particularly widespread. However, the mixed policy could 
reduce costs in the longer-run, as providing information could reduce the effect of asymmetric 
information and therefore improve competition. Moreover, the mix of information instruments 
and effluent charges both create incentives for adopting environment-friendly technology and 
innovation. Separately, each instrument has demonstrated some efficacy in reaching 
environmental targets, but a mixed policy has potential to significantly improve environmental 
outcomes.  
 
432. Expand Payments for Ecosystem Services. Case study 8 deals with payment for 
ecosystem services to protect watersheds in Viet Nam that had been over-exploited. After a 
period of piloting, the PES program was implemented at the national level in 2011. Specifically, 
Decree No. 99 stated that “Hydropower production facilities must pay for services for soil 
protection, reduction of erosion and sedimentation of reservoirs, rivers and streams, and for 
services for regulation and maintenance of water sources for hydropower production”. The 
program spread rapidly over the country and the implementation of PES for water protection 
has helped to reduce the financial burden of the government forest conservation and 
protection. Until June 2016, $257 million of PES money was collected for a protection of 5.6 
million ha of forest (VNFF, 2016). Moreover, PFES has improved the economic condition and 
created sustainable livelihoods for local people and communities who protect and manage the 
forests. According to VNFF (2016), until June 2016, more than 500 000 households, who are 
mainly for ethnic minorities and poor households living in the forested area, have received 
PES money for protecting forest.  
 
433. The Viet Nam Payments for Ecosystem Services (PES) model might be even more 
applicable in other countries since Viet Nam has devolved forestland use rights from the state 
directly to households. This type of reform is distinct comparing to other countries that 
devolved rights from state to community in the form of community-based forest management. 
The individual household contracts for service providers imply high transaction costs and high 
administrative capacity of intermediary agencies to ensure well-defined terms to each 
contract, an efficient payment scheme, and effective monitoring and evaluation. With 
community contracts such payment schemes could be even more attainable.  
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Low hanging fruits to improve waste management 
 
434. When it comes to waste, a challenge is to define a clear goal. For example: “Zero 
waste in Asia by 2030”. This acts as a catalyst to both the public and private sectors in the 
waste generation and beneficiation industries and identify a clear objective that can be 
monitored over time. Supporting policies to transition to more market friendly approaches to 
environmental management can then also be identified, such as encouraging public private 
partnerships in the waste collection, storage, transportation and beneficiation industries. 
 
435. The implementation of initiatives to separate waste at the source can help increase 
recycling rates and improve waste processing. The first step is for households to separate 
their waste into organic and inorganic components which must be collected separately. For 
firms, it means separating waste so that hazardous waste can be effectively isolated from non-
hazardous waste. The combined effect on both households and firms separating waste is to 
enable waste beneficiation activities in the private sector to kick-start with little intervention or 
encouragement from government. This would enable markets for downstream waste 
beneficiation to arise without the need for legislating. However, at the municipal level this must 
be coordinated to ensure integration of public and private sector waste management activities.  
 
436. Micro-waste depots in informal settlements would encourage informal sector 
waste pickers (or collectors). This would act as a complementary policy in some areas to 
collect general waste and deposit them in safer designated areas, rather than disposing of 
waste in waterways and other areas. Micro collectors could be incentivized to participate by 
providing payments per kilogram of waste collected (via electronic payment). Waste could 
then be separated and, if practical, private sector transport providers could be incentivized to 
transport that waste to recyclers and other waste beneficiation companies.  
 
There are opportunities for pilot programs for waste management.  
 
437. After geo-locating landfills in ADB member countries, pilot projects could be 
implemented whereby investments could be directed to waste-to-energy manufacturing plants 
that utilise incineration, pyrolysis or gasification technologies. By establishing such plants 
adjacent to landfills, it would be possible to divert waste from landfill and direct it immediately 
to energy. These technologies can deal with multiple sources of wastes (e.g. incineration can 
deal with mixed waste; pyrolysis and gasification can deal with hydrocarbon-based wastes like 
plastics, synthetic rubber from tyres, etc). Pilot projects should look to encourage public-
private partnerships with development finance institutions and entrepreneurs. This would 
facilitate the generation of technical and operational know-how in this set of industries, which 
will be very important when scaling up interventions. 
 
438. Identify potential areas in each member country to invest in pilot anaerobic 
digestion plants. Anaerobic digestion is a collection of processes by which microorganisms 
break down biodegradable material in the absence of oxygen. It is a state-of-the-art application 
in converting organic waste (including sewerage sludge, food waste and other organic 
materials that can all be treated simultaneously) to energy. Here, the anaerobic digestion 
technologies convert organic waste to a gas that can power a turbine and inject energy into 
the grid. This requires an enabling environment for renewable energy because a large part of 
the revenue for anaerobic digestion plants comes from being paid per unit of electricity they 
inject into the grid. As such, domestic energy policies will also play a role in rolling-out this 
pilot program. 
 
439. Finally, pilot projects could be rolled out to prevent general waste from entering 
waterways. Here countries should look to identify the major rivers and waterways that move 
general waste from land to sea. Ocean waste is of increasing general concern. At these sites, 
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water filtration systems can be combined with incineration, pyrolysis or gasification plants to 
immediately deal with diverting this waste from oceans. Pilot projects could be set up across 
all coastal Asian countries. 
 

6.4 Recommendations Regarding Piloting of MBIs 
 
440. One outcome of this study was the documentation of the lack of empirical evidence in 
developing Asia for many MBIs (see the description of the systematic review in Annex B). The 
lack of impact evaluation of MBIs in many Asian countries points to the importance of 
supporting research initiatives investigating the effects of existing MBIs as well as cross-
country comparisons of the performance of MBIs across Asian countries. This could be 
supported by targeted pilot programs and careful data gathering for impact evaluation.  
 
441. Some promising instruments still need more testing before they are scaled up. In the 
water sector, case study 3 told the story of how the Phnom Penh Water Supply Authority 
changed a situation in the early 1990s of inefficient service with poor coverage and financial 
losses and by 2008, increased its “annual water production by 437%, distribution network by 
557%, pressure of the system by 1260%, and customer base by 662%” (Biswas & Tortajada, 
2010, p. 157). The case also highlights that water pricing involves several challenges. 
Specifically, 

• The local authority needs capacity to accurately measure water use and to collect 
payments from customers. 

• The price level and tariff structure need to balance trade-offs between policy 
objectives. 

• Policymakers need to overcome “ancient instincts” to keep water prices low 
(Whittington, 2016).  

 
442. In addition to reforming pricing and bill collections, the water authority also focused on 
reducing non-revenue water and improving staff efficiency through various other reforms. To 
address these issues, reforms in human resource management, social contracts with 
communities, and technological solutions were also implemented. The complexity of such 
combined reforms highlights the importance of in-depth institutional knowledge and careful 
piloting before scaling up sector reforms.  
 
443. A promising direction to address water resources in Asia include behavioral nudges 
that use informational interventions or changes in choice structure. These types of 
interventions have been shown to influence behavior and decision-making regarding water 
use, which can complement the use of MBIs. Behavioral tools such as social comparison 
messages; information provision on water quality; a combination of technical information, 
moral suasion and social comparisons; social norms; and education campaigns have been 
experimented in water sector around the world, and the time is now ripe for pilot studies in 
developing Asia. 
 
444. To address waste problems, there is a need for intense piloting to enable 
establishment of markets utilizing the inherent value in various waste streams. The 
waste sector provides potential opportunities for profitable innovations, but the informal sector 
in is also a critical element in both waste collection and recycling. New and innovative 
institutions are therefore needed to transition to more market-friendly approaches such as 
public-private partnerships in waste collection, storage, transportation and beneficiation 
industries.  
 
445. Policies to separate waste at the source can help to increase recycling rates and waste 
processing. For firms, it means separating their waste so that hazardous wastes can be 
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effectively isolated from non-hazardous wastes. The objective is to enable waste beneficiation 
activities in the private sector.  
 
Specific recommendations for pilots include  
 
446. Experimenting with micro waste depots in informal settlements which could encourage 
informal sector waste pickers to collect general waste, e.g. by paying collectors into an 
electronic wallet per kilogram of waste collected.  
 
447. Geo-locate landfills and identify a few for pilot projects that seek to invest in waste to 
energy manufacturing plants utilizing incineration, pyrolysis or gasification technologies. This 
could be done through public-private partnerships with development finance institutions and 
entrepreneurs. It will facilitate the generation of technical and operational know-how in this set 
of industries, which will be very important when scaling up interventions. 
 
448. Finally, pilot projects could be launched to deal with preventing general waste from 
entering waterways. Here, countries should look to identify the major rivers and waterways 
that move general waste from land to sea. At these sites, water filtration systems can be 
combined with incineration, pyrolysis or gasification plants to immediately deal with diverting 
this waste from oceans. Pilot projects could be set up in any coastal nation. 
 

6.5 MBIs have Potential to Address Environmental Problems  
 
Towards a broader market-based approach to environmental policy 
 
449. Impact evaluation and involvement of researchers important to enhance 
learning, design, targeting and scaling up. The review finds that many countries in Asia 
have experimented with MBIs. Most of the MBIs used in the United States and Europe have 
been tried somewhere in the Asia region. Moreover, some new policy instruments have been 
developed and used for the first time in Asia (e.g., the Community-Led Total Sanitation 
designed to increase household demand for better sanitation which has been implemented in 
several countries in Asia). Policymakers in the Asia region are thus likely aware of MBIs, even 
if they are rarely the policy instrument of choice. 
 
450. However, attempts to deploy MBIs in Asia have rarely been part of a well-conceived, 
coordinated strategy to harness market forces to improve environmental quality and the use 
of natural resources. Instead, many efforts to use MBIs have been one-off, ad hoc programs 
or experiments with limited associated learning. The perception among environmental 
professionals in the region is that some of these experiments have succeeded, while others 
have failed. For example, Information provision and labelling has been a successful example 
of an MBI in the Southeast Asia region.  
 
451. The review has also revealed that there have been few carefully-executed quantitative 
evaluations of the MBIs in Asia. Because the implementation of MBIs has often been ad hoc 
and not part of a long-term strategy, evaluations have rarely been planned at the time an MBI 
program is launched. Baseline information needed for rigorous evaluation is thus typically 
missing, and the opportunity to learn more about the effective use of the MBI is compromised.  
 
452. There is thus a lack of causal evidence of the magnitude of the outcomes that have 
resulted from the implementation of MBIs. Nor are the factors leading to the successes and 
failures of MBIs well understood. Most existing evaluations have been qualitative case studies 
conducted after the policy intervention and thus rarely address the question of what would 
have happened in the absence of the intervention. 
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453. There is therefore a compelling case to strengthen the interface between policy makers 
and scholars that have the required analytical tools to support the process towards more 
efficient environmental policy instruments. Clearly this type of coordination would require a 
committed effort by all interested parties. A recent review of climate related development 
assistance (Köhlin et al., 2015) noted that there are systematic biases both from implementing 
agencies and academia that reduces the probability of such impact evaluations. Dedicated 
efforts are therefore needed to involve independent academic institutions in such analyses. 
Needless to say, international knowledge organizations such as ADB and other development 
partners are important to make this happen. 
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Annex A. Eight case studies on the application of 

market-based approaches for environmental 

management in Asia. 

 

Introduction to MBAEM case studies 

The objective with the case studies is to deepen the analysis of the experiences of 

applications of market-based approaches for environmental management in Asia 

using the project’s analytical framework. The choice of case studies is based on the 

findings of the systematic reviews and the regional stocktaking reports. Given time and 

budget constraints, there was no room for primary data collection and original analysis, 

so the selection of case studies is based on interesting cases where there is already 

enough information of the implementation of the policy that fits the conceptual 

framework.  

  

Guiding principles in developing case studies   

Basis for selection: How well have market-based instruments been working in 

Asia -- in different sectors and different countries?   

Unit of analysis: a particular application of a market-based instrument in a 

sector in a country. (the selection of case studies will be stratified by sector, 

instrument and sub-region)   

Method of gathering data and facts: first review of literature, if possible followed 

by interviews with key informants.    

Method of interpreting findings: analysis of the implementation based on the 

seven criteria (requirements and outcomes) discussed in the analytical framework. 

Discussion of how general the results could be and what experiences could be 

received from the case that could enlighten the general application of MBAEM in 

the region.   
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Overview of case studies by environmental problem and economic instrument 

 Environmental Problem: 

 

 

Economic 
Instrument: 

Air Pollution from 
Energy and 
Industry 

Air Pollution 
from 
Transport 

Failure to value and 
Protect ecosystem 
services 

Poor surface 
water quality 

Inadequate 
municipal water 
and sewerage 
services 

Municipal and 
Industrial Waste 
Collection 

Waste 
Processing 

Tradable 
Permits 

 

Case Study 1. 
Carbon Emissions 
Trading in the PRC 

      

Tariffs, Fees 
and Charges 

 

 Case Study 
2. Singapore 
Congestion 
Charge 

  Case Study 3. Water 
Pricing reforms in 
Phnom Penh, 
Cambodia 

  

Subsidies       Case Study 4. 
E-Waste 
recycling in the 
PRC 

Hybrid 
Schemes 

Case Study 5. 
Feed-in Tariffs and 
Reverse Auctions 
for Solar Power in 
India. 

    Case Study 6. 
Deposit Refund 
Scheme for Lead 
Acid Batteries in 
India  

 

Information 
disclosure 

and voluntary 
agreements 

   Case Study 7. 
Upstream waste 
reduction: 
PROPER in 
Indonesia 

   

 

Payment for 
Ecosystem 

Services 

  Case Study 8. 
Watershed protection 
in Viet Nam 
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Case study 1: Seven Pilot Carbon Emissions Trading 

Schemes in the People’s Republic of China 

Country: People’s Republic of China (PRC) 

Region: East Asia 

Sector: Air 

Problem: Industrial Air Pollution 

Instrument: Tradable Permits - Emissions Trading Schemes 

 

Brief Overview:  

The People’s Republic of China (PRC) launched seven emissions trading scheme (ETS) pilot 
projects in 2013–2014 and officially launched full-fledged implementation of a national ETS in 
late 2017. According to our analysis, during the pilot period, market performance and carbon 
dioxide (CO2) mitigation effect has been limited and uneven across the pilot projects. Hubei 
and Guangdong stand out in many aspects, as their pilots have been very influential. However, 
due to many inherent obstacles, the low trading volume of some pilots shows that the pilot 
carbon market is not liquid enough to be well functioning. It is, therefore, believed that the 
nationwide carbon market can have both promises and challenges.  

 

Background Information  
 
The need to address climate change and reduce greenhouse gas (GHG) emissions has 
become the consensus of the world’s major economies. The PRC has become one of the 
most important players in combatting climate change due to the size of its carbon dioxide 
(CO2) emissions.  
 
In 2009, the PRC pledged to reduce the intensity of CO2 emissions per unit of gross domestic 
product (GDP) by 40%–45% from 2005 levels by 2020. It is the first time for the PRC to 
explicitly announce the carbon mitigation target to the world. Among all market-based 
environmental policies, cap-and-trade became an option for PRC’s decision-makers.  
 
People’s Republic of China’s sector context  
 
The PRC’s phenomenal economic growth heavily relies on coal, which has made it the biggest 
carbon emitter among all countries in the world. Energy-intensive sectors such as power 
generation, manufacturing, building, and transportation accounted for 73% of national energy 
consumption and 82% of energy-related carbon emissions in 2012 (International Energy 
Agency, 2012).  
 
Institutional context  
 
The PRC's experience with carbon markets dates back to 2005 when the Clean Development 
Mechanism (CDM) was introduced to the PRC. Since then, the PRC has become a dominant 
player in the CDM market. CDM projects increased the familiarity of Chinese government 
officials, enterprises, and third-party verifiers with market-based mechanisms.  
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In December 2011, the Chinese government suggested for the first time in its 12th Five-Year 
Plan for National Economic and Social Development to "gradually establish a carbon 
emissions trading market" as a way to control GHG emissions. The GHG Emissions Control 
Work Schedule for the 12th Five-Year Plan specifically points to establishing a "carbon 
emissions trading pilot" and developing the nation's “overall program for [a] carbon trading 
market." This indicates that the PRC's carbon trading policy will follow the principle of "first 
pilot at the local level, then scale up." In October 2011, the National Development and Reform 
Commission (NDRC) designated seven provinces and cities — Beijing, Chongqing, 
Guangdong, Hubei, Shanghai, Shenzhen, and Tianjin — as regions to pilot in a carbon 
emissions trading scheme (ETS) that is consistent with the logic of a cap-and-trade system 
(NDRC, 2011). Based on the pilot experience, the PRC accelerated the construction of a 
national carbon trading market and put it in operation on 19 December 2017.  
 
Application of the People’s Republic of China’s Carbon Trading Market  
 
In addition to learning from existing markets globally, including the European ETS and the 
Regional GHG Initiative in the United States, the PRC has conducted in-depth studies into its 
own conditions in order to establish locally appropriate markets. Commonly, 2013-2017 is 
regarded as the operational phase for ETS pilots.  
 
Overall, the cap-and-trade schemes in the seven pilots have the following characteristics: 
 
Executive entity. In most cases, the executive entity is the local Development and Reform 
Commission, generally the department in charge of resources, environment, and energy. 
Local finance bureaus and other departments provide support to implementation. 
 
Industries regulated. Almost all energy-intensive industries are covered in the pilot trading 
schemes, including electricity, steel, cement, and chemicals. The Beijing, Shanghai, and 
Tianjin ETSs also include the construction and service industries. 
 
Size of the cap. The effective stringency of the caps on total CO2 emissions varies across 
pilots. ETS coverage ranges from 36% of emissions in Hubei to 60% in Tianjin (Table A1.1). 
Covered emissions under all pilots amount to 7% of the PRC’s total emissions. 
 
Government intervention. Government intervention in the carbon market includes emissions 
data collection, emissions permit allocation and auction, and interventions in market pricing 
when necessary. For example, the Beijing, Shanghai, and Shenzhen ETSs put forward market 
conditions and methodologies to regulate prices for emissions permits. 
 
Permit allocation methodology. All pilots adopted the historical emissions method to allocate 
permits, while the benchmarking method was used for new facilities and certain industries. 
The Guangdong, Hubei, and Shenzhen ETSs conducted auctions for emissions permit 
allocation. Other pilots generally distributed permits free of charge. 
 
Transaction threshold and reporting threshold. The pilots also set market access conditions 
for companies involved in the trading scheme and announced thresholds for emissions 
reporting for other large emitters that were not covered by the trading system (referred to as 
“reporting companies”). These companies must report their emissions to the government on 
an annual basis, so the latter can determine whether or not they should be included in the 
future carbon trading scheme. 
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Table A1.1. Carbon Emissions Cap and Number of Covered Companies in the Starting Year for 

Seven Pilots 

Pilot 
Province/City 

Carbon emissions cap 

(million tons/year） 

Number of covered 
companies 

Proportion of allowance 
in total emissions 

Beijing 70 490 40.0% 

Shanghai 510 191 57.0% 

Guangdong 350 202 58.0% 

Shenzhen 30 635 40.0% 

Tianjin 150 114 60.0% 

Hubei 120 138 35.9% 

Chongqing 100 242 39.5% 

Source: Carbon Emissions Allowance Management Rules (Interim) published by the local government 
in each pilot region. 

 
Assessment of PRC’s Seven Emissions Trading Pilots  
 
Political feasibility  
 
Establishing the legal basis of an ETS is an important prerequisite for successful 
implementation. The legal documents listed in Table A1.2 carry different legal weight: some 
are resolutions passed by the local People's Congress Standing Committee, while others are 
government orders. Compared to the carbon tax, an ETS has had less political obstacles in 
terms of legislation. 
 

Table A1.2. Legislative Basis of Seven Emissions Trading Scheme Pilots 

Pilot Province/City Legal Document 

Beijing Resolution on Beijing to Carry out Carbon Trade Pilot under the Premise of Strictly 
Controlling Total Carbon Emissions (Beijing Municipal People's Congress Standing 
Committee) (31 December 2013) 

Shanghai Shanghai Carbon Emissions Management Interim Guidelines (Shanghai Municipal 
People's Government Order No. 10) (18 November 2013) 

Guangdong Guangdong Province Carbon Emissions Management Interim Guidelines 
(Guangdong Provincial People's Government Order No. 197) (15 January 2014) 

Shenzhen Regulation on Carbon Emissions Management for the Shenzhen Special 
Economic Zone (Shenzhen Municipal People's Congress) (30 December 2012) 

Tianjin Notice on Issuing the Interim Measures on Carbon Emissions Trade in Tianjin 
(General Office of Tianjin Municipal People's Government) (21 May 2013) 

Hubei Hubei Province Carbon Emissions and Trade Management Interim Measures 
(Hubei Provincial Government Order No. 371) (25 April 2014) 

Chongqing Chongqing Carbon Emissions and Trade Management Interim Measures 
(Chongqing Municipal People's Government 41st Executive Meeting) (27 March 
2014) 
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Sources: All from local municipal government websites.1 

 

Market performance 
 
The effectiveness of emissions trading pilots relies not only on institutional design, but also on 
the actualities of policy implementation. The intermediate effects of the carbon trading policy 
can be observed through the market performance of the seven ETS pilots. This study selected 
carbon price and trading volume to evaluate market performance of the seven pilots (Table 
A1.3).  
 
 

Table A1.3. Trading Indicators of the Seven Emissions Trading Scheme Pilots 

Pilot 

Province/City 

Starting 

date 

Active 

ratio1 

Average trading 

price (CNY/ton of 

CO2) 

Average trading 

volume (ton/day) 

Share of 

total volume 

Shenzhen 19 Jun 2013 90% 47 18,604 16% 

Beijing 28 Nov 2013 69% 50 7,869 6% 

Shanghai 19 Dec 2013 63% 25 11,819 9% 

Guangdong 19 Dec 2013 71% 26 34,399 26% 

Tianjin 26 Dec 2013 52% 22 3,450 3% 

Hubei 2 Apr 2014 96% 21 50,163 35% 

Chongqing 16 Jun 2014 18% 20 6,644 5% 

Average … 66% 30 18,992 … 

Note: Active ratio refers to the number of days that have trading volume divided by the total number of 

trading days. Source: China Carbon Trading Platform. http://k.tanjiaoyi.com/ (accessed on 30 June 

2017). 

 
Carbon price: 
 
On the whole, price fluctuations were observed to be normal in most ETS pilots. Overall, the 
price fluctuated wildly in 2013; later, price fluctuations were smaller. In the early stage of the 
ETS, there was only one pilot project (Shenzhen ETS). With the subsequent launching of other 
ETS pilots, the price fluctuations moderated (Figure A1.1).  

                                                

1Beijing: http://www.bjrd.gov.cn/zdgz/zyfb/jyjd/201312/t20131230_124249.html;  
Shanghai: http://www.shanghai.gov.cn/nw2/nw2314/nw2319/nw2407/nw31294/u26aw37414.html;  
Guangdong: http://zwgk.gd.gov.cn/006939748/201401/t20140117_462131.html;  
Shenzhen: http://www.sz.gov.cn/zfgb/2013/gb817/201301/t20130110_2099860.htm;  
Tianjin: http://qhs.ndrc.gov.cn/qjfzjz/201312/t20131231_697047.html;  
Hubei: http://fgw.hubei.gov.cn/ywcs2016/qhc/zg_gzdt/bgs_wbwj/201404/t20140425_76918.shtml;  
Chongqing: http://www.cq.gov.cn/publicinfo/web/views/Show!detail.action?sid=3874934 
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Figure A1.1. Historical Trend of Carbon Prices in the Seven Emissions Trading Scheme Pilots 

 

Source: China Carbon Trading Platform. http://k.tanjiaoyi.com/ (accessed on 30 June 2017). 

 

Price differences are obvious among the seven ETS pilots. The overall average price in the 
review period (June 2013 to June 2017) was CNY30 per ton. The average price was CNY50 
per ton in Beijing, which ranks the highest, followed by Shenzhen with CNY47 per ton. The 
average price in Chongqing in June 2017 was CNY20 per ton, which ranks the lowest. Among 
the seven ETS pilots, prices fluctuated the most in Tianjin and Shenzhen, while price 
movements in the Hubei ETS were relatively small (Figure A1.2).  
 
For all seven pilots, the carbon price showed a seasonal fluctuation; when approaching the 
compliance deadline2 (mainly in June or July of each year), the carbon price always rose. 
Although price fluctuations are common in the early stage of ETSs globally, excessive price 
fluctuations are not conducive to reflecting the actual cost of carbon emissions. They create 
huge risks for market participants and uncertainty for the covered companies. 
 
Carbon trading volume: 
 
Low trading volumes seem to be a big challenge for the PRC’s carbon market. There is little 
or even no trading volume on most days. However, the trading volume of each ETS pilot 
increased sharply before its respective compliance period (Figure A1.3). 
  

                                                

2 When approaching the compliance deadline, all participants must ensure that they have followed the 
procedural steps or they may get a penalty. 
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Figure A1.2. Peak Price, Average Price, and Lowest Price of the Seven Emissions Trading 

Scheme Pilots 

 

Source: Authors’ calculations based on data from China Carbon Trading Platform. 

http://k.tanjiaoyi.com/ (accessed on 30 June 2017). 

 

Figure A1.3. Historical Trend of Trading Volumes in the Seven Emissions Trading Scheme 

Pilots 

 

Source: Authors’ calculations based on data from China Carbon Trading Platform. 

http://k.tanjiaoyi.com/ (accessed on 30 June 2017). 
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Although the overall size of the PRC's seven pilot carbon markets is substantial, companies 
were not enthusiastic in participating in carbon trading. It can be analysed from the ratio of 
cumulative trading volumes to carbon emissions cap. Zhao et al. (2016) depicted this 
phenomenon: for the Shenzhen ETS, the cumulative trading volume only accounted for 5.6% 
of the carbon emissions cap, which is the highest among the seven ETS pilots. In the other 
six pilots, the ratios were 4.9% in Hubei, 3% in Beijing, 2% in Shanghai, and less than 1% in 
each of the other three pilot locations. The total cumulative trading volume of the seven ETS 
pilots only accounted for 1.4% of the total carbon emissions cap. Thus, the ratio is rather low 
and most of the allowances have not been traded.  
 
Among the seven pilots, the Hubei, Guangdong, and Shenzhen ETSs had the most active 
trading. By 30 June 2017, cumulative nationwide trading volume was 114.6 million tons, 
among which the cumulative trading volume of the Hubei ETS was 40.4 million tons, or about 
35% of the total. The Guangdong and Shenzhen ETSs also had larger trading volumes than 
any of the Beijing, Shanghai, Chongqing, or Tianjin ETSs (Figure A1.4). At the same time, 
Tianjin and Chongqing seem to be far behind the average level, reflected by fairly low market 
liquidity in the two places. 
 

Figure A1.4. Trading Volume Shares of the Seven Emissions Trading Scheme Pilots 

 

Source: Authors’ calculations based on data from China Carbon Trading Platform. 

http://k.tanjiaoyi.com/ (data from 19th June 2013 to 30th June 2017). 

http://k.tanjiaoyi.com/
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Carbon mitigation effect 
 
Here, we use the synthetic control method to estimate the effect in settings where a single unit 
(e.g., state, country, or firm) is exposed to an event or intervention. This method was first 
introduced and implemented in Abadie and Gardeazabal (2003).  
 
The study of Abadie, Diamond, and Hainmueller (2011) describes the synthetic control 

method. Suppose 𝑌𝑖𝑡
𝑁 is the outcome that would be observed for region 𝑖 at time t without the 

policy intervention (𝑖 = 1,2, … , 𝐽 + 1, and 𝑡 = 1,2, … , 𝑇). Let 𝑇0 be the number of preintervention 

periods, assuming 1 < 𝑇0 < 𝑇. Let 𝑌𝑖𝑡
𝐼  be the outcome that would be observed for region 𝑖 at 

time t in the presence of the policy intervention (𝑡 ∈ [𝑇0 + 1, 𝑇]). We assume that the 

intervention has no effects on the outcome before 𝑇0. Let 𝛼𝑖𝑡 = 𝑌𝑖𝑡
𝐼 − 𝑌𝑖𝑡

𝑁 represent the effect 

of the intervention for unit i at time t, and let 𝐷𝑖𝑡 be an indicator that takes the value one if unit 
i is exposed to the intervention at time 𝑡 and zero otherwise. The observed outcome for unit i 
at time t is: 

   𝑌𝑖𝑡 = 𝑌𝑖𝑡
𝑁 + 𝐷𝑖𝑡𝛼𝑖𝑡          (1) 

 

Since 𝑌𝑖𝑡
𝐼  is observed, to estimate the treatment effect 𝛼1𝑡 we just need to estimate 𝑌1𝑡

𝑁.   

 

Suppose that 𝑌𝑖𝑡
𝑁 is given by a factor model:  

𝑌𝑖𝑡
𝑁 = 𝜕𝑡 + 𝜽𝒕𝒁𝒊 + 𝝀𝒕𝝁𝒊 + 𝜀𝑖𝑡          (2) 

where 𝑍𝑖 is an (𝑟 × 1) vector of observed covariates (that are unaffected by the intervention), 
𝜕𝑡 is an unknown common factor with constant factor loading across units, 𝜆𝑡 is a (1 × 𝐹) vector 
of unknown parameters, 𝜇𝑖 is an (F× 1) vector of unobserved factor loadings, and the error 

term 𝜀𝑖𝑡 is unobserved transitory shocks at the regional level with zero mean.  
 
Let (J× 1) be a vector of weights 𝑊∗ = (𝑤2

∗, ⋯ , 𝑤𝑗+1
∗ ) such that 𝑊𝐽 ≥ 0 for 𝑗 = 2, … , 𝐽 + 1 and 

𝑤2 + ⋯ + 𝑤𝐽+1 = 1. Each element of the vector 𝑊∗ denotes a potential synthetic control, which 

corresponds to a particular weighted average of control regions. The value of the outcome 
variable for each synthetic control indexed by 𝑊∗ can be expressed as: 

∑ 𝑤𝑗𝑌𝑖𝑡 = 𝜕𝑡 + 𝜃𝑡
𝐽+1
𝑗=2 ∑ 𝑤𝑗𝑍𝑗 + 𝜆𝑡

𝐽+1
𝑗=2 ∑ 𝑤𝑗𝜇𝑖 + ∑ 𝑤𝑗𝜀𝑖𝑡                           

𝐽+1
𝑗=2

𝐽+1
𝑗=2      (3) 

 

Abadie, Diamond, and Hainmueller (2011) proved that, ∑ 𝑤𝑗
∗𝑌𝑗𝑡

𝐽+1
𝑗=2  is an unbiased estimator of 

𝑌𝑖𝑡
𝑁, where 𝑇0 < 𝑡 ≤ 𝑇. This suggests that 𝛼1𝑡 = 𝑌𝑖𝑡 − ∑ 𝑤𝑗

∗𝑌𝑗𝑡
𝐽+1
𝑗=2  is an unbiased estimator 

of 𝛼1𝑡. 
 
We will take Hubei as an example. We construct the synthetic Hubei as a weighted average 
of potential control provinces (all provinces without the ETS, which therefore exclude Beijing, 
Chongqing, Guangdong, Shanghai and Tianjin), with weights chosen so that the resulting 
synthetic Hubei best reproduces the values of a set of predictors of CO2 emissions in Hubei 
before the carbon trading system was implemented (i.e., before 2013). Finally, our donor pool 
consists of 24 provinces which do not have ETS pilots. Then, we estimate the mitigation effect 
of carbon trading pilots as the difference in CO2 emissions between Hubei and its synthetic 
version after 2013. 
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The outcome variable of interest is annual CO2 emissions, calculated based on energy 
consumption at the provincial level. We use annual provincial-level data of energy 
consumption for all sectors during the 1995–2015 period from the China Statistical Yearbook 
(NBSC, 2016). Based on the received method  proposed by the Intergovernmental Panel on 
Climate Change, we calculate annual CO2 emissions for all provinces in the PRC. The 
calculation function is: 
𝐶𝐸𝑖𝑗 = 𝐴𝐷𝑖𝑗

′ × 𝑁𝐶𝑉𝑗 × 𝐸𝐹𝑗 × 𝑂𝑖𝑗 , 𝑖 ∈ [1,47], 𝑗 ∈ [1,20]       (4) 

 
In equation 4, 𝐶𝐸𝑖𝑗 represents the carbon emissions of different sectors and energy types; 

𝐴𝐷𝑖𝑗
′  represents the adjusted energy consumption; 𝑁𝐶𝑉𝑗 represents the net calorific value of 

different energy types; 𝐸𝐹𝑗 refers to the emission factors; and 𝑂𝑖𝑗 refers to the oxygenation 

efficiency of different sectors and energy types. 
 
Since the seven pilots came into effect in late 2013, we regard 2013 as the post-intervention 
period and the previous 17 years as the pre-intervention period. According to Auffhammer and 
Carson (2008), we choose our predictors of CO2 emissions: GDP per capita and share of 
secondary industry in total GDP. The data source is the China Statistical Yearbook (NBSC, 
2016). 
 
The results are displayed in Table A1.4, which compares the pretreatment characteristics of 
the actual Hubei with that of the synthetic Hubei, as well as comparisons for the other five 
pilots3.  
 

Table A1.4. Social and Economic Characteristics of Actual and Synthetic Emissions Trading 

Scheme Pilots 

Pilot 

Province/City   

Gross domestic product per 

capita (CNY) 

Share of secondary industry in 

total GDP (%) 

Hubei (real) 13,703.1 42.6 

Hubei (synthetic) 13,746.8 42.8 

Beijing (real) 42,862.0 29.9 

Beijing (synthetic) 17,454.5 33.5 

Shanghai (real) 47,094.2 46.5 

Shanghai (synthetic) 21,964.8 50.4 

Tianjin (real) 37,534.3 52.8 

Tianjin (synthetic) 14,944.7 48.9 

Chongqing (real) 13,678.4 44.2 

Chongqing (synthetic) 13,286.3 44.3 

Guangdong (real) 24,596.6 48.4 

                                                

3 Shenzhen is a city in Guangzhou Province. The provincial statistics Guangdong already includes 
information for Shenzhen. For this reason we merge Shenzhen into Guangdong in our synthetic 
control exercise and total number of pilots become six. 
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Guangdong (synthetic) 24,505.5 49.0 

Source: Authors’ calculations.  

 
Because social and economic characteristics vary substantially across provinces, different 
synthetic results emerge. Generally, the closer to the average level of the whole country, the 
better the synthetic result is. For example, Hubei, Guangdong, and Tianjin have a better 
synthetic result than Shanghai, Beijing, and Chongqing. 
 
Figure A1.5 plots the trends in CO2 emissions in Hubei and the synthetic Hubei. Since 2013, 
CO2 emissions in Hubei and synthetic Hubei have differed notably, indicating Hubei reduced 
CO2 emissions by about 59.5 million tons in 2015 due to the carbon trading scheme.  
 
Figure A1.6 shows that, before 2013, the synthetic data fit the actual data quite well for 
Guangdong. After 2013, the gap between the CO2 emissions of Guangdong and that of the 
synthetic Guangdong emerges, which shows a deviation from the synthetic data. Guangdong 
(including Shenzhen) reduced CO2 emissions by 37.1 million tons in 2015. 
 
From the perspective of trading indictors, Hubei and Guangdong (including Shenzhen) had 
more active trading than the other five pilots. The synthetic results support our expectation 
that more trading volume results in more emissions reduction. 
 
Figure A1.7 plots the trends in CO2 emissions in Tianjin and the synthetic Tianjin. Since 2013, 
CO2 emissions in Tianjin seemed to have outpaced those in synthetic Tianjin. The result is 
expected given the lack of liquidity in the Tianjin trading market. 
 
However, due to the bad synthetic results before 2013 for Beijing, Chongqing, and Shanghai, 
we cannot currently provide a reasonable evaluation on their mitigation performances and are 
still searching for a better synthetic control strategy for these three municipalities.  
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Figure A1.5. CO2 Emissions in Hubei vs. Synthetic Hubei 

 

Source: Both actual emissions and synthetic emissions are authors’ estimates based on data from the 

China Statistical Yearbook (NBSC, 2016). 

 

Figure A1.6. CO2 Emissions in Guangdong vs. Synthetic Guangdong 

 

Source: Both actual emissions and synthetic emissions are authors’ estimates based on data from the 

China Statistical Yearbook (NBSC, 2016). 
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Figure A1.7. CO2 Emissions in Tianjin vs. Synthetic Tianjin 

 

Source: Both actual emissions and synthetic emissions are authors’ estimates based on data from the 

China Statistical Yearbook (NBSC, 2016). 

 
Conclusions  
 
Lessons  
 
Based on our analyses, we find: 
 
The seven pilot ETSs have had different emissions reduction achievements. Hubei stands out 
in many aspects. Based on our synthetic result, Hubei reduced emissions by 59.5 million tons 
in 2015 through its carbon trading scheme. Guangdong (including Shenzhen) also performed 
reasonably well, reducing emissions by 37.1 million tons in 2015. On the other hand, Tianjin 
did not notably reduce its carbon emissions.  
 
However, much concern remains because the low trading volume of the seven carbon markets 
shows that it is not liquid enough to be well functioning. The sharp increase of trading volume 
before the compliance period shows that the covered companies are unenthusiastic and take 
ETS as a routine to deal with government inspection. It is partly because of policy uncertainty 
at the pilot period of ETS, so it is difficult for covered companies to stay cautious. In addition, 
during the pilot period, covered companies are also pressured by other existing energy 
conservation policies (e.g. energy saving targets), so ETS may not substantially influence 
companies’ behavior.  
 
For companies, their awareness and participation in the carbon market are still relatively low. 
The high trade volumes in the month before the compliance period shows that companies still 
treat carbon emissions trading as a means of compliance rather than an investment approach. 
Because the PRC’s carbon market is still in an early stage of development, companies’ view 
on carbon asset values will evolve with the development and maturing of the carbon market. 
At the same time, prohibition on cross-provincial trade reduces the attractiveness of the carbon 
market to investors, especially institutional investors. 
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Suggestions 
 
From the experiences of the seven pilots, we also find some space for improvement of pilots: 
The expansion of coverage of ETS is necessary. For now, most sectors covered by ETS are 
energy-intensive, such as petroleum processing, electricity power, and the steel industry. 
However, for Beijing, Shanghai, and Shenzhen where energy-intensive sectors account for a 
low share, it is difficult to see an active market with limited coverage. In these three pilots, 
however, the transport sector accounts for a large share of total emissions. According to the 
China Emissions Exchange (2014), the transport sector accounted for 27.9% of the 
Shenzhen’s total emissions in 2010. Including the transport sector in the nationwide ETS is 
sensible.  
 
Multiple products should be considered to activate the ETS system. The pilots all use the 
single spot product, which may limit the liquidity of the carbon market. On the contrary, for the 
EU ETS, forward trading has accounted for 80 to 90% of the shares traded, while spot trading 
for only 10% (Aatola, Ollikainen, & Toppinen, 2013). We suggest that authorities investigate 
the possibility to permit necessary derivative products in the carbon trading market. Both 
Shanghai and Shenzhen have a stock exchange with an advantage in promoting financial 
innovation compared to other pilots. These two cities should seize the chance to become the 
largest carbon futures exchange centers in the world. 
 
Improving market transparency is the foundation to releasing market signals. Not all pilots 
clearly post information about each covered company. At the same time, although the carbon 
price and trading volume for each day are posted online, we find it difficult to know the exact 
trading parties. Improving market transparency helps enhance the efficacy of the system. In 
addition, the PRC began implementing environmental taxes on 1 January 2018. The joint 
effects of the taxation system and carbon trading schemes on domestic pollution and carbon 
emissions warrant close monitoring and assessment. Analysis of the joint effects will shed 
light on needed policy changes and the nation’s prospects in the battle against pollution and 
climate change. 
 
Potential and opportunities  
 
The PRC’s carbon trading program officially went nationwide at the end of 2017. There are 
two main differences between the nationwide market and the former seven pilot markets. 
Supervising authority has shifted from the NDRC to the newly formulated Ministry of Ecology 
and Environment. The other difference is that the nationwide market currently only covers the 
power sector (1,700 electric powering firms are covered), a strategy based on two reasons. 
One is that power sector is typically an energy-intensive sector and accounts for a large share 
of the nation’s CO2 emissions. The other belief is that the power sector has detailed energy 
input and emissions statistics, which are the foundation for reliable mitigation evaluation. If 
this “sector” pilot goes smoothly, the central decision-maker intends to include more sectors 
in the nationwide market.  
 
Intuitively, because the nationwide market covers many more regions, it has a larger cap and 
is inherently superior to any other regional carbon markets.4 It can be expected to be a much 
more liquid market due to the absence of prohibition on cross-provincial trade in the pilot 
period. Also, considering that the seven pilots are all developed regions that have a lower 

                                                

4 Please see the study of Duan et al. (2018) for a detailed analysis of the cross-region differences in 
carbon abatement costs in the PRC, which offers insights into the potential of cross-region emissions 
trading.  
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share of second industry of total GDP, the nationwide market now has more regions that have 
a “heavy” industry structure, the mitigation effect may be more obvious. 
 
Focusing on the power sector at the initial stage is beneficial for the nationwide market to go 
smoothly. On the one hand, targeting the power sector is efficient since it is a main CO2 emitter 
among all sectors. On the other hand, they have a better data foundation, which is helpful for 
government to reasonably allocate emissions permits and evaluate mitigation effects. Also, 
most covered power firms are large state-owned enterprises. This characteristic may facilitate 
a better understanding of policies for firms. These characteristics of the power sector all 
increase the likelihood of a more liquid, efficient carbon market.    
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Case Study 2. Singapore Congestion Charge 

Country: Singapore 

Region: Southeast Asia 

Sector: Air 

Problem: Air Pollution from Transport 

Instrument: Taxes, fees and charges 

Brief Overview:  
 
Singapore is one of the most densely populated countries in the world and with an increasing 
number of vehicles, severe traffic congestion problems have emerged. With the aim of 
reducing traffic congestion in the Central Business District (CBD), Singapore implemented the 
Area Licensing Scheme (ALS) in 1975, which was the first of its kind in the world. By requiring 
motorists to purchase a license to enter the CBD during peak hours, the ALS substantially 
reduced congestion. However, the scheme became too cumbersome and was therefore 
updated to a fully automated Electronic Road Pricing (ERP) scheme in 1998. The main 
differences between the two schemes are that the ERP monitors motorists electronically and 
that it charges motorists per trip rather than per day. This makes the scheme less labour-
intensive and more flexible in terms of differentiating the charges based on congestion levels. 

 

Background information 
 
Singapore is a small city-state with a land area of about 719 square kilometers and a 
population of about 5.6 million people, making it one of the most densely populated countries 
in the world (World Bank, 2018). Since its independence in 1965, Singapore has focused on 
making the public transportation system effective, reliable, and attractive (Energy Foundation, 
2014). However, with an increasing middle-class population, there has been an increasing 
number of people aspiring to be vehicle owners, which has resulted in severe traffic congestion 
problems. Developing a transportation strategy that takes this into account has, therefore, 
been important for Singapore. Road pricing as a way of managing rising travel demand has 
been an essential component, in addition to other measures limiting the vehicle population 
(Energy Foundation, 2014). Before 1995, the road and public transport systems were 
managed separately between the Ministry of Communications (covering transport policies) 
and the Mass Rapid Transit Corporation and the Ministry of National Development (covering 
roads and transportation). In 1995, most land transport functions were brought together under 
the Land Transport Authority (LTA), which has the mission to ‘provide Singaporeans with a 
world class transport system’ (May, 2004). Today, Singapore’s road traffic is less congested 
and better organized in comparison with other similar cities, which can be attributed to the 
many traffic congestion control measures that have been implemented (Wang et al., 2017).  
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Figure A2.1. The development of the vehicle population (including private cars and company 

cars) over time. 

 

Source: Singapore Department of Statistics (2018a). 

 
As shown in Figure A2.1, the vehicle fleet (of private and company cars) in Singapore doubled 
between 1961 and 1970. Since Singapore is a small city-state with limited land area, this 
resulted in substantial congestion problems, especially in the Central Business District (CBD) 
(Seik, 2000; Wang et al., 2017). In the 1970s, Singapore therefore implemented several 
measures to manage the increasing number of vehicles by, for instance, implementing vehicle 
taxes, fuel taxes, increased registration fees, and parking charges (Goh, 2002). However, 
because the economy grew by about 8% in the 1970s, these measures did not sufficiently 
reduce the demand for vehicles. In 1990, with the aim of further limiting the increasing number 
of vehicle registrations, Singapore implemented a vehicle quota system in which vehicle 
buyers were required to bid in an auction for a certificate of entitlement in order to be allowed 
to purchase a new vehicle (Goh, 2002). The scheme was designed to limit the growth in 
vehicle ownership, and, with a limited supply of vehicles available for purchase, vehicle prices 
increased substantially. The government reduced the number of certificates each month and 
the scheme resulted in 41,000 fewer registered vehicles between 1990 and 1993 (Goh, 2002). 
Furthermore, the government has reduced the allowable annual growth rate of the vehicle 
fleet from 3 percent in 1990 to 0.5 percent in 2013 and 0.25 percent in 2015 (Wang et al., 
2017). The vehicle taxes and the certificate of entitlement contribute to a very high cost of 
owning a car in Singapore. For example, a certificate of entitlement to own a car for 10  years 
may cost up to S$90,000 (about US$65,000) (Singapore Department of Statistics, 2018d). 
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Figure A2.2: Map of Singapore and the Central Business District 

 

Source: Goh (2002).  

Limiting vehicle ownership is, however, an indirect way of managing congestion problems. A 
more direct way is to target vehicle usage. Thus, a more drastic measure was taken in 1975 
when Singapore introduced a road pricing scheme referred to as the Area Licensing Scheme 
(ALS), which was the first of its kind in the world (Lee & Palliyani, 2017). The main purpose of 
the ALS was to reduce traffic congestion and to increase the average speed in the CBD area. 
The scheme was paper-based and drivers were required to purchase a license that had to be 
displayed in the windscreen in order to access the CBD during peak hours (Santos, 2005). 
The charge per day was about US$0.70 for motorcycles, US$2.1 for private cars, and US$4.1 
for buses (Wang et al., 2017). It was also possible to purchase monthly permits for any type 
of vehicle, for which the charge was 20 times the daily rate (Yuen, 1998). In 1994, the 
operating hours of the scheme were expanded to the whole day and, in 1995, three arterial 
roads were included (Wang et al., 2017). The scheme was manually enforced and the licenses 
were checked by enforcement agents at the entrance points of the restricted zone (May, 
2004). Vehicles that did not display a valid license were issued a fine of about US$42 (Phang 
& Toh, 1997). 
 
The ALS operating hours underwent a number of changes and extensions. The operating 
hours were initially between 7:30 a.m. and 9:30 a.m. Monday through Saturday, but were later 
updated several times. During the last years of the scheme, between 1990 and 1998, the 
operating hours were between 7:30 a.m. and 10:15 a.m. and between 4:30 a.m. and 6:30 p.m. 
Monday through Saturday. Several types of licenses were also introduced over the years, 
such as whole-day licenses, part-day licenses, and monthly licenses (Phang & Toh, 1997).  
 
The ALS scheme initially reduced the traffic entering the zone by 44 percent and the average 
travel speeds increased from 17 km/h to 34 km/h (11 mph to 21 mph) (Pike, 2010). The effect 
was also strong over time, with traffic levels in 1988 remaining 31 percent below original levels, 
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despite increased employment and vehicle ownership (Pike, 2010). Furthermore, bus 
ridership increased by about 20 percent between 1975 and 1988 (Pike, 2010). Although the 
ALS was effective in reducing congestion at a relatively low operating cost, there were several 
shortcomings with the scheme. For instance, it was labor-intensive since it required 
enforcement agents at every entry point; it was inflexible since it had limited ability to 
differentiate the charges based on congestion levels; and congestion often occurred just 
before and after the restricted hours (Santos, 2005). Despite these shortcomings, the 
effectiveness was high, which was the main reason the government developed the ALS and 
then replaced it with the Electronic Road Pricing Scheme (ERP) in 1998 (Goh, 2002). 

 
The Electronic Road Pricing Scheme  
 
In 1998, Singapore implemented the ERP with the purpose of reaching a desirable travel 
speed and improving the flow of vehicles in the CBD area (Lee & Palliyani, 2017). The 
implementation of the new scheme was intended to correct the inflexibility of the previous 
scheme. In order for the previous scheme to control congestion, a greater variation of charges 
over the time of day and between locations would have been needed. However, to achieve a 
greater variation of charges, more types of licenses would have been required and, with a 
paper-based scheme, it would have been impossible to implement, since it would have been 
too complicated to monitor and too difficult for drivers to understand (May, 2004). Hence, with 
an electronic road pricing scheme, achieving greater flexibility was possible without making 
the scheme too complicated.  
 
The ERP scheme is aimed at controlling the flow of inbound traffic into the CBD area by 
electronically monitoring and tracking vehicles entering it (Goh, 2002). To make this work, 
Singapore implemented electronic gantries encircling the CBD and 97 percent of the country’s 
vehicle fleet were fitted with dashboard-mounted devices, referred to as In-vehicle Units (IUs). 
The IUs were initially installed free of charge, but later had to be purchased (Pike, 2010). 
Drivers must insert a prepaid card into the IU, from which charges are deducted as their 
vehicles pass under the overhead gantries along the road. The ERP charges vary by location 
of the gantry, time of day, and the vehicle type, which makes it possible to relate the charge 
to the actual congestion level (Olszewski & Xie, 2005). The charge is calculated based on the 
“passenger car unit (pcu) equivalent,” where, for instance, a passenger vehicle is 1 pcu, a 
motorcycle is 0.5 pcu, and a bus is 2 pcus. Hence, if the current charge per pcu is US$1, a 
bus must pay US$2 (Christainsen, 2006). The charges vary from US$0-8.4 depending on the 
vehicle type, time, and location (Wang et al., 2017).  If vehicles pass several gantries, a charge 
is paid at each gantry (and there is no maximum payment per day). Hence, the ERP imposes 
a demand-sensitive congestion charge without requiring vehicles to slow down. There are also 
cameras installed on the gantries that record the license plate numbers of passing vehicles. If 
a vehicle passes the gantry without an IU or sufficient amount of money on the card, the 
cameras will take a photograph of the license plate in order for the traffic police to issue a fine 
(Goh, 2002). The fine consists of the congestion charge plus an administrative fee of about 
US$7, and it must be paid within two weeks, otherwise a penalty of about US$48 will be issued 
(Wang et al., 2017). Foreign vehicles entering the CBD area in Singapore have three 
alternatives: they can purchase or rent an IU at the border to Singapore; they can pay a fixed 
daily congestion fee (of about US$3.5); or they can drive, be flagged as a violator, and pay a 
fine at the border when they leave the country (Christainsen, 2006; Wang et al., 2017). 
 
When the ERP scheme was implemented, Singapore chose between passive and active 
electronic pricing. In a passive road pricing scheme, drivers are billed when the vehicle is 
identified at a control point. However, when drivers just have to pay a monthly bill, there is a 
risk that they will not pay attention to the specific charges involved. With an active scheme, 
drivers are charged immediately when they pass a control point and can see the amount 
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subtracted on their IU. Hence, drivers are constantly reminded that they are paying for entering 
certain zones. This is believed to result in greater price elasticities of demand (Christainsen, 
2006). Each time the driver is charged, the IU beeps; when the balance on the prepaid card 
is low, the IU beeps several times in order to warn the driver that it is time to refill the card 
(Christainsen, 2006). Compared to the previous, also very successful, road pricing scheme 
(the ALS), the ERP scheme has made it possible to reduce charges significantly, without 
losing the effectiveness of the system. The main explanation is the change from a passive 
(daily charge) to an active (charge per entry) system. Hence, even though the charges are 
lower, drivers have, to a greater extent, reduced the number of entries and rescheduled their 
activities based on the different charges over the day (May, 2004). 
 
Charges were initially set for half-hour periods. However, this created problems since drivers 
who were about to pass a gantry just before a new reduced half-hour charge would pull over 
to the side of the road and wait until the lower charge was applied. To avoid such spikes just 
before and after charging periods, Singapore solved this by gradually changing the charge 
five minutes before and after every half-hour charge, which helped with smoothing out traffic 
volumes (Christainsen, 2006). Moreover, the charges are adjusted on a quarterly basis in 
order to ensure that the desired travel speeds are reached, which means maximizing the 
number of vehicles that can travel on the road. When the travel speeds are low, which 
indicates congestion, the charge is increased; when the travel speeds are higher, the charge 
is reduced (Seik, 2000). In Singapore, the optimal average traffic speed on expressways is 
between 45 km/h and 65 km/h (28 mph to 40 mph) and, on other roads, it is between 20 km/h 
and 30 km/h (12 mph to 19 mph) (Christainsen, 2006). If the speeds exceed the upper limit, 
the charge is reduced by US$0.50 for that half-hour (for 1 pcu) and if the speeds are below 
the lower limit, the charge is increased by US$0.50 (for 1 pcu) (Energy Foundation, 2014). 
 
The operating hours of the ERP for the CBD area are between 8 and 10 a.m. and between 
noon and 8:00 p.m. Monday through Friday. On Saturdays, the operating hours are between 
12:30 p.m. and 8:00 p.m. In other areas, outside of the CBD area, the operating hours are 
shorter, between 7:30 a.m. and 9:30 a.m. (Wang et al., 2017).  

 
Assessment of the case based on its: 
 
Informational requirement 
 
When implementing a congestion charge, there are several aspects of the system design that 
need to be considered in order for the scheme to be efficient and effective, and to work as 
intended. Traffic patterns and the geography of the city and roads need to be investigated in 
order to learn where the payment gantries should be placed and how the charge should vary 
over the day and week. Placing the gantries appropriately is important to ensure that the 
congestion charge targets areas where congestion reduction will benefit the area (Pike, 2010). 
The technical design of how vehicles will be detected and charged are also important aspects.  
Estimating the appropriate charge level can be challenging and requires information about the 
optimal traffic volume and the elasticities of demand for road use. The optimal traffic volume 
in Singapore has been estimated to be at the level that results in average speeds that 
maximize the number of vehicles on the road. To achieve this level, Singapore needed 
information about the elasticities of demand for road use. It was initially estimated that the 
elasticity values for entering the CBD between 7:30 a.m. and 9:30 a.m. varied between -0.12 
and -0.35 (the elasticity values were estimated by measuring the traffic volume before and 
after price changes) (Christainsen, 2006). Hence, a percentage increase in the congestion 
charge level is expected to reduce demand for road use between -0.12 and -0.35 percent. It 
was also estimated that the elasticities would change over time as road users became more 
familiar with the system. In 2014, the elasticity values were estimated to vary between zero 
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and -0.42 (Energy Foundation, 2014). To be able to maintain appropriate charge levels despite 
changing elasticities of demand, Singapore evaluates the travel speeds on a quarterly basis 
and adjusts them accordingly.  
 
Regulatory burden 
 
The ERP scheme has performed almost flawlessly, with billing errors occurring in less than 
0.05 percent of all transactions (Christainsen, 2006). Furthermore, more than 98 percent of all 
vehicles are detected and charged when they pass through the gantries. The remaining two 
percent of passing vehicles are, however, not detected, which can be due to drivers tampering 
with their IUs (Wang et al., 2017). Although there are, on average, more than 3.5 million 
transactions occurring every day, the administrative burden is relatively low. Furthermore, 
compared to the previous paper-based scheme (the ALS), the transaction costs have been 
reduced significantly and efficiency has been improved (Christainsen, 2006). The difference 
in cost between the two schemes is that the ALS had a relatively low initial investment cost 
(about US$0.35 million), but a high annual operating cost (about US$12 million), while the 
ERP had a high initial investment cost (about US$138 million), but a low annual operating cost 
(about US$6 million) (Seik, 2000). An important part of the regulatory burden is the adjustment 
of the charges every quarter, which requires analyses of the travel outcomes each quarter 
(Energy Foundation, 2014). 
 
How the generated revenues from the congestion charge are spent is also an important part 
of the regulatory burden. In order to maintain the public’s acceptance of the scheme, the 
authorities should be transparent about where the money is spent. A good example in 
Singapore is the investment in public transportation, which is transparent in that people are 
able to experience improvements; it also enhances behavioral change by giving people an 
improved alternative transportation mode (Van Amelsfort & Swedish, 2015). 
 
Singapore is planning to replace the current ERP scheme with a new Global Navigation 
Satellite System (GNSS)-based ERP scheme in 2020. This will allow more flexibility in 
managing traffic congestion and reduce the costs for maintaining the gantries (Land Transport 
Authority, 2017). 
 
Political feasibility 
 
There are some possible concerns that have to be considered when implementing a 
congestion charge. According to Van Amelsfort and Swedish (2015), the most common 
arguments against a congestion charge are that it is unfair, harms the privacy of citizens, will 
not achieve the intended effects, and will damage the economy. The first argument refers to 
the concern that some people (mainly low-income groups) may be affected by the charge 
more than others (mainly high-income groups) since they pay the same charge. It is possible 
to use the revenues to smooth out such effects by, for instance, using a policy aimed at 
returning part of the congestion charge revenues to lower-income drivers (Santos, 2005).  
 
Because identification of vehicles and individuals is required for enforcement purposes, the 
privacy of citizens is another concern (Van Amelsfort & Swedish, 2015). In Singapore, they 
solved this concern by using the prepaid cash cards and only taking photographs of the license 
plate number when there is a failure of payment.  
 
The concern that the congestion charge will not achieve the intended effects often derives 
from people not having good enough alternatives to car travel. Hence, if people do not have 
sufficient alternatives, they will continue using the car and paying the charge. To reduce the 
risk of this happening, a political consideration is to ensure that there are good enough 
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alternatives (Van Amelsfort & Swedish, 2015). For example, this can be achieved by improving 
public transportation, which Singapore has done in several ways. To make bus trips more 
comfortable, buses have been modernized with air conditioning and lower floors, and shelters 
have been built at bus stops. In 1987, the public transportation was expanded with the Mass 
Rapid Transit (MRT) system, which includes railway lines and a metro network (May, 2004). 
Furthermore, over time, Singapore has increased the capacity of buses and the MRT system 
in peak hours in order to meet the demands of commuters (Wang et al., 2017). According to 
a study evaluating transport systems in major cities around the world, Singapore has the best 
transportation network of all high-density cities due to its high capacity, punctuality, and 
modernized public vehicles (Siemens AG, 2014). 
 
Another political concern is the fear that the congestion charge may harm the local economy 
by imposing costs on both businesses and customers and also may reduce the number of 
customers. However, a well-designed congestion charge may actually affect businesses 
positively since transportation times become more reliable at the same time as public 
transportation is improved (Van Amelsfort & Swedish, 2015; Tsekeris & Voß, 2009). 
Additionally, there is no empirical evidence that congestion charges have harmed the 
economy (Van Amelsfort & Swedish, 2015). 
 
Other important aspects for determining whether a congestion charge is politically feasible are 
whether it is possible to embed it in the legal framework and whether the institutions are strong 
enough to ensure reliable enforcement (Van Amelsfort & Swedish, 2015). In Singapore, most 
land transport functions were brought together under the Land Transport Authority, which has 
made the institutions stronger and facilitated the decision-making process.  
 
To ensure public acceptance and awareness, Singapore has also focused on having good 
communication with the public and other stakeholders about policy implementation. One such 
example is an interactive media wall, which shows the development of Singapore’s transport 
policy over time. Another example is provision of traffic information through billboards and 
other channels. In decision-making processes, the government also involves the public and 
other stakeholders, to receive their opinions in an effort to increase public acceptance and 
avoid disputes (Wang et al., 2017).   
 
Static efficiency 
 
Congestion imposes external costs on all other drivers; in the absence of efficient road pricing, 
road use will be underpriced and cause excessive demand (Santos, 2005). Excessive demand 
for road use results in external costs such as delayed travel times and air pollution. Congestion 
charging is an economic instrument that directly affects the cost of using roads, and external 
costs can be internalized by imposing charges on road users (Seik, 2000). To achieve static 
efficiency, the congestion charge should correspond to the amount necessary to cover the 
costs of one additional vehicle (the marginal cost of a vehicle trip) (Christainsen, 2006). Drivers 
who have a high valuation of making an additional vehicle trip will choose to pay the charge 
and drive as usual, whereas drivers who do not value an additional vehicle trip as much will 
instead change their travel behavior. The changed behavior may include choosing another 
travel time (when the charge is lower), finding another transportation mode, or not making the 
trip at all (Santos, 2005). Hence, when the congestion charge is implemented, drivers have to 
consider the external costs, which increase their travel costs and consequently decrease the 
demand for travel (Van Amelsfort & Swedish, 2015). Compared to a regulation, such as a ban 
on even/odd license plates, a congestion charge will achieve a higher static efficiency since it 
provides travelers with flexibility.  
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According to Phang and Toh (1997), there are four things necessary to achieve allocative 
efficiency. First, the charges need to vary by time, space, and vehicle type in order to better 
reflect the social costs. The ERP scheme is a good example of meeting these criteria. With 
the previous road pricing scheme in Singapore, it was not possible to vary charges by time or 
location, and, since congestion problems vary over different times of the day and by location, 
it did not achieve static efficiency. Second, the information about the charges and how they 
vary needs to be easily available and communicated to the drivers. If the price signals are not 
communicated well enough, drivers will not be able to base their travel decisions on the level 
of the charge, and, thus, the charges may not have the intended effects. Because information 
about charges is easily available to drivers in Singapore, drivers are able to estimate the cost 
of driving before starting a trip; thus, the ERP fulfills this criterion (Santos, 2005). Third, when 
the gantries to the restricted zone are built, it is important to ensure that there are road exits 
connected to them. Otherwise, drivers will not be able to exit the road and will be trapped and 
forced into entering the restricted zone. Although this would likely increase the revenues from 
the road pricing scheme, it will not result in the intended effects. Finally, the charges should 
not be set higher than necessary to achieve efficient road usage. Too high charges will cause 
underutilization of the road, which was the case with the ALS. However, due to better 
information and more flexibility in the ERP system, it has been possible to reduce the charges 
and come closer to optimal usage of the road (Phang & Toh, 1997). 
 
Dynamic efficiency 
 
To achieve dynamic efficiency, the static efficiency criterion should be maintained over time. 
Therefore, when designing a congestion charge, it is important to take into account how factors 
change over time and make sure the congestion charge is able to adjust for such changes. 
For example, people may gradually change their travel times by rescheduling work and other 
activities, which over time may affect when the congestion peak occurs (Tsekeris & Voß, 
2009). Congestion charging can also affect residential choices and work and non-work 
activities. Some areas may be more attractive to live in than others, depending on their 
geographical location in relation to the congestion charge gantries, which, in the long run, may 
result in relocation of residents, jobs, and firms. Furthermore, cities can grow geographically 
and develop new areas for residents and businesses, which also may affect travel patterns 
(Tsekeris & Voß, 2009). As changes over time occur, it is important to evaluate and adjust the 
congestion charge. In Singapore, examples of such adjustments are the quarterly charge 
adjustments and the expansion of the number of gantries. 
 
One of ERP’s complementary policy instruments, the vehicle quota system (where vehicle 
buyers are required to bid in an auction for a certificate of entitlement in order to be allowed 
to purchase a new vehicle), has had a side effect of impacting the average age of the car 
population. Because the certificate of entitlement is only valid for ten years, most cars are then 
taken off the road. This has, therefore, resulted in a very young car population, with cars having 
better fuel economy, and reduced levels of air pollution (Wong et al., 2008).  
 
Efficacy in reaching environmental target 
 
The main purpose of the ERP scheme is to improve traffic flow and to reduce congestion, 
rather than to reduce air pollution and greenhouse gas emissions. These are a concern 
because petrol-based vehicles contribute about 65 percent of the total vehicle kilometers 
traveled and nearly 91 percent of total CO emissions in Singapore (based on statistics of the 
1995-1996 annual vehicle registrations) (Mukherjee and Viswanathan, 2001). Furthermore, 
according to Chin (1996), traffic in Singapore is responsible for over 50 percent of the total 
pollution.  
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Therefore, Singapore implemented a complementary policy in 2015, referred to as the carbon 
emissions-based vehicle scheme, which aims to encourage the purchase of low-carbon 
emission vehicles. Owners of low-carbon vehicles registered before June 30, 2015 receive a 
discount on the registration fee of up to about US$13,800. If vehicles are registered between 
July 1, 2015, and June 30, 2017, owners can receive a discount of up to about US$20,700 
(Wang et al., 2017). 
 
Although not the main purpose of the ERP, the decrease in peak-hour traffic volumes and the 
increased use of public transportation have contributed to vehicle emissions reduction and 
improved air quality (Wang et al., 2017). It is estimated that the ERP and ALS together have 
contributed to a reduction in CO2 emissions of about 2,010 ktonnes (Energy Foundation, 
2014). However, as shown in Figure A2.3, the concentrations of PM2.5 and PM10 in Singapore 
have remained more or less at the same level during the last 10 years (with a peak in 2015, 
followed by a reduction in 2016). The WHO guidelines for the annual mean concentrations of 
PM2.5 and PM10 are 10 μg/m3 and 20 μg/m3, repectively (WHO, 2016). As such, both of the 
measured values in Singapore are above the guidelines.5  

 

Figure A2.3. Development over time of PM2.5 and PM10 in Singapore (micrograms per cubic 

meter, annual mean). 

 

Source: Singapore Department of Statistics (2018c), WHO (2016). 

 
In terms of achieving its stated purpose, the ERP scheme has reduced congestion in 
Singapore and the traffic has become better spread out during the day. When ERP was 
implemented in 1998, it resulted in an initial drop of about 15 percent in traffic volume into the 
CBD, although the charges were lower than under the ALS. The method of charging per trip 
rather than per day has thus been more effective (Olszewski & Xie, 2005). During peak hours, 
the travel speeds on the expressways increased from 45 km/h to 65 km/h and the travel 
speeds in the CBD became smoother (Goh, 2002). Since its implementation, the vehicle fleet 
has increased by three percent each year, but the traffic volume to the CBD has increased by 
only 0.8 percent per year (Energy Foundation, 2014). Since the ERP was implemented, the 

                                                

5 The data of the concentrations of PM2.5 and PM10 includes all sources of air pollution, and the data is 
hence not limited to the air pollution attributable to transport in Singapore. 
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usage of public transportation has steadily increased, and 65 percent of Singapore’s 
commuting needs are currently met though public transportation (Lee & Palliyani, 2017). 
Moreover, the total number of road traffic accident fatalities has dropped from about 220 
fatalities in 1998, when the ERP was implemented, to about 120 fatalities in 2017 (Singapore 
Department of Statistics, 2018b). 
 
According to a study analyzing the effect of the ERP on commuters’ choice of transport mode, 
commuters are responsive to changes in the charge rate (Agarwal & Koo, 2016). The study 
finds that bus ridership increases by 10%–20% in response to an increased charge rate of 
about US$0.3. Furthermore, commuters are found to be more responsive in the morning peak 
hours than in the evening peak hours. This can be explained by commuters having a relatively 
less flexible schedule in the morning compared to the evening (Agarwal & Koo, 2016).  
 
According to Goh (2002), there are several features of the ERP scheme that make it more 
effective than many other road pricing schemes. The fact that vehicles do not have to slow 
down to pay the charge for entering the restricted zone ensures that traffic can flow more 
smoothly and not cause congestion at the payment points. The cameras installed at the 
gantries provide objective proof of violations, which reduces disputes. The fact that the ERP 
charges per trip rather than per day and that the charges are differentiated between different 
vehicle types makes it more efficient. It also contributes to a perception that the ERP is more 
fair than the previous scheme, since those who enter the CBD several times per day have to 
pay more than those who just enter once. 

 
Conclusions 
 
There are several benefits that can be gained from congestion charging. Travel times can be 
reduced, resulting in greater reliability for drivers. The revenues from the congestion charge 
can be a source of funds for improvements in alternative travel modes or increasing road 
safety. Furthermore, greenhouse gas emissions and local air pollution can be reduced and 
health improvements can be gained due to increased cycling and walking (Pike, 2010). 
 
There are also some challenges that need to be taken into account when implementing a road 
pricing scheme. It can sometimes be challenging to secure public acceptance; therefore, it is 
important to address potential privacy concerns and to ensure improved public transportation 
and mobility. Improvements in public transportation are also important since a congestion 
charge will increase demand for alternative travel modes and create pressure for additional 
capacity. In Singapore, policies for improvements in public transportation were accepted 
before the implementation of the congestion charge, which contributed to higher capacity of 
public transportation at the same time as it helped ensure public acceptance (Pike, 2010). 
Another challenge is to have sufficient funds for the upfront investment cost in the system. An 
electronic pricing scheme generally has a high initial investment cost, but is, conversely, 
relatively cheap to operate each year. A paper-based road pricing scheme is cheaper to 
implement, but has a higher annual operating cost. Another challenge is the design of the 
scheme, in terms of where to build the payment gantries and how large the charge should be 
to ensure efficiency and effectiveness (Pike, 2010). 
 
A number of features of Singapore’s road pricing scheme have contributed to its success and 
can be important lessons for future congestion charging schemes. The fact that the 
management of the scheme was merged into one authority has enabled combined policies of 
public transportation, road demand management, land use, and highway improvements. It has 
also enabled a combined development of long-term transportation strategies and provided a 
more rapid decision-making process. A gradual implementation of policies has contributed to 
maintaining public support and enabling the possibility of adjusting and learning from the 
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implemented policies (May, 2004). Another lesson is that it can be helpful to accompany a 
congestion charge with complementary policies that provide sufficient alternatives to car 
usage (Santos, 2005). In Singapore, the congestion charging has been complemented with 
vehicle ownership taxes, an improved public transportation system, and an expanded railway 
network (Santos, 2005).  
 
It is important to ensure that the system is easy to use and that the people understand how it 
works (Van Amelsfort & Swedish, 2015). Singapore achieved these goals by engaging the 
public throughout the whole planning phase and making information about the scheme easily 
available. Furthermore, the prepaid cards used in the IUs also can be used to pay for public 
transportation, which simplifies the system and allows commuters to change their 
transportation mode. 
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Case Study 3. Water Tariff Reform in Phnom Penh, 

Cambodia  

 

Country: Cambodia 

Region: Southeast Asia 

Sector: Water 

Problem: Inadequate municipal water and sewerage services 

Instrument: Taxes, fees and charges 

Brief Overview:  
 
Although Phnom Penh is endowed with abundant water resources, the city struggled to 
provide clean water for drinking and domestic purposes. By the 1990s, as is the case of water 
utilities in many developing countries, the Phnom Penh Water Supply Authority (PPWSA) 
provided inefficient service with poor coverage and bore financial losses. In 1993, the PPWSA 
undertook a sector reform that changed institutional arrangements and management practices 
with water tariff reform as a central component. Within the period of 1993–2008, the PPWSA 
increased its “annual water production [...] by 437%, distribution network by 557%, pressure 
of the system by 1260%, and customer base by 662%” (Biswas and Tortajada, 2010, p. 157). 
This case study examines the case of the Phnom Penh Water Supply Authority in Cambodia 
to highlight how a water utility's reform can succeed by reforming water prices. 

 

Introduction 
 
Water tariffs are monetary charges associated with the consumption or use of water 
resources. They form a central market-based policy instrument for policy-makers to achieve 
economic efficiency objectives such as cost recovery and water demand management, as well 
as address equity concerns (Cornish et al., 2004; Nauges and Whittington, 2017). Well-
designed water tariffs can improve inadequate municipal water and sewerage services, 
inefficient use of irrigation water, and poor intra-sectoral water allocation. 
 
The case study of the Phnom Penh Water Supply Authority (PPWSA) in Cambodia 
demonstrates how successful water tariff reform can improve provision of water services, as 
well as the conditions under which this can occur. This case is interesting because Cambodia 
is one of the poorest countries in the world, yet today has one of the best performing water 
utilities in developing countries and even outperforms some utilities in developed countries in 
terms of minimizing water losses. 
 
The most challenging aspects of water pricing involve: (1) measuring water use and its relative 
payment, (2) selecting the theoretically appropriate price level and tariff structure that balances 
tradeoffs between policy objectives, and (3) overcoming the political will to keep water prices 
low. This case focuses on the tools, processes, and conditions under which the PPWSA 
overcame these challenges. 
 
The rest of the case is organized as follows. In the next section, a brief history of Phnom 
Penh’s urban water supply is reviewed. Then, the key reforms are presented, with water 
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pricing reform first and then accompanying reforms. An assessment of water pricing as a 
policy instrument is done and includes the informational requirements, regulatory burden, 
political feasibility, static efficiency, dynamic efficiency, and efficacy of its application. The case 
study concludes with lessons from Phnom Penh, challenges and opportunities, and the scale-
up potential. 
 
A brief history of Phnom Penh’s urban water supply 
 
Water resources are abundant in Cambodia, with total renewable water resources per capita 
at 30.5 million m3/inhabitant/year and freshwater withdrawals at only 0.46% of total renewable 
water sources (FAO, 2016). There are three major rivers – the Mekong, Bassac, and Tonle 
Sap – as well as high annual rainfall and abundant sources of quality groundwater (Biswas 
and Tortajada, 2010). Therefore, with the Mekong River as a source of water, water scarcity 
is currently not a problem in Phnom Penh (Araral, 2008). 
 
Before the late 1960s, many residents of Phnom Penh had uninterrupted 24-hour supplies of 
“reasonable quality water” (Biswas and Tortajada, 2010). However, the water supply situation 
dramatically changed after the late 1960s. During the next two decades, involvement in the 
U.S.-Indochina War (1961-1973), the genocidal Khmer Rouge Regime (1975-1979), and the 
subsequent Vietnamese invasion and occupation (1979-1989) led to neglect of not only the 
urban water supply, but also all forms of social services in the country (Araral, 2008; Biswas 
and Tortajada, 2010). There were no investments made in water infrastructure, and water 
systems were not maintained or operated due to a lack of skilled personnel (Biswas and 
Tortajada, 2010). Upon the people’s return to the city in 1979, most of the pipes were 70 years 
old, with the newest pipes being more than 40 years old (Chan, 2009). Production totaled 
65,000 m3/day, 45% of its initial capacity (Chan, 2009). 
 
By the 1980s, the PPWSA was in bad shape institutionally and financially, with a culture of 
inefficiency and corruption. Staff had low salaries, and 80% of the staff worked for less than 
two hours per day (Biswas and Tortajada, 2010). Non-revenue water often exceeded 80% due 
to leaks, system losses, thousands of illegal connections to illegal underground tanks, and 
non-payment for water by politicians, army officers, government employees, and PPWSA staff 
members (Araral, 2008); as a result most connected households received no water due to low 
pressure in the system (Chan, 2009; Biswas and Tortajada, 2010). On top of this, it was 
reported that PPWSA staff members were selling illegal connections for 4.2 million riels (or 
1,000 USD) per connection (Das et al., 2010). In 1992, the PPWSA only had five engineers 
and most of the staff were unable to correctly read meters (Biswas and Tortajada, 2010). 
 
Things began to change once the United States lifted the trade embargo in 1992 and the Royal 
Government of Cambodia was established in the following year (Biswas and Tortajada, 2010). 
Shortly after that, various multinational and bilateral aid institutions provided aid and technical 
assistance to rehabilitate the urban water systems. These aid institutions included the United 
Nations Development Program (UNDP), the World Bank, the Asian Development Bank, and 
French and Japanese governments. Biswas and Tortajada (2010) identified the Japan 
International Cooperation Agency’s (JICA) collaboration with the PPWSA to develop a master 
plan that served not only as a blueprint for future development, but also as a basis for donor 
coordination. 
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Bringing about reform 
 
Water pricing reforms 
 
To achieve the goals of efficiency and cost recovery (in addition to providing good quality and 
affordable water supply for the population), the PPWSA – with the government’s support – 
implemented key pricing reforms. The political will to make these reforms, in part, came from 
the petition by the urban poor for substantial improvements in water supply in exchange for 
their willingness to pay for cost-recovery tariffs (Araral, 2008). Given the 1996 context of 
multiparty elections, a regular electoral cycle, and the two-thirds majority needed to form a 
coalition government, the issue of water supply improvements gained salience (Araral, 2008).  
 
As a result, the government of Cambodia decided that: (1) water was an economic and social 
good and (2) the PPWSA should be run as a financially self-sufficient and independent 
business-like institution without political interference (Biswas and Tortajada, 2010). In 1996, 
the political leadership of Cambodia shifted the paradigm of water being treated as a pure 
public good to one where water is a commercial commodity to be priced according to the 
principles of cost recovery (Araral, 2008). This paradigm shift was borne out of pragmatism 
given the country’s fiscal condition and also realization that the poor were willing to pay for 
improved water services at a cost recovery level (Araral, 2008). In June 1996, the parliament 
passed a law on all state-owned enterprises that defined the scope of their operations and 
supervision and granted them independent legal status and financial autonomy. With a follow-
up decree in December 1996, the PPWSA was established as an autonomous public 
enterprise and had a mandate to operate according to commercial principles that strengthened 
accountability principles (Araral, 2008). These two policy changes laid the governance 
structures to support the PPWSA’s tariff reforms. 
 
Then, the PPWSA implemented tariff and collection reforms in order to maximize its income. 
The PPWSA fixed a tariff structure and began implementing it fully. The tariff had to be 
increased to cost-recovery levels without generating social and political unrest. Tariff 
increases were slowly, but steadily, implemented between 1993 and 2001. Until 1983, water 
was free for every household (Biswas and Tortajada, 2010). From 1984 to 1993, water was 
priced at 166 riels/m3 for both domestic and commercial consumers (Biswas and Tortajada, 
2010). From 1993 to June 1994, commercial consumers were charged 515 riels/m3, while 
domestic consumers continued to be charged 166 riels/m3 (Biswas and Tortajada, 2010). In 
July 1994, tariff increases were implemented for both domestic and commercial consumers 
(250 riels/m3 and 700 riels/m3, respectively) (Biswas and Tortajada, 2010). The PPWSA then 
proposed a three-step increase in the water tariff over seven years, paired with service 
improvements. The first two steps were achieved in 1997 and 2001, and the third was not 
needed because of the increased collection ratio and drop in non-revenue water (Chan, 2009). 
Table A3.1 presents the increasing block tariff rates introduced in June 1997 (with tariff 
increases evident in the first block). All connections were metered at this point. In 2001, further 
increases for each block were implemented, with the first block for domestic consumers priced 
at 550 riels/m3 and for commercial consumers priced at 950 riels/m3. 
 
Metering was required to implement volumetric tariffs. In Phnom Penh in 1993, only 3,391 
connections out of 26,881 were metered (Biswas and Tortajada, 2010). Unmetered 
connections were receiving a bill that often had no relationship with the quantity of water 
actually consumed. A decision was made to change to a system of all metered connections 
and the number of installed meters increased steadily (Biswas and Tortajada, 2010). By 2001, 
all connections were metered (Biswas and Tortajada, 2010). Furthermore, more accurate 
Class C meters replaced Class B meters, increasing the credibility and income of the PPWSA 
(Biswas and Tortajada, 2010). 
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Table A3.1. Sequence of PPWSA tariff reforms by type of customer 

 
Domestic Commercial Industrial Government 

Date(s) m3/month riels/m3 m3/month riels/m3 m3/month riels/m3 m3/month riels/m3 

Until 1983 
 

Free 
      

1984-1992 
 

166 
 

166 
    

1993 - June 

1994 
 

166 
   

515 
  

July 1994 - May 

1997 
 

250 
   

700 
  

June 1997-2000 

0-15 300 
  

0-100 940 
 

940 

16-30 620 
  

101-200 1,260 
  

31-100 940 
  

201-500 1,580 
  

>100 1,260 
  

>500 1,900 
  

2001 - today 

0-7 550 0-100 950 
   

1,030 

8-15 770 101-200 1,150 
    

16-50 1,010 201-500 1,350 
    

>50 1,270 >500 1,450         

Source: Biswas and Tortajada (2010) 

 
Billing practices were also overhauled. First, the billing system was completely restructured 
so that bills could be produced and delivered on time. Second, the PPWSA began to prepare 
and continually update the customer roster. The French government provided a grant to 
establish a fully computerized, up-to-date database that became fully operational in 1996 
(Biswas and Tortajada, 2010; Chan, 2009). Further improvements in 2001 allowed the system 
to handle all financial transactions and operations. Third, the PPWSA worked to improve the 
bill collection ratio by using disincentives for late or no payment. A policy was put in place to 
disconnect customers who do not pay their bills; conditions for reconnection included both 
payment of the water bill with a penalty as well as the reconnection fee (Chan, 2009). The 
PPWSA educated collectors in meter reading, showed courtesy to their customers, and 
provided explanations about the billing data when necessary (Chan, 2009). Additionally, the 
top management of the PPWSA began to pay their own water bills, as to lead by example 
(Chan, 2009). Furthermore, the PPWSA bill collectors had incentives and penalties based on 
their collection rates: collectors with less than 97% of their bills collected for three consecutive 
periods were subject to a penalty or removed (Chan, 2009). As a result, bill collection rates 
increased from around 50% in 1993 (with only 28% of produced water billed) to close to 100% 
from 1999 on (Biswas and Tortajada, 2010; Chan, 2009). 
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Accompanying reforms 
 
Besides reforming pricing and bill collections, the PPWSA also focused on reducing non-
revenue water and improving staff efficiency through various other reforms. To address these 
issues, reforms in human resource management, social contracts with communities, and 
technological solutions were implemented.  
 
Human resource management reforms were substantial. First, there were revisions to salaries 
and implementation of incentive pay. The annual salaries also increased from the subsistence 
pay they were previously receiving to five times more than their counterparts in other 
government agencies in Cambodia (Araral, 2008). The PPWSA also deployed a dedicated 
team of trained technicians whose contracts and performance rewards were tied to reduction 
of non-revenue water (Araral, 2008). These performance rewards were substantial – in 2006 
alone, this incentive pay amounted to 25 times the technicians’ annual salary (Araral, 2008). 
Other performance awards and bonuses were tied to bill collection rates (more easily 
monitored by their new operating system); nonmonetary awards such as personnel 
recognitions and foreign study tours were also used (Araral, 2008). Additionally, penalties 
were imposed for poor performance, lack of discipline, or absence (Das et al., 2010). There is 
a disciplinary system of steps, where the penalties begin with a delay in salary increment, 
followed by deductions (15% and then 35% with a shift in department), and finally dismissal.  
 
Second, the PPWSA restructured employee responsibilities, hiring, promotion, training, and 
firing practices. Upper management was given more responsibilities and promotions were 
merit based (Chan, 2009). The PPWSA also implemented open selection for staff recruitment, 
followed by on-the-job training, and a year of provisional contracting before a staff member 
becomes a regular employee (Araral, 2008). Araral (2008) also reports that 16% of direct labor 
costs are used for staff training. Managers are taught to be responsible and teamwork was 
stressed (Chan, 2009). Seminars and workshops are organized for all employees to exchange 
experiences every trimester (Chan, 2009). Chan (2009) also reported that any managers or 
staff found guilty of illegal connection activity would be removed immediately. 
 
The PPWSA leveraged relationships with communities to identify leaks in the system and to 
reduce losses. The PPWSA partnered with village associations to report theft and leakages to 
reduce non-revenue water in exchange for subsidized connection fees (Araral, 2008). 
Incentives were given to those who could provide information about illegal connections (Chan, 
2009). The PPWSA also used consumer complaints about low water pressure as a way to 
monitor leaks, working promptly to address these reports (Araral, 2008). A repair team was 
organized to be on standby 24 hours each day to repair and maintain the distribution network 
(Chan, 2009). Maintenance of water meters includes: (1) a regular schedule of maintenance 
of water meters (every year for diameters of 15 and 20 mm, every six months for >25 mm 
meters, and every three months for customers suspected of fraud), (2) a water meter cleaning 
program at the same time as distribution pipe cleaning, and (3) regular water meter 
calibrations (Das et al., 2010). 
 
Technological solutions were also used to locate underground leaks. The PPWSA used 
instruments that periodically measured water pressure (Araral, 2008). This program was 
started in 1996 and uses a telemeter system, which detects high leaks and illegal connections 
in 58 different sub-zones. Each zone is equipped with a pressure and flow rate measuring 
system with a data transmitter that monitors online data for analyzing big leaks in the system 
(Das et al., 2010). When a leak is detected, the on-call repair team has a two-hour response 
time and submits a follow-up report each time (Das et al., 2010).  
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Assessment of water pricing as a market-based policy instrument in 
Phnom Penh 
 
Informational requirements 
 
There are three main informational requirements for the implementation and design of water 
tariffs: (1) charging users based on their water use, (2) setting a water price that reflects the 
full costs of water supply, and (3) understanding user elasticity of demand. The first 
requirement relies on the utility’s ability to measure water use through meters at a low cost 
and to charge the user a fee based on the volume of water used or consumed according to 
the set tariff. Thus, a water utility needs to maintain an accurate, up-to-date database of 
consumers. This means keeping track of people who move into the city, people who move 
within the city, and people who leave the city. In Phnom Penh, because all records about the 
PPWSA customers were destroyed during the Khmer Rouge regime, nearly 100 PPWSA staff 
had to visit all of the houses in the city in 1994 to record if they were receiving water or not, a 
process that took one year to complete (Biswas and Tortajada, 2010; Chan, 2009). Then, with 
the computerized database, the PPWSA was able to keep track of consumers and also handle 
all financial transactions and operations, enabling the improvement of financial management 
practices. As an additional indirect benefit, the automated system contributed to the 
elimination of corruption and abuse of power (Biswas and Tortajada, 2010). 
 
In Phnom Penh, tariffs were not set to reflect the full economic costs of water supply, but the 
tariffs were raised until the full financial costs of the water utility were covered. Cost recovery 
pricing was adopted and budgets were tied to user charges (Araral, 2008). The tariff was 
calculated based on the total expenses of the PPWSA, including operation and maintenance 
costs and the depreciation of all of its assets, of which values are revised every five years 
(Biswas and Tortajada, 2010). This process was delineated in the National Water Policy 
(Biswas and Tortajada, 2010). In Phnom Penh, the tariff selected did not take into account 
opportunity costs, economic externalities, and environmental externalities (Global Water 
Partnership, 2000). 
 
Finally, to improve economic efficiency, policymakers must understand user elasticity of 
demand to set an effective tariff level that induces users to act in a desirable manner. However, 
in Phnom Penh, economically efficient usage of water was not stated to be the policy goal. In 
other words, the PPWSA was not interested in using the water tariff to control household 
quantities of water used. Instead, the PPWSA was concerned with cost recovery without 
generating social and political unrest and therefore needed to understand household demand 
(Biswas and Tortajada, 2010). To understand household willingness to pay for improved 
services from the PPWSA, a socio-economic survey of water supply was carried out and 
information was collected on how much consumers were paying for water from private 
vendors, their reaction if supply by vendors was replaced by the PPWSA, and their willingness 
and capability to pay higher tariffs (Biswas and Tortajada, 2010). 
 
Regulatory burden 
 
There exists a critical institutional and organizational precondition for the implementation of 
water pricing. There must be efficient and improved control of water (Molle, 2001), where there 
is an orderly system of distributing water with an existing, respected regulatory framework for 
allocating water (Perry, 2001). Part of the regulatory burden includes systematic descriptions 
of key maintenance processes, including the resources required (labor, material, equipment) 
and norms for maintenance and procedures for approving costs (Cornish et al., 2004). A 
significant portion of the regulatory burden is associated with the ability to monitor and enforce 
measurement of the water used and relative payment, requiring cost effective metering 
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infrastructure, a system of periodically reading the meters, and billing and enforcement to 
increase fee recovery. 
 
In Phnom Penh, as part of developing efficient and improved control of water, the government 
gave the PPWSA “enough autonomy to undertake radical changes and decisions in order to 
develop a truly effective and efficient water utility enterprise” (Chan, 2009, p. 605). However, 
there is still oversight as the PPWSA must prepare an annual investment plan that has to be 
approved by its Board of Directors and then the Ministry of Industry, Mine, and Energy and 
the Ministry of Finance (Chan, 2009). Additionally, with the PPWSA operating on commercial 
principles, there is an improved mechanism for accountability. For example, it is clear what 
the PPWSA is accountable for (commercially viable water service), to whom it is accountable 
(consumers and board of directors), and how it will be made accountable (performance 
measurements, commercial accounting principles, and tying budgets to user charges) (Araral, 
2008). 
 
Along with the PPWSA’s accountable autonomy, the reforms in metering and billing, human 
resource management, social contracts with communities, and technological solutions all 
worked towards building new systems and norms around key maintenance processes and 
monitoring and enforcing measurement of water used and relative payment. For example, 
reform of billing processes involved reforming technological systems, customer expectations 
and behavior, as well as collector abilities and incentive structures. Reform of key 
maintenance processes included the systems around leakage detection and repair, with the 
formation of 24-hour teams, community participation in reporting, and application of 
technology. 
 
Political feasibility 
 
As water pricing is a politically and socially sensitive issue, “prerequisites for acceptability may 
relate to affordability or acceptance under fairness considerations” (Vollaro, Senante, and 
Viaggi , 2013, p. 32). In Phnom Penh, the tariff reforms had to be accepted by both the general 
public and government and army consumers. The acceptance of metering, tariff increases, 
and bill collections by these two different types of consumers required two different strategies. 
For consumers, it was important to understand what a “reasonable” increase would be and 
their conditions (i.e., improvements in water supply). Additionally, a program for the poor was 
implemented. For government offices, army installations, and officials, it was more challenging 
and required shifting public opinion, including proclamations from the Prime Minister. The tariff 
increases in 1997 and 2001 were implemented with “strong support of the banks and the 
commitment from the Government of Cambodia, particularly the Prime Minister and the 
Governor of Phnom Penh City” (Chan, 2009, p. 603). The PPWSA also led by example. The 
practice of allowing the PPWSA employees to receive a free supply of water was stopped; 
meters were installed and staff had to pay their bills on time (Biswas and Tortajada, 2010). 
 
Biswas and Tortajada (2010) identified the water tariff increase without “generating any social 
and political unrest” as “one of the most difficult components of [their] strategy” (p. 164). To 
achieve this, the PPWSA ensured that its customers “first witnessed and appreciated a much 
better quality of reliable service before the tariffs were increased” (Biswas and Tortajada, 
2010).  The increases were also seen by customers to be “reasonable” and within their 
capacity to pay (Biswas and Tortajada, 2010). 
 
Deciding the appropriate increase in water tariff required careful consideration and planning. 
A socio-economic survey of the water supply situation was carried out in Phnom Penh first 
(Biswas and Tortajada, 2010). The survey collected information on how much consumers were 
paying for water from private vendors and what their reaction would be if these vendors were 
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replaced by the PPWSA (Biswas and Tortajada, 2010). The survey showed that consumers 
were willing to pay a higher tariff than what they were being charged, conditional on receiving 
a significantly improved service (Biswas and Tortajada, 2010). 
 
The PPWSA also developed a program called “Clean Water for the Poor” in 1999 to assist the 
poor in accessing piped water connections. At this point, the PPWSA had total revenues that 
were higher than their costs and the non-revenue water rate had also dropped. For example, 
the poor living in slums are provided a 30% subsidy for a water connection that is cross-
subsidized by other consumers (Das et al., 2010). Additionally, they are allowed to pay in 
installments within 10 to 20 months, during which interest is charged (Das et al., 2010). Where 
people are not literate, the PPWSA team members go to explain the process and help fill out 
the necessary forms (Das et al., 2010). Das et al. (2010) and Chan (2009) report that the 
progressive water tariff also helps poor families because all households consuming a 
maximum of 7 m3/month pay only 60% of the real cost of providing water, but there is no 
empirical evidence that they receive more subsidies through this tariff structure than do non-
poor families. The PPWSA also works with community leaders and NGOs to identify poor 
households and then lay pipes in poor communities (Das et al., 2010). By the end of 2008, 
there were 17,657 poor families with connections (out of a total of 178,200 connections). 
 
It was more difficult to convince army installations, government offices, and senior officials of 
both the government and army to pay. Historically, they did not pay for their water bills and 
refused to have meters installed to measure their water consumption and/or be billed for it 
(Biswas and Tortajada, 2010). In 1997, the Prime Minister had to publicly proclaim that “every 
person and institution had to pay their water bills promptly so that PPWSA could ensure good 
service delivery” (Biswas and Tortajada, 2010, p. 165). Chan (2009) also described the 
courage and persistence necessary to enforce bill collection through disconnecting a general’s 
water supply when he failed to pay his bill (Brennan, 2012): “Once, I even had a gun pointed 
at my head, a harrowing experience for me personally. But it did not stop me.”  
 
Static efficiency 
 
Theoretically, the efficient water price is the long-run marginal cost of its supply, which reflects 
the full economic cost of water supply (transmission, treatment, and distribution, capital cost 
of reservoirs and treatment systems, opportunity costs, etc.) (Olmstead and Stavins, 2009). 
This price allows for cost recovery for the water utility and more efficient use of water resources 
through saving, reduction of wasteful uses, and improvements in allocation. 
 
As discussed earlier, the water price in Phnom Penh was chosen to reflect the full financial 
costs incurred by the PPWSA to supply water, but it did not account for non-financial economic 
costs of supply. Therefore, theoretically, the PPWSA water tariff does not allow for fully 
efficient use of water resources. The extent to which the reform of water prices improved both 
the utility’s efficiency and efficient allocation of water in Phnom Penh has not been empirically 
examined in the literature. Additionally, it would be difficult to isolate the effect of water tariff 
reform because other reforms (including the PPWSA operating on commercial principles) 
were implemented at the same time. 
 
However, overall efficiency metrics have showed significant improvement from 1993. For 
example, non-revenue water, a commonly used “barometer of [operational] efficiency” 
dropped from 72% in 1993 to 15% in 2004 to less than 6% in 2009 (Araral, 2008, p. 539; Das 
et al., 2010). The substantial reduction in non-revenue water had important effects on water 
availability; where it was available for only 10 hours each day in 1993, by 2004, it was available 
24 hours a day, seven days a week (Araral, 2008). Staff efficiency also improved, with 22 staff 
per 1,000 connections in 1993 to only 3.2 staff per 1,000 connections in 2009 (Das et al., 
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2010). Operation ratios (operating expenditures as a proportion of revenue) stood at 150% in 
1993 and decreased to 38% in 2009 (Das et al., 2010). 
 
Dynamic efficiency 
 
Long-term efficiency relies on (1) pricing that captures the opportunity costs of water (Vollaro, 
Senante, and Viaggi, 2013) and (2) any “rebound effects” where “the relationship between 
elasticity in water use and technology adoption could imply different and unknown water 
saving outcomes” (Huffaker et al., 1998; Vollaro, Senante, and Viaggi, 2013, p. 33).  Thus far, 
the literature on water tariff reforms in Phnom Penh has not discussed the opportunity costs 
of water and if the existing water tariff allows for long-term economic efficiency.  
 
As for “rebound effects” on long-term economic efficiency, the improvements in operational 
efficiency and cost recovery at the PPWSA have allowed for increased water connections for 
the poor through the “Clean Water for the Poor” program. Water bills for the poor have 
decreased by a factor of five to six, as many of the poor have switched from vendors to piped 
water supply (Das et al., 2010). The rebound effects on natural resource use, however, are 
unclear due to the increased number of connections, consumption, and production of clean 
water (Chan, 2009) compared with increased efficiency of piped water supply. 
 
Efficacy 
 
There are two separate policy objectives that water pricing can feasibly achieve: cost recovery 
and water demand management. However, it is important to separate them in order to develop 
targeted interventions. This Phnom Penh case illustrates how a public utility can implement 
effective assessment and collection mechanisms to achieve cost recovery. The multi-pronged 
enforcement mechanisms used by the PPWSA to meter and bill customers according to their 
water use have been linked to successful cost recovery for the water utility. The policy 
objective of water demand management, however, has not been discussed in the literature on 
Phnom Penh’s water supply reforms. 
 
It is important to highlight that Phnom Penh’s water reform case showcases the effects of 
water pricing when implemented alongside numerous other policy changes. As a result, the 
efficacy of water pricing alone as a policy instrument is difficult to assess. However, using 
descriptive inference, we can infer that pricing reform is a necessary condition for a water 
utility’s cost recovery, where revenues collected cover the costs. The case of Phnom Penh 
shows that pricing reform, through which: (1) prices were set to cover the financial costs of 
water supply, (2) metering rates increased to 100% (Araral, 2008), (3) collections increased 
to 99.9% (Chan, 2009), and (4) corrupt practices were limited through policy and 
computerization, has led to robust revenue generation. The other condition for cost recovery 
– minimization of costs (e.g., labor efficiency) and losses (non-revenue water) – were also a 
policy objective in this case.  
 
In addition to cost recovery, the case of Phnom Penh’s water supply reforms also 
demonstrated successes through improvements across all indicators: water availability, 
coverage, customer service, water quality, staff efficiency, access for the poor, and more. For 
example, 90% of Phnom Penh had service coverage in 2009, compared to only 20% in 1993, 
and the water quality meets WHO standards (Das et al., 2010). The PPWSA has received 
accolades and performance ratings from a wide range of agencies (Das et al., 2010). Its 
successes are widely lauded in academic papers, case studies, reports, and newspaper 
articles. 
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Conclusions 
 
Lessons 
 
The Phnom Penh case study fills a knowledge gap “in the practical implementation of effective 
assessment and collection mechanisms” (Cornish et al., 2004, p. 55). The challenging aspects 
of water pricing involve: (1) accurately measuring water use to collect payments from 
customers, (2) selecting the price level and tariff structure that balances trade-offs between 
policy objectives, and (3) overcoming “ancient instincts” to keep water prices low (Whittington, 
2016). Additionally, there is a central question about enforcing the charging policy (Cornish et 
al., 2004). Phnom Penh’s water supply reform experiences provide a practical handbook on 
how to use tariffs to address inadequate municipal water and sewerage services. 
 
Phnom Penh’s case shows that sequencing is critically important during reform. In other water 
reform projects, consumers are first asked to pay for higher tariffs in return for promises of 
service improvements (Araral, 2008). However, in settings with corruption and a lack of 
transparency, these bargains are not credible (Araral, 2008). In Phnom Penh, the political 
leaders and PPWSA employees led by example by paying their water bills. Additionally, the 
water system was already undergoing rehabilitation and benefits of reform were already visible 
and felt by the customers (Araral, 2008). 
 
The conditions under which reforms could be made independent of outside influence 
(especially political) required “getting governance right” (Araral, 2008). To do so, the utility 
needed: (1) autonomy as a public corporation and (2) to operate based on commercial 
principles, especially in finance and personnel, accounting, budgeting, and pricing (Araral, 
2008). For example, many water utilities in Asia are overstaffed and under-skilled due to 
nepotism and interference from politicians and powerful people (Das et al., 2010). Enhancing 
the PPWSA’s autonomy allowed Ek Sonn Chan, the appointed Director of the PPWSA, to 
bring reforms such as tariff increases, enforcement of bill collections, and merit-based hiring 
and promotions. 
 
Finally, Phnom Penh’s case shows that water pricing reform has many components requiring 
cooperation from various parties, including customers, communities, employees, politicians, 
and other people in power. Performance and social contracts need to be aligned and can be 
aided by technology and appropriate human resource management practices (Araral, 2008). 
Metering, billing, collections, and corruption all needed to be addressed and reformed in order 
to implement pricing reforms. 
 
Challenges and opportunities 
 
With per capita daily water consumption nearly doubled  within 15 years between 1993 and 
2008 (Biswas and Tortajada, 2009), there arose new challenges. These include increased 
need for wastewater management and water demand management to ensure that water 
resource use is sustainable. Water tariffs theoretically can help in demand management, but 
that remains to be tested in Phnom Penh. However, the policy goal of cost recovery is different 
from demand management and may require two separate policy instruments to manage 
optimally. 
 
Additionally, Phnom Penh is a rapidly growing city with increasing industrialization; the 
Mekong Basin is also experiencing strong population growth, development, and more 
intensive farming practices that threaten to increase the nitrate levels in the source waters 
(Leng, Ge, and Hul , 2015; Baran and Jantunen, 2005). These will all increase future demands 
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on the PPWSA’s resources to expand the coverage area, increase water supplies, and 
improve water treatment capacities.  
 
Scale-up potential 
 
As the Phnom Penh case illustrates, comprehensive sector reform frequently comes hand-in-
hand with water tariff reform. Comprehensive sector reform likely requires a new institutional 
framework with necessary changes in tariff levels and structure implemented by new 
organizations, including both regulatory agencies and private sector providers (Whittington, 
2002). Where water services are poor, water pricing reform alone may not be enough because 
of the many complementary reforms required to implement pricing reforms. Thoughtful and 
effective tariff reform, therefore, has the most scale-up potential in locations where 
comprehensive sector reforms are already occurring. 
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Case Study 4. The Recycling of Waste Electrical and 

Electronic Equipment in the People’s Republic of China 

Country: People’s Republic of China 

Region: East Asia 

Sector: Waste 

Problem: Waste Processing 

Instrument: Subsidy 

Brief Overview:  

Chinese households and workplaces generate a large amount of Waste Electrical and 
Electronic Equipment (WEEE). Valuable resources can be recycled from WEEE, such as 
metals and plastics. However, WEEE recycling businesses in the People’s Republic of China 
(PRC) were only competitive when operated to harmfully low environmental standards, which 
would considerably reduce their production costs. This caused soil, air, and water pollution 
that threatened the health of humans, animals, and plants. The Extended Producer 
Responsibility (EPR) seeks to incentivise producers to enhance their environmental 
performance by holding them responsible for the environmental impacts of their products over 
a full life cycle. Subsidies are provided to manufacturers of electricals and electronics who 
collect and dispose their products by themselves or outsource the work to other parties. In 
either case, disposal procedures are required to meet high environmental standards. 
Alternatively, the obligation can be fulfilled by contributing to a national fund that subsidises 
environmentally friendly recyclers. The EPR scheme has, on the one hand, promoted the 
proliferation of standardised disposal and recycling procedures that mitigate environmental 
impacts and, on the other, urged manufacturers to adopt environmentally friendly design 
features that help reduce disposal costs. 

 

Background 
 
The People’s Republic of China (PRC) produces and uses electronics on the largest scale in 
the world and is the world’s largest market for refurbished and recycled electronics. As shown 
in Figure A4.1, the quantity of electrical and electronic products owned by Chinese households 
has remained high, which implies the copiousness of scrapped electronics and the necessity 
of recycling them. Figure A4.2 illustrates the numbers of scrapped electrical and electronic 
items estimated from their stocks, assuming a fixed scrapping rate for each year in their 
lifespan, which is typically referred to as the ‘theoretical scrap rate’.  
 
Waste electrical and electronic equipment (WEEE) has been frequently referred to as ‘urban 
minerals’, which reflects its significant value as a resource. Despite that, the recycling and 
dismantling of WEEE, if unregulated, could cause considerable damage to human health and 
the environment. For example, in Guiyu Town, Guangdong province, the dismantling of waste 
electrical appliances began to flourish as a highly profitable business in the 1990s. The 
industry featured small workshop-type businesses that tended to unrestrictedly discharge 
wastewater, waste gas, and solid waste. This caused soil, air, and water pollution that 
threatened the health of humans, animals, and plants (NetEase, 2009). 
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To address the externalities of the profit-seeking dismantling industry, the PRC officially 
implemented the Circular Economy Promotion Law on January 1, 2009. The Regulations on 
the Administration of the Recycling of Waste Electrical and Electronic Equipment in China 
(hereinafter referred to as the Regulations) was legislated on February 25, 2009 and enacted 
on January 1, 2011. Moreover, the Administrative Measures on the Collection and Usage of 
the Waste Electrical and Electronic Equipment Processing Funds was implemented in 2012. 
The three pieces of legislation provide a legal basis and financial incentives for the 
development of the PRC’s resource and environment friendly recycling industry for WEEE. 
 

Figure A4.1. Numbers of electrical and electronic items owned by Chinese households 

 

Source: The White Book of China’s WEEP Industry 

 

Figure A4.2. Numbers of theoretically scrapped electrical and electronic items in the PRC 

 

Source: The White Book of China’s WEEP Industry 
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According to the Introduction of the Recycling and Comprehensive Utilisation Industry for 
WEEE, the development of the waste electrical and electronic equipment recycling industry in 
the PRC has gone through three stages. Up until 2009, the collection, dismantling, and 
disposal of WEEE had been largely undertaken by voluntary, yet unregulated, actors, despite 
the existence of a small number of state-financed recycling plants that were intended to 
demonstrate standardised procedures and techniques. These features characterise the first 
stage of the industry’s history. In the second stage (from 2009 to 2011), due to the introduction 
of the home appliance trade-in policy, WEEE was mostly collected by retailers and 
manufacturers backed by state subsidies. Moreover, this policy gave rise to more than 100 
officially sanctioned and recognised recycling plants that adopted standardised techniques. 
The third stage refers to the years from 2012 onwards. From then on, the Regulations and the 
WEEE processing funds replaced the trade-in policy as the main legal framework and 
incentive mechanism for the recycling of WEEE. By the end of 2016, 109 plants had received 
the WEEE processing funds.  

 
Instrument: The Extended Producer Responsibility (EPR) 
 
The EPR seeks to incentivise producers to enhance their environmental performance by 
holding them responsible for the environmental impacts of their products over a full life cycle, 
including the design, transportation, consumption, recycling, and disposal stages. 
 
The Administrative Measures on the Collection and Usage of the Waste Electrical and 
Electronic Equipment Processing Funds includes a provision that the state sets up a fund to 
subsidise the recycling of WEEE. Producers and importers of electrical and electronic 
equipment are obliged to pay for related waste disposal costs. In 2015, four ministry level 
government departments, including the Ministry of Industry and Information Technology, 
issued a notice that urged producers to contribute to the recycling of WEEE and the EPR to 
be piloted. In December 2016, the State Council issued an action plan for the EPR. 
 
Under this programme, manufacturers have four areas of responsibility: (1) designing 
environmentally friendly products; (2) using recycled materials; (3) standardising recycling 
procedures; (4) promoting information disclosure. Manufacturers are allowed to decide 
whether to recycle and dispose their products and packages by themselves or to outsource 
the work to other parties. Alternatively, the obligation can be fulfilled by contributing to the 
aforementioned WEEE processing fund.  
 
From January 1, 2016, the WEEE processing fund implemented updated subsidy rates, as 
shown in Table A4.1. Subsidy rates for TV sets and microcomputers were reduced from RMB6 
85 each to RMB 60–70 each and the rate for air conditioners was raised from RMB 35 each 
to RMB 130 each, whereas rates for refrigerators and washing machines remained 
unchanged. 
  

                                                

6 RMB stands for Renminbi, the base unit of the PRC’s currency. 6.64 RMB = 1 US Dollar in 2016.  
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Table A4.1. Waste treatment subsidy rates for appliances 

 
Appliance Model Subsidy rate 

(RMB/unit) 

Note 

 

1 

 

TV 

Cathode ray tube TV (14–25 

inches)  
60 

The 14-inch cathode 

ray tube TV is not 

subsidised. 

Cathode ray tube TV (> 25 inches), 

plasma TV, LCD TV, OLED TV, 

rear projection TV  

70 

2 

 

Computer 

 

Desktop computer (including 

mainframe and monitor), 

mainframe monitor integrated 

desktop computer, and laptop 

computer  

70 

Tablet PC, PDA subsidy 

rates are to be specified 

separately. 

3 
Washing 

machine 

Single tub washing machine (3 kg 

< capacity ≤ 10 kg)  
35 

Washing machines with 

a capacity lower than 3 

kg are not subsidised. 

Double tub washing machine, 

wave-wheel automatic washing 

machine, and automatic washing 

machine (3 kg < capacity ≤ 10 kg)  

45 

4 Refrigerator  

Refrigerated freezers (cabinets), 

freezers (cabinets), freezers 

(cabinets) (50 litres ≤ capacity ≤ 

500 litres)  

80 

Refrigerators with a 

capacity below 50 litres 

are not subsidised.  

5 Air conditioner 

Integrated air conditioners, split air 

conditioners, air-conditioners, and 

more (including outdoor units and 

indoor units) (cooling capacity ≤ 

1400W) 

130  

 

As can be seen in Table A4.2, the annual total of the subsidies jumped by 4.5 times from 2013 
to 2014 and continued to increase to RMB 5.4 billion in 2015. Table A4.3 displays the numbers 
of subsidised firms, which added up to 109 within three years. 
 
 
 
 
 
 
 

file:///C:/Users/Rose/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
file:///C:/Users/Rose/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
file:///C:/Users/Rose/AppData/Local/youdao/dict/Application/7.5.0.0/resultui/dict/
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Table A4.2. Amount of subsidy distributed over years 

Year Amount (in Billion RMB) 

2013 0.75 

2014 3.39 

2015 5.4 

2016 4.71 

Source: Introduction of the recycling and comprehensive utilization industry for WEEE 

 

Table A4.3. Number of subsidised firms over years 

Batch Announcement Date Number 

1st July, 2012 43 

2nd February, 2013 21 

3rd December, 2013 27 

4th June, 2014 15 

5th August, 2015 3 

Source: Introduction of the recycling and comprehensive utilization industry for WEEE 

 
Assessment of the instrument 
 
Socioeconomic viability and outcomes of the instrument 
 
Zou et al. (2009) argued for the necessity of subsidising private recycling businesses to 
mitigate their environmental impacts by adopting standardised techniques. In the PRC, WEEE 
recycling is profitable due to loosely enforced environmental regulations, cheap labour, and 
other contextual factors. The adverse environmental impacts are highly attributable to 
recyclers’ reluctance to adopt environmentally friendly, yet costly, recycling procedures. 
Therefore, households have the motivation to sell their WEEE to recyclers and recyclers are 
bound to pursue maximum profits at the cost of the environment. Under those circumstances, 
subsidies to recyclers are instrumental in incentivising them to curb environmental damage. 
Many developed countries have opted for alternative models of WEEE recycling policies. For 
instance, some European countries launched public institutions that collect and recycle 
households’ WEEE without charging or paying them. In Japan, households are obliged to bear 
the costs of e-waste disposal. However, these models were reckoned less applicable to the 
case of the PRC, in light of the aforementioned scope for profits. 
 
Despite that, the recycling costs can be substantially higher for those recycling firms that meet 
higher environmental standards. Their profitability and competitiveness (relative to recyclers 
with poor environmental performance) thus critically rely on the WEEE processing funds. 
However, the funds have been largely financed by governmental subsidies rather than 
manufacturers’ contributions. For instance, the fund collects CNY 7 from manufacturers for 
each air conditioner, yet pays out CNY 130 each to those eligible recycling firms mentioned 
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above. The fund’s deficit amounted to CNY 2.5 billion in 2014, and was predicted to continue 
to soar in light of the continuing growth of WEEE (Gu et al., 2017). On account of that, 
manufacturers would be presumably inclined to either contribute to the fund or resort to less 
costly recyclers (or recycling procedures) that have adverse environmental impacts, rather 
than to pay environmentally friendly recyclers the full cost. This may have undermined the 
viability of other components of the EPR (e.g. encouraging manufacturers to recycle their own 
WEEE using environmentally friendly procedures).  
 
There exist cautionary voices arguing that the EPR may add to the burden of manufacturers. 
On the contrary, Zhou’s (2014) study accentuates the benefits of the EPR to manufacturers in 
the form of reducing production costs owing to recycled materials. 
 
Finally, Zhao et al. (2008) believe that many adverse environmental impacts of the disposal of 
WEEE are rooted in product design. To ensure the effective disposal of used products, it is 
necessary not only to adopt advanced disposal methods, but also to design environmentally 
friendly product features. Before the launch of the EPR, manufacturers should have naturally 
opted for those design features that help reduce production costs or boost sales. Yet, some 
of these design features may augment the (society’s) costs at the disposal stage and thus 
become sub-optimal to the society. A subtle merit of the ERP is that by holding manufacturers 
responsible for the disposal process, it urges them to adopt optimal design features that 
account for disposal costs, such as designs that may increase production costs, but save more 
in the disposal stage. Manufacturers play a decisive role in this regard and are better 
positioned than any other actors to explore and develop such optimal designs. 
 
The home appliance trade-in policy was terminated by the end of 2011. The EPR system, 
although launched in early 2011 before the termination of the trade-in policy, did not specify 
the subsidies until mid-2012. This policy discontinuity (in the first half of 2012) enables us to 
observe the effects of the EPR system. From Figures A4.3 and A4.4, we can see an immediate 
drop in the quantity of WEEE disposed of by standardised procedures during the gap between 
the two policies. In the absence of state subsidies, WEEE disposal plants that adopted 
standardised, yet costly, procedures unsurprisingly lost their edge over unregulated and illegal 
plants that thrived on cheaper, but environmentally harmful, techniques. The latter thus took 
in a larger share of WEEE once again. However, after the EPR subsidies kicked in, 
standardised disposal plants gradually reclaimed and expanded their share of the recycling 
market. This provides corroborating evidence for the efficacy of the EPR system in steering 
the PRC’s WEEE recycling industry towards a more environmentally friendly direction. Cao et 
al. (2013) also had similar findings. 
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Figure A4.3. Ratio of the quantity of WEEE disposed of by standardised procedures to the 

quantity of theoretically scrapped electrical and electronic equipment 

 
Source: The White Book of China’s WEEP Industry 
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Figure A4.4. Ratio of the quantity of WEEE disposed of by standardised procedures to the 

quantity of annual sales 

 

Source: The White Book of China’s WEEP Industry 

 

Environmental efficacy  
 
From the outset of the EPR in 2012, the value of WEEE as a resource began to materialise. 
It can be seen in Figure A4.5 that the quantities of iron, copper, aluminium, and plastic recycled 
from WEEE climbed rapidly from 2013 to 2016. 
 

Figure A4.5. Resources recycled by WEEE processing plants 

 

Source: The White Book of China’s WEEP 
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As mentioned above, the EPR system has, on the one hand, promoted the proliferation of 
standardised disposal and recycling procedures that mitigate environmental impacts and, on 
the other, urged manufacturers to adopt environmentally friendly design features that help 
reduce disposal costs. Via both avenues, the EPR system delivers a broad range of 
environmental benefits such as the reduction of heavy metal emissions and other forms of 
pollution. For example, it can be seen from Table A4.4 that the discharge of refrigerants from 
the dismantling of discarded refrigerators and air conditioners has been reduced. Refrigerant 
emissions are typically regarded as an important source of greenhouse gases. Therefore, 
reductions of refrigerant emissions directly translate into reductions of CO2 equivalents, as in 
the last column of Table A4.4. In particular, after the rise in the subsidy rate for the disposal of 
discarded air conditioners in 2016, the reduction of CO2 equivalents emitted by the dismantling 
of discarded air conditioners in that year was almost 30 times that in 2014. This observation 
further substantiates the effect of the EPR subsidies on curbing greenhouse gases emissions 
from refrigerants. 
 

Table A4.4. Reductions of refrigerant emissions 

Year Appliance 

Handling 

Capacity 

Reduction of 

refrigerant 

emissions 

Reduction of CO2 

equivalents 

In thousand 

units 

In tonnes In thousand tonnes 

2013 

Waste refrigerator 711.2 113.8 967 

Waste air 

conditioner 

5.4 5.4 9 

2014 

Waste refrigerator 1100 175 1500 

Waste air 

conditioner 

13 13 22 

2015 

Waste refrigerator 2800 44555 3800 

Waste air 

conditioner 

55 55 93 

2016 

Waste refrigerator 6400 1025 8750 

Waste air 

conditioner 

166 1660 2800 

Source: The White Book of China’s WEEP Industry 
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Case Study 5. Feed-in Tariffs and Reverse Auctions for 

Solar Power in India: Market-Based Approaches to 

Emission Control 

Country: India 

Region: South Asia 

Sector: Air 

Problem: Industrial Air Pollution from Electricity generation 

Instrument: Hybrid 

Brief Overview:  
 
India has a significant ability to use solar power for electricity generation, but is still heavily 
dependent on non-renewable fuels, particularly coal. Generating electricity from solar energy 
has become increasingly cheap and produces no emissions, unlike coal, which is severely 
polluting. Under the Jawaharlal Nehru National Solar Mission (JNNSM) launched in 2010, 
100GW of electricity is to be produced using solar power by 2022.  This case study evaluates 
two methods that have been used to stimulate solar-based electricity generation: feed-in-tariffs 
or auctions. Feed-in-tariffs are payments by distribution companies to suppliers of solar power 
that are decided on by a regulatory body. Under auctions, firms submit bids representing the 
price at which they are willing to supply solar-based power to the grid. We find that Auctions 
appear better than a regulator-designed tariff in discovering prices, subject to the caveat that 
a winner’s curse may operate. Dynamically, auctions avoid the lag induced by periodic tariff 
revisions under a regulator-designed tariff. 

 

Introduction 
 
Energy demand is set to rise in developing countries. Figure A5.1 below, taken from Wolfram, 
Shelef, and Gertler (2012), shows projected demand from Organization for Economic 
Cooperation and Development (OECD) and non-OECD countries. As we can see, while 
demand from developed countries appears stable, projected growth in energy demand is set 
to come from the developing world. 
 
How this demand will be met has critical implications for emissions reductions strategies; 
continuing use of traditional non-renewable fuels can have severe implications for health. 
Coal-based electricity generation is extremely harmful; the burning of coal releases particulate 
matter, as well as sulfur and nitrogen oxides. Muller, Mendelsohn, and Nordhaus (2011) 
estimate that coal-fired power plants in the U.S. contribute more to damages in the form of air 
pollution than they do to value added. Figure A5.2 below shows selected estimates from this 
study. The ratio of damages to value added (GED/VA or “Gross External Damages”/"Value 
Added”) is shown by the blue bars and the level of damages is shown by the purple bars. It is 
clear that coal-fired electricity generation is the most polluting industry and one of the worst 
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adjusting for its contribution to value added7 (that is, the contribution to damages of this 
industry exceeds its value added by over 100%). Therefore, we are made worse off by 
continuing production using coal. 
 

Figure A5.1. Energy Consumption in the Developed and Developing World 

 

Source: Reprinted from Wolfram, Shelef, and Gertler, 2012. 

 

 

 

 

 

 

 

 

 

 

                                                

7 Gross External Damages are measured by multiplying emissions with location and pollutant-specific 
marginal damages, while Value Added is the market value of output minus the market value of input 
excluding land, labor, and capital. 
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Figure A5.2. Damages and Value Added by Industry. Gross External Damages in $ billion per 

year, 2000 prices. 

 

Source: Muller, Mendelsohn, and Nordhaus (2011) 

 
Switching over to renewable sources of energy is thus crucial for lowering emissions, while 
meeting the increasing demand coming from the developing world. At the same time, the costs 
of production of solar power have been falling rapidly and enabled electricity production from 
solar to have reached grid parity.8 Figure A5.3 shows which countries have reached grid parity 
in Solar Photo-Voltaic (PV) Systems (e.g., much of Europe, Australia, New Zealand, Central 
and South America, and parts of Asia including Japan, the PRC, and India) as of 2015. 
Therefore, substantial potential exists for solar power to fulfill the demand for energy that is 
likely to emerge from the developing world. 
 
A comparison of the levelized cost of electricity and actual cost of electricity is not necessarily 
illuminating about grid parity when it comes to solar. Solar electricity generation is intermittent 
in supply, so it must be stored for reliable supply. At present, the cost of storage renders solar 
electricity generation uncompetitive but these costs are falling. Schmidt et al. (2017) estimate 
the cost of solar electricity generation including storage may reach current retail prices of 
electricity in Germany by 2035. Indeed, accounting for the social cost of coal (primarily, the 
increase in mortality that accompanies coal burning), Somanathan and Chakravarty (2018) 
predict the cost of solar electricity generation to be lower than electricity generation using coal 
by 2025 for India. 
 
 
 
 
 
 

                                                

8 Grid parity is said to take place when alternative sources of energy (for example, solar or wind) can 
produce energy at a cost less than or equal to the price of purchasing energy from the electricity grid. 
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Figure A5.3. Grid Parity for Solar Photo-Voltaic (PV) Systems across the World 

 

Source: Shah & Booream-Phelps (2015, Figure 3) 

 
India, at present, produces much of its electricity from conventional thermal sources – coal, 
gas, and diesel. Coal-fired power plants are the major source of electricity, accounting for 88% 
of the total thermal capacity in 2017 and 60% of total capacity9 (Central Electricity Authority, 
2017, Table A5.4). Renewables account for 17% of this total capacity and of this, solar power 
plants contribute 20% (Central Electricity Authority, 2017). A recent study estimates 75% of 
premature deaths in India occur due to harmful emissions generated by the use of coal in 
electricity generation (through emissions of particulate matter, SO2 and NOx); in 2008, the 
average number of deaths per plant amounted to 500 for SO2, 120 for NOx, and 30 for 
particulate matter (Cropper et al., 2012). 
 
The rapidly falling cost of solar photo-voltaic (PV) cells has triggered an aggressive push 
toward renewables. The Jawaharlal Nehru National Solar Mission (JNNSM), sometimes 
referred to as the National Solar Mission, inaugurated in 2010 under the United Progressive 
Alliance (UPA) government and initially sought a target of 20 GW of total installed solar 

                                                

9 Total capacity includes thermal (coal, gas, diesel), nuclear, hydroelectricity, and renewables. 
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capacity by 2022, which was subsequently raised to 100 GW under the present Bharatiya 
Janata Party (BJP) government. Within India, the states most likely to deploy solar power in a 
substantial manner include most of the states in the western and southern parts of the country. 
Figure 4 shows the pattern of sunshine hours in the country. Gujarat and Rajasthan, followed 
by Madhya Pradesh, Andhra Pradesh, and Tamil Nadu receive the most sunshine. 
 

Figure A5.4. Daily Distribution of Sunshine Hours 

 

Source: Tyagi (2009) 

Gujarat has been the state that has historically led the development of solar power in the 
country. As of 31 March 2015, Gujarat had the largest installed solar power capacity in the 
country and currently is the second leading state (Central Statistics Office, 2017, Table 2.5). 
A key component of its success has been the state’s implementation of a feed-in tariff. Solar 
power producers are guaranteed this rate when they provide energy to the grid. Feed-in tariffs 
vary by state, but Gujarat had and continues to have among the lowest feed-in tariffs in the 
country (Ministry of New and Renewable Energy, 2013). The National Solar Mission, however, 
promotes the use of a reverse auction process to select producers (Ministry of New and 
Renewable Energy, 2012). 

 
Feed-in-Tariffs and Auctions for Solar Power 
 
The early adoption of solar power by Gujarat can be viewed as a response to the feed-in tariff 
structure adopted by the state. This tariff had the following components: it was single-part, 
generic, levelized, and decided on a cost-plus basis. First, the tariff is only a single price; unlike 
the way many utilities are often priced, this is not a two-part tariff (one part a fixed fee and 
another a charge per use). Second, the tariff applies equally to all projects and is thus generic. 
Third, it is constructed to reflect lifetime costs of solar production and is thus levelized. A 
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levelized tariff includes the present value of building and operating a plant across its lifetime; 
it is calculated by dividing the present value of financial and operating costs by the present 
value of electricity produced. Finally, the costs that went into it include capital and maintenance 
costs, a capacity utilization factor10, the duration of the tariff, and a variety of other financial 
costs. 
 
Such tariffs are typically put in place for multiple years (these vary by the type of fuel, but 
typically are fixed at 25 years for solar). Gujarat adopted a similar time frame for these tariffs, 
but with a twist. Two different tariff levels were decided on. The first, a much higher one, would 
run for 12 years (that is, from 2010 to 2022). The second, much lower, would run for the next 
13 years (from 2023 to 2036). This design indicates the Gujarat Electricity Regulatory 
Commission anticipated significant cost declines. In Order No. 3 in 2015, a sliding tariff was 
put in place (for every fiscal year, tariffs will reduce by 7% from their previous level). 
 
While different state regulatory authorities can decide their feed-in tariffs, the Central Electricity 
Regulatory Commission also arrives at its own estimates. Outside of Gujarat, however, these 
tariffs remain fixed for the entirety of the period for which they are applicable. 
 
A critical component of such feed-in-tariffs is that they are decided by a regulatory authority – 
either at the center or the state level. An alternative way of arriving at estimates of a sensible 
tariff is to conduct what are called reverse auctions. In such auctions, rather than buyers 
bidding for a single supplier, multiple suppliers bid for a single project.11 An auction process 
has quickly become a popular way to discover prices and assign supply for renewable 
electricity generation (IRENA, 2013). 
 
It is at least plausible that suppliers are better informed of their costs and are thus in a better 
position to estimate what a tariff should be (Shrimali et al., 2015). Tariffs that are too high lead 
to higher costs than are necessary – this is particularly a severe problem in India, given that 
many state electricity distribution companies bear massive losses. Tariffs that are too low will 
lead to a lack of interest from the suppliers and not enough capacity being built up. 
 
Like the tariffs, reverse auctions are also carried out at the center and state level with the 
winning bid being in force for 25 years. Typically, the auctions were carried out using a closed-
envelope pay-as-bid scheme with fully disclosed ceiling prices, so suppliers were bidding on 
discounts to these ceiling prices. The first phase of the auctions carried out under the National 
Solar Mission between 2010 and 2011 were of a 25-year duration Power Purchase 
Agreement12. The total quantity to be auctioned during this phase was fixed at 1000 MW; a 
quantity cap can be necessary to protect against excessive capacity being built up 
(Deshmukh, Gambhir, and Sant, 2011). 
 
A unique element to these auctions in India is that the eventual payment for the electricity 
generated through the solar plant is bundled with cheaper thermal power; this is done to 
reduce the impact of costlier solar-generated electricity on eventual consumers. These 
bundles were organized by a subsidiary of the state-owned National Thermal Power 
Corporation and can be understood as a guarantee to generators of solar power, in addition 

                                                

10 Capacity utilization refers to the amount of time a given plant generates electricity to the amount of 
time it could use to generate electricity. The Gujarat 2010 Solar policy used a capacity utilization 
factor of 20%. 
11 In most of what follows, I restrict attention to power generated by Solar PV, rather than solar 
thermal plants. 
12 For smaller scale, rooftop solar auctions, such long-term power purchase agreements were not 
used; rather, a capital subsidy was paid out in installments (Azuela et al., 2014). 
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to their role in keeping retail prices manageable. In the second phase of the auctions (starting 
2014), this bundling was replaced by a viability gap funding mechanism, which is a subsidy 
paid to the solar plant for the first few years the plant is operational (Azuela et al., 2014). 
 
The design of these auctions varies by state. Given the poor financial condition of state 
distribution companies, which are often the contract counterparty, they can be perceived as 
bad risks and thus bundling is often not feasible. In four states – Odisha, Rajasthan, Tamil 
Nadu, and Andhra Pradesh – the auction process was switched over to a lowest-bid scheme. 
In such schemes, the winner of the auction pays the lowest bid offered by auction participants 
(Azuela et al., 2014). 
 
Tariffs have been reducing by a significant amount over the years, roughly 66% from 2010 to 
2017. Figure A5.5 below plots the trend in tariffs decided by the Gujarat Electricity Regulatory 
Commission and the Central Electricity Regulatory Commission. The figures for the Gujarat 
tariffs are adjusted for accelerated depreciation.13 Aside from their decline, it is also evident 
that the level of tariffs between the Center and Gujarat is not very different.14 As of 2017, the 
Central Electricity Regulatory Commission has decided not to determine a generic tariff for 
Solar PV, but instead to determine such tariffs on a project-by-project basis. 
  

                                                

13 Accelerated depreciation is an accounting rule that allows power suppliers to depreciate their 
assets at a higher rate early in the life of the asset. 
14 Of course, a major difference between the two is that the Gujarat Electricity Regulatory Commission 
sets tariffs to fall after the first 12 years, which is why we see two different tariffs during the same 
fiscal year. What this means is that for any projects starting in fiscal year 2010-11, a rate of 15 
INR/kWh will be in place until 2022 and then a rate of 5 INR/kWh will apply from 2023 to 2035. From 
2015-16 onward, this two-tariff system does not exist. 
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Figure A5.5. Feed-in-Tariffs for Solar PV. Note: The Gujarat Electricity Regulatory Commission 

tariffs are adjusted for accelerated depreciation. 

   

   

Source: Various Central and Gujarat Electricity Regulatory Commission orders (Central Electricity 

Regulatory Commission: 2010: Petition No. 256; 2012: Petition No. 35; 2015: Petition No. SM/004; 

2016: Petition No. SM/03; 2017: Petition No. SM/05; Gujarat Electricity Regulatory Commission: 

2010: Order No. 2; 2012: Order No. 1; 2015: Order No. 3; 7th Annual Report, 2005/06; 17th Annual 

Report, 2015/16) 

  

Auctions typically result in much lower prices than the regulatory commission tariff estimates. 
The most recent auctions under Phase II of the National Solar Mission all indicate tariffs that 
are below the regulator-decided rates outlined above. Figure A5.6 below shows the bid 
amounts, the capacity auctioned, and the number of participants as well as winners for the ten 
most recent auctions held by the Solar Energy Corporation of India. These auctions are held 
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at the central level and were held between August 2016 and December 201715. The most 
recent bid – held for the Bhadla Phase III Solar Park in Rajasthan – delivered a bid of 2.44 
INR/kWh, less than half of either the Central or Gujarat Electricity Regulatory Committee tariff 
in 2016/17.  
 
We can also see that competition for these auctions is quite strong. Some caution must be 
taken while reading these auction results, however; it is quite possible that a winners’ curse is 
operating. Suppliers of solar power might be placing bids that are too low to provide power 
efficiently. To what extent these results are subject to such behavior is hard to know, as the 
costs of producing solar power have also been declining rapidly over the past few years. 
 

Figure A5.6. Ten Most Recent Solar PV Auctions 

 

Source: Various SECI (Solar Energy Corporation of India) orders (2016: RfS No. SECI/NSM/P-2/B-

4/RfS/GJ/042016, RfS No. SECI/JNNSM/P-2/B-3/RfS/KA/052016, RfS No. SECI/NSM/P-2/B-

4/RfS/MH/062016/B, RfS No. SECI/NSM/P-2/B-4/RfS/RJ/11201, RfS No. SECI/NSM/P-2/B-

4/RfS/RJ/112016) 

Note: These auctions were held between August 2016 and December 2017. The figure is ordered 

from left to right such that the earliest auction is on the extreme left, while the latest is on the extreme 

right. 

 

 

                                                

15 The Solar Energy Corporation of India is a Central Public Sector Undertaking under the Ministry of 
New and Renewable Energy. It holds responsibility for various renewable sector-related projects; part 
of these include large-scale grid connected projects under the National Solar Mission. In possession 
of a power trading license, this company has the ability to trade power procured under projects it 
implements. 
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Case Assessment 
 
Informational requirement 
 
Both sets of instruments require a substantial amount of knowledge. When it comes to the 
regulator-designed tariff, as we have seen, a number of criteria must be first established and 
their evaluation needs to be carried out in a systematic manner. In this regard, it is interesting 
to note the Central Electricity Regulatory Commission’s move away from a generalized tariff 
toward a specific tariff for each project. It is possible that such a shift occurs because the 
generalized tariff was simply not tracking any particular project very well; rather than attempt 
to account for every detail possible, this shift indicates a willingness on the part of the regulator 
to only focus on those important for any particular project. 
 
An auction, on the other hand, requires less in the way of estimating firms’ actual behavior; 
however, to design an auction well still requires some information. Most auctions have been 
carried out by first inviting a set of suppliers and then selecting among them, which implies the 
regulator needs to understand which firms will be capable of supplying power in the future. 
The format of the auction is also important. A pay-as-bid approach had typically been adopted, 
but with a known price ceiling and suppliers bid on discounts to these price ceilings. How these 
ceilings are decided is clearly important. In addition, a total quantity restriction must also be 
arrived at, the process of selecting suppliers to participate must be thought through, and the 
number of suppliers itself needs to be decided. These are far from trivial considerations. 
 
Regulatory burden 
 
It is hard to say if the regulatory burden is greater under a regulator-designed tariff or an 
auction. At the contract award stage, the regulatory burden appears lower under an auction 
format, but once the contract is awarded, there appears to be a greater role for the regulator. 
The move over to a project-specific tariff has obvious implications for a regulatory authority. 
With a large number of projects, it will be extremely difficult to keep up with all projects and 
make sensible decisions within a reasonable length of time. Presumably, however, this shift 
indicates a strong preference for an auction mechanism to decide the tariff; a regulator-
designed project-specific tariff is likely expected to be used only sparingly. 
 
Even with a generic tariff, however, we see the regulatory burden is still substantial. Revisions 
must constantly made to the tariff in order to track market costs and it is certainly believable 
that regulatory authorities will do this with a lag. To the extent such lags occur, they result in 
gains to incumbent suppliers; if these payments are made through state distribution 
companies, then these incumbent gains drain further money from the distribution companies. 
An auction process will presumably not be subject to such constant revisions, although its 
design may need to be altered from time to time. At the same time, there is some concern 
over the performance of the supplier once the auction is carried out (e.g., the amount of 
capacity built can fall lower than what the bid was for) and so the burden on the regulator shifts 
over to different concerns than those under a regulator-designed tariff. 
 
Political feasibility 
 
India is still massively dependent on coal and a significant shift away from this fuel is unlikely 
in the near future. That said, the scaling up of the goal under the National Solar Mission 
indicates a shift in political preferences toward renewables. In addition, and possibly a reason 
why the preferences are shifting, the cost of solar production has declined tremendously 
recently. These developments suggest that either a regulator-designed or auction-determined 
tariff to encourage solar energy should not be too infeasible politically. 
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Possibly the biggest stumbling block, however, appears to be the financial health of the state 
distribution companies. One possible reason why Gujarat was able to generate so much 
investment early on might simply be that their distribution companies were the healthiest in 
the country. States whose distribution companies continue to have steady losses will never 
be attractive and to the extent that this affects the ability to honor the tariff arrived at, a state 
may simply never be able to get enough attention. In this respect, the recent Ujawal DISCOM 
Assurance Yojana (UDAY) scheme, wherein the state governments take over the distribution 
company losses, has some potential in relaxing this constraint.16 
 
Finally, the movement away from coal should not be taken lightly. Coal mining tends to be 
highly unionized and, at least at present in India, a majority of the coal mined is done through 
Coal India Limited, a state-controlled coal mining company. Cutting down on coal use 
inevitably means reducing mining jobs; therefore, significant political pressure to keep coal 
alive should be expected. 
 
Static efficiency 
 
Auctions are as good as, and more likely better than, regulator-designed tariffs in their ability 
to reach low cost. Indeed, recent research does find that auctions have been cost-effective 
(Shrimali et al., 2015). 
 
As noted above, some state-level auctions have altered the rules for the bidding procedure. 
By making the winner of the auction pay the lowest bid offered by all auction participants, 
prices will be driven down, but this might be entirely artificial. More worryingly, these might 
hurt the ability of the supplier to produce in the future; such a format might also encourage 
inefficient entry of suppliers who are not entirely committed to producing in the future. Once 
again, it is important to realize that the state distribution companies’ financial health is a 
possible reason why such auction formats have been chosen; loss-making companies owned 
by the state are incentivized to look for low-cost suppliers, with possible harmful effects later 
on. 
 
The auctions carried out so far reveal constraints over the abilities of a regulatory authority to 
design an appropriate tariff. As noted previously, the Gujarat Electricity Regulatory 
Commission chose a tariff format that declines over time. Although this is a somewhat blunt 
method, it does reflect an intelligent anticipation of cost declines in the future. Nevertheless, 
even under this approach, the expectation of cheap supply turned out to still be too pessimistic; 
tariffs were set to fall to 5 INR/kWh only by 2022 (12 years after 2010, the year of the first 
order). The auctions have revealed, however, that bids have fallen below this level at least 
five years in advance.  
 
Dynamic efficiency 
 
If indeed these auctions suffer from a winners’ curse, it will have implications for the ability of 
suppliers to keep their promises. Shrimali et al. (2015) note that limited deployment has been 
an issue in some of these auctions, as the total capacity auctioned is often less than the total 

                                                

16 UDAY is an attempt at turning around the financial status of electricity distribution companies 
(DISCOMS). This initiative combines four separate components relating to the DISCOMS: operational 
efficiency, the cost of power, the interest cost of their debt, and aligning with individual states to 
enforce financial discipline. A key element involves the state government taking over 75% of the 
distribution company losses and issuing bonds to pay back lenders. The goal is to reduce the interest 
cost of the debt the DISCOMS are under (Press Information Bureau, 2015).    
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capacity put up for sale; indeed, this might be a feature of the auction process itself (IRENA, 
2013). 
 
Key concerns with the regulators deciding tariffs relate to how well tariff levels track costs over 
time. In this respect, declining tariffs (both the time varying type and the sliding scale instituted 
by Gujarat) are clearly relevant and reflect a possible way to have an efficient tariff in place in 
the long run. Of course, if costs are expected to rise, then tariffs will have to be adjusted 
upward. 
 
In general, it appears difficult to see how any instrument could be efficient dynamically. The 
solar market, particularly on the production side, has undergone substantial changes over a 
very short period of time. An auction format, relying as it does on firms’ expectations, might 
be better at revealing the right prices. Nevertheless, these expectations could be wrong; it is 
essential, therefore, that auction winners are spread over a large enough pool of suppliers to 
minimize the risk of being unable to procure power if enough negative events transpire. 
 
Efficacy in reaching environmental target 
 
Auctions are getting increasingly popular (IRENA, 2013) and to the extent they deliver lower 
prices, this will itself invite further participation. If, however, deployment is limited, then this 
instrument may not be very efficient in reaching the target laid out under the National Solar 
Mission. In addition, if the bid prices turn out to be too low, then projects will be allocated, but 
plants may never get built. Having a credible counterparty signing the power purchase 
agreement does appear to lower the risk of plants being built (Shrimali and Nekkalapudi, 
2014). 
 
Regulator-decided tariffs, however, have worked in only one state (Gujarat), possibly due to 
the financial health of its distribution company. There are obvious limits to how far one state 
can help achieve increased solar capacity installation. Combined with the precarious financial 
status of most state distribution companies, the role of a regulator-decided tariff in reaching 
the target envisioned under the National Solar Mission appears limited. UDAY, however, might 
play an important role here in easing individual states’ financial concerns; if this does take 
place, then it is possible that the target is reached. 
 

Box A5.1: Why does Gujarat have well performing state distribution companies? 

 
One of the factors behind the success of the regulator-decided tariffs appears to lie in the 
ability of the state distribution companies to be able to pay power suppliers, as these 
distribution companies are able to make profits. Gujarat is an outlier state in this regard, 
with all of its distribution companies making profits (Gujarat Electricity Regulatory 
Commission, 17th Annual Report 2015-16). A relevant question is how these distribution 
companies were able to make profits, when all over India distribution companies generally 
make losses. 
 
The ability of these companies to turn a profit is only fairly recent, taking place around 2004 
(Gujarat Electricity Regulatory Commission, 7th Annual Report 2005-06). However, the 
scale and speed of their turnaround has been remarkable. The way this has been carried 
out appears to be a combination of increased privatization, reducing losses (through poor 
distribution and theft), and improving collections efficiency (Vora, 2014; Singh, 2014). How 
exactly these reforms succeeded in Gujarat is an open question and one fit for future 
research. 
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Conclusions  
 
The major lessons here are two-fold. First, well designed tariffs can work well if backed by a 
trustable distribution company. It is important to see that Gujarat arrived at a fairly unique 
dynamically declining tariff. While this tariff turned out to be higher than the bid amounts in the 
auctions, it still got close. In addition, being profitable helps to attract suppliers. Second, 
auctions have turned out be a major success and have delivered low prices, subject to the 
caveat these bids aren’t reflecting a winners’ curse. 
 
The future growth of renewables, in general, and solar, in particular, is limited by at least two 
factors. First, the ability of the grid to absorb renewables is a non-trivial problem. At present, 
storage of electricity is limited; indeed, this is perhaps the most striking feature of electricity as 
a traded product. Renewable energy is going to be intermittent as long as storage is not 
economic. Until this constraint is lifted, electricity grids must be designed in a way that excess 
supply (likely if a sudden flow of renewable energy enters) can be managed. While in Europe, 
these problems are met through inter-country trades, but the Indian grid is not developed well 
enough to have a similar solution. Second, most state distribution companies are still making 
losses, which obviously reduces the probability of participation. Either instrument (auction or 
regulator-designed tariff) can only work as well as the distribution company is able to 
guarantee the payments it must make to power suppliers. 
 
Auctions probably can be scaled at a higher rate than regulator-designed tariffs subject to the 
ability to design them well. In addition, having a credible counterparty in the auction (the 
authority purchasing power) will be necessary to have an auction mechanism scale up. 
Regulator-designed tariffs are going to be difficult to scale. As these tariffs will have to reflect 
local concerns, at least at the state level, a common set of tariffs cannot be decided. By 
contrast, an auction format removes this responsibility from the state regulator and places it 
in the hands of firms who are best placed to use it; auction formats will not probably change 
significantly across states. In addition, auctions can arrive at a project-based bid. For a 
regulator to do the same would be far too costly at any reasonable level of scale. Auctions are 
not a perfect solution, as stressed above, but it does have the ability to scale.  

 
Generalizable findings 
 
Auctions appear better than a regulator-designed tariff in discovering prices. At least in a static 
sense, they are more efficient, subject to the caveat that a winner’s curse operates. Even 
dynamically, auctions help avoid lag induced by periodic tariff revisions under a regulator-
designed tariff. Last, reaching a project specific price is much easier under auctions than a 
regulator-designed tariff. 
 
Some concern exists over their ability to perform over time, or rather, on the ability of an 
auction procedure to capture non-contractible elements of a project’s design. Indeed, some of 
the economic literature on auctions suggests that cost overruns may not be avoidable, 
particularly for complex procurement projects; in such cases, auctions simply are not a good 
instrument to allocate projects (Bajari, McMillan, and Tadelis, 2008; Bajari, Houghton, and 
Tadelis, 2014). In addition, if auctions are not held at regular intervals, then intermittent 
episodes of limited deployment can occur (IRENA, 2013), which hurts the ability to reach a 
pre-defined environmental target.17 
 

                                                

17 In the present case, this would be a total capacity target. 
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Auctions almost certainly imply a lower informational burden on the regulators’ part. However, 
the burden shifts over to auction design and follow up after the auction is carried out, rather 
than carrying out periodic tariff revisions. In this respect, making the bidding company put up 
a bond or, as in some procurement cases in California, making the bidding company buy a 
bond from a bonding company can function as a way to screen out adverse selection and 
mitigate moral hazard (Bajari, McMillan, and Tadelis, 2008). As indicated above, auction 
design here has certain features that require care: the type of auction, deciding how much 
capacity is to be built, deciding what the ceiling price will be, the selection process of the 
supplier, how many suppliers to consider, and whether price alone is the deciding factor in 
selecting a winner. 
 
Politically, auctions are increasingly popular, as they are viewed to be transparent and 
relatively free from corruption or nepotism. In addition to this, the basic economics of solar 
power has reached a stage where it is relatively competitive with traditional sources of power 
(coal and natural gas). These factors will help auctions scale. The only hurdle politically 
appears to be how entrenched the suppliers of traditional fuels are in the political system; for 
instance, in the recent presidential elections in the United States, mining-intensive 
communities tended to have very strong political views (Houser, Bordoff, and Marsters, 2017, 
Figure 23, pp. 33). These voices cannot be ignored and a way to accommodate them is a 
must. Cautious optimism appears to be the best way to describe the continuing use of auctions 
for deciding generation of renewable energy. 
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Case Study 6. Deposit Refund Scheme for Lead Acid 

Batteries in India 

Country: India 

Region: South Asia 

Sector: Waste 

Problem: Waste Collection 

Instrument: Hybrid 

Brief Overview:  
 
To facilitate recycling of lead batteries in a safe and environment friendly manner, India’s 
Ministry of Environment and Forests formulated Batteries Management and Handling Rules, 
2001. The rules instituted a deposit refund scheme to ensure collection of used batteries. The 
consumers under this scheme do not make a deposit upfront rather receive a discount on 
purchase of new battery when they return the used battery. In spite of the rules and a high 
awareness among consumers regarding the scheme, the scheme has only been partially 
successful due to the existence of the informal sector. The existence of informal sector creates 
leakages at the collection level as well as the recycling level. It is necessary to ensure that the 
buy-back price that the retailer receives from the manufacturer is higher than the price paid by 
the informal sector and should be inclusive of the storage costs borne by the retailer and the 
taxes paid. Studies also suggest integrating informal sector with the formal sector via another 
agency. The role of the agency would be to collect the used batteries from the scrap dealers 
and retailers and pass it on to registered recyclers thus shifting the onus of collection from the 
manufacturers on to itself and the associated smelters. The manufacturers now however, are 
responsible for paying a recycling fee to the government. 

 

Background 
 
Lead-based batteries form a vital component of cars worldwide. Reports estimate that by 
2020, there will be 37 million lead-based start-stop batteries in hybrid cars (ILA, 2015). While 
the U.S. and Europe report a recycling rate of 99% (ILA, 2015), developing countries lag 
behind in reported recycling rates because of the involvement of the informal sector in 
recycling.   
 
The Basel Convention characterizes lead-acid batteries (whole or crushed) as hazardous 
waste. Lead is a highly toxic metal and poses a threat to humans and the environment. 
Improper disposal of lead batteries in solid waste could contaminate the groundwater, soil, 
and aquatic life (Cal-Recycle, 2000). Exposure to lead can cause hypertension, 
developmental defects, renal dysfunction, anemia, impaired learning, irreversible mental 
impairment, and even death (Needleman et al., 1999; Cal-Recycle, 2000).  
 
On the other hand, the identical quality of recycled and primary lead makes lead one of the 
most recyclable metals. At present, more than 85% of the lead is used in the production of 
lead batteries and almost 100% of this amount is recoverable and recyclable (Leblanc, 2018). 
Recycling lead under controlled conditions not only reduces environmental damages 
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(Krishnan and Gouda, 2018), but recovery of lead from used batteries is 39% less energy-
intensive than producing lead from primary sources (Metalworld, 2016).  
 
Recycled lead, while essential for sustainable growth, can also cause health problems if 
proper regulations are not followed. In Rao et al.’s (2007) study in India, the researchers found 
high levels of lead in the blood of factory workers engaged in recycling as compared to the 
control group. Gottesfeld and Pokhrel (2011) find that the average worker’s blood lead level 
(BLL) in developing countries was 64 μg/dL in recycling facilities and lead concentrations in 
air in battery plants in developing countries reportedly averaged 367 μg/m3, which is seven 
times greater than the U.S. Occupational Safety and Health Administration's (OSHA) 
permissible exposure limit (50 μg/m3).  
 
Gupt (2012) provides an overview of the working conditions in the unorganized smelters 
existing on the outskirts of Delhi. Most of the smelters in the informal sector live on the 
premises of the recycling units. These workers are employed for a period of 2-3 months at a 
stretch; after which, they develop health problems such as indigestion or abdominal pain, 
which is treated by local doctors but are not hospitalized. Those with no other means of 
employment stand to lose 30000 INR annually on falling sick and being unable to return to 
work (ibid). Thus, the informal recycling not only poses a threat to the environment, but also 
has a direct impact on the health and livelihood of the workers employed in such factories. 
 
Given the negative externalities associated with uncontrolled lead recycling and the benefits 
of lead recycling, India implemented the Batteries (Management and Handling) Rules (BMHR) 
in 2001. This study delves into the impact of the policy and the challenges that arose in its 
implementation.  
 
The next section gives an overview of India’s lead-acid battery market and the institutional 
context. Section 2 describes the deposit refund scheme, as prescribed in the BMHR. Section 
3 assesses the deposit refund scheme and section 4 provides the challenges and way forward. 
 
India’s Lead-acid Battery Market 
 
The launch of the Smart Cities Project, solar missions, growth in the demand for automobiles, 
and telecommunication infrastructure are all factors in the increasing demand for lead-acid 
batteries in India. The number of vehicles in India has increased from 55 million in 2001 to 
159.5 million in 2012 (MoRTH, 2013). Chechi (2017) reports that as of 2016, the market size 
of lead-acid batteries in India stood at US$4.47 billion and is expected to grow at a compound 
annual growth rate (CAGR) of 8.36% over 2017-2022.  
 
In India, the battery industry consumes 74% of lead produced (IBM, 2011). These lead-acid 
batteries have a life of three to four years. At the end of the life of the batteries, they are 
collected and recycled. Jha (2013) in an article in Business Standard highlighted that primary 
production of lead in 2013 stood at 70,000 tons and secondary production stood at 320,000 
tons. The contribution of the unorganized sector in lead battery collection and recycling stands 
at 150,000 tons out of the total secondary production (ibid). Such small recyclers mostly rely 
on crude technology to recycle lead; as a result of this, the lead extracted is of poor quality 
and is insufficient in producing batteries with a long life (Occupational Knowledge International, 
2010). 
 
The battery recycling industry in India consists of consumers, retailers, manufacturers, 
registered smelters, scrap dealers, unregistered smelters, and local battery manufacturers 
(Gupt, 2012). In the present Indian scenario, manufacturers have the responsibility of 
collecting and ensuring environmentally sound recycling of the used batteries (MoEF, 2001).  
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In order to bring the batteries into the recycling chain, a deposit refund scheme has been 
instituted. Under the deposit refund scheme, consumers receive a discount on the purchase 
of a new battery upon returning the used batteries. The retailers on their part can choose to 
sell these batteries either to the itinerant waste dealers or to registered manufacturers. 
Depending on the mode chosen, the used battery either goes to the informal smelters or the 
organized smelters (Gupt, 2012). 
 
In this case study, we examine the efficiency of the deposit refund scheme for used lead-acid 
batteries in achieving environmental targets. 
 
Institutional Context 
 
In 2001, the Ministry of Environment and Forests (now the Ministry of Environment, Forests 
and Climate Change, MoEFCC) formulated the Batteries (Management and Handling) Rules 
(BMHR) under the Environment Protection Act, 1986 with an aim to ensure environmentally 
sound recycling of used batteries. The regulatory authorities involved in implementing the 
BMHR are the MoEFCC, Customs authorities, State Pollution Control Boards (SPCBs), and 
Central Pollution Control Board (CPCB). The BMHR put responsibilities on other stakeholders 
such as manufacturers, importers, re-conditioners, assemblers, dealers, recyclers, 
auctioneers, consumers, and bulk consumers involved in the manufacture, processing, sale, 
purchase, and use of batteries or their components (MoEF, 2001).  
 
Under the BMHR, the SPCBs are mandated to seek data on the sale, import, generation, 
collection, and recycling of used batteries from manufactures, importers, re-conditioners, 
assemblers, auctioneers, and recyclers for keeping track of used batteries. The CPCB is 
required to compile and publish the data received from the SPCBs and committees (MoEFCC, 
2016).  
 
The BMHR set graduated targets to be achieved in terms of used batteries collected —  50% 
of new batteries sold in the first year of implementation, 75% in the second year, and 90% 
thereafter. It was further mandated that the collected batteries should be sent only to 
registered recyclers for recycling.  

 
Description of the Instrument  
 
A deposit refund system has existed in India for many years, however a set of rules to regulate 
the recycled lead market were formalized under the BMHR in 2001 (Gupt, 2012). The BMHR 
stipulate the consumer to return the batteries to designated collection centres or registered 
recycler, dealer, manufacturer. The BMHR also stipulate the dealer to provide a discount for 
every used battery returned by the consumer, without any prior deposit made (MoEF, 2001).  
 
Under the  deposit refund scheme (DRS) implemented, consumers do not make a deposit 
upfront, but instead receive a discount on the purchase of a new battery when they return the 
used battery. The discount given by the dealers is determined by the market price of lead at 
the London Metal Exchange (Gupt, 2012). While the BMHR state that the dealers are to 
provide an appropriate discount, the role of the regulator in determining the discount seems 
limited in the present scenario. Gupt (2012) studied DRS in Delhi and the National Capital 
Region (NCR) and found the discount received by the consumers to be on average 372 INR 
(ranging between 200 INR and 500 INR), covering approximately 9% of the cost of a new 
battery, and available only on the purchase of a new battery.  
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Assessment of the Deposit Refund Scheme 
 
Informational Requirement 
 
In order to ensure that the DRS achieves the targets set, awareness of the BMHR and 
responsibilities delegated to the consumers, retailers, and manufacturers is a must.  
 
Gupt (2012), in the study in Delhi and the NCR, found that 88% of consumers and 65% of 
retailers were aware of the BMHR, 2001, though only 26% of the retailers admitted to 
complying with the BMHR and 60% of the retailers sold the batteries to scrap dealers. The 
figures show that the DRS is partially successful, as it is able to procure the used lead batteries 
from the consumers, but the study also finds that the retailers prefer to sell batteries to the 
informal sector since they collect more frequently than the manufacturers and are also able to 
pay a higher price to procure the batteries as they do not have to adhere to the environmental 
standards (Dholakia and Jain, 2015). For organized smelters, costs of compliance include 
installation and maintenance of pollution control equipment, taxes on purchase of battery 
scrap, and transportation (Gupt, 2012). The less frequent visits add to the storage costs of the 
retailers. In addition, the informal sector’s ability to pay a higher price and the taxes that would 
have to be paid for the retailer to sell to the manufacturer or the organized smelter make it 
prohibitive for the retailer to sell batteries to the formal sector. Thus, in order to ensure 
compliance with BMHR, the buy-back price that the retailer receives (from the manufacturer) 
should be such that the incentive the formal sector pays is higher than the incentive paid by 
the informal sector, when factoring in the storage costs and taxes as well.   
 
Regulatory Burden 
 
The BMHR mandate the stakeholders to file half-yearly returns on the sale, collection of used 
batteries, and quantity sent to registered/authorized recyclers. The BMHR also mandate 
registration/authorization of dealers by the SPCBs and registration of importers by the CPCB. 
Dealers are required to file half-yearly returns of the sale of new batteries and buy-back of old 
batteries to manufacturers, who, in turn, must file half-yearly returns to the respective SPCBs. 
Manufacturers are required to manage channelization of the batteries through their dealer 
network and also through the collection centres. One of the main responsibilities of 
manufacturers is to implement a take-back system for the end-of-life batteries produced by 
them (MoEFCC, 2016). Given the present framework of data collection and the agencies 
involved, coordination at both the state and central level is required for ensuring compliance. 
Krishnan and Gouda (2018) find that manufacturing units in a few states do not adhere to the 
environmental standards and any punitive action taken by the SPCBs was tied up in litigation 
for more than a year. Moreover, ”Battery waste to be regulated”(2012) states that only 65 
dealers out of 262 dealers had been registered in Tamil Nadu in 2012, 11 years after 
implementation of BMHR. As per the status of implementation of BMHR, out of 36 union 
territories and states, compliance reports were submitted by 11, 14, and 5 SPCBs/Pollution 
Control Committees (PCCs) to the CPCB in the years 2013-14, 2014-15, and 2015-16, 
respectively (MoEFCC, 2016). 
 
The above data highlights that lapses exist not only at manufacturer level, but also at the level 
of the SPCBs. The 2010 amendment to cancel registration for non-compliance is a step in the 
right direction, though implementation across the entire chain will still require reasonable 
coordination between state and central authorities.  
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Static Efficiency 
 
The mandatory condition of returning used batteries to registered dealers and channelizing 
these to registered recyclers under the BMHR has brought some control on the flow of these 
batteries to the informal sector. Although, there are still instances where these used batteries 
are sold to scrap dealers (kabadiwalas), as they pay more money than the authorized dealers 
(Raghupathy and Chaturvedi, 2013).  
 
However, a study done by Gupt (2012) in Delhi and the NCR finds that an average consumer 
was aware of the deposit refund scheme and 90% of the consumers returned the used 
batteries to the retailers irrespective of the discount price. However, data received from the 
SPCBs on the percentage of take-back by the manufacturers as part of their total sales again 
portrays a dismal picture. The data shows that very few manufacturers meet the legal 
requirements of collecting 90% of the batteries sold through the registered dealers 
(Occupational Knowledge International, 2010). The discrepancy between the batteries 
returned by the consumers to the retailers and those received by the manufacturers reveals 
limited capability of the present incentive mechanism to close the supply chain and stem the 
leakage to the informal sector. The unavailability of lead battery scrap creates a further 
problem as the authorized smelters do not get sufficient batteries and thus function at less 
than 100% capacity, leading to increased recycling costs per battery. The present BMHR also 
mandate the bulk consumers to auction the used batteries only to registered smelters. Given 
the low number of registered smelters, the price received per battery has decreased, thus 
leading to storage of batteries or selling of batteries to the informal sector (Toxics Link, 2011).  
The above issues highlight the need for the regulator to set a lower limit to the auctions such 
that it is higher than the price offered by the informal sector and also to ensure sufficient supply 
of batteries to the formal sector.  
 
Dynamic Efficiency 
 
Given the leakage of the batteries to the informal sector, the instrument has been far from 
effective in achieving dynamic efficiency. In the present policy, the recycler has no incentive 
for registration or disincentive for non-registration. Rather, registration increases the costs of 
recycling, thus making the business less profitable. Moreover, currently, these registered 
smelters do not run at 100% capacity (Toxic Links, 2011), thus incorporating pollution control 
costs that reduce the profits further. Also, the lack of effective monitoring and strict punitive 
action for non-compliance further creates a disincentive for registration or for compliance to 
the BMHR. In addition, the existence of markets for local brands of informal battery 
manufacturers at cheaper rates further exacerbates the present problem of informal recycling.  
The present situation — existence of markets for local brands, less life of locally manufactured 
batteries, lack of effective monitoring, registered smelters running at less than 100% capacity 
— makes it difficult for the instrument to be dynamically efficient. While Exide Industries has 
made some headway by meeting close to 40% of their lead requirements through recycled 
lead (Exide Industries, 2016), there is still a wide gap in bringing back the recycled lead into 
the formal manufacturing of batteries. It is essential, therefore, to ensure sufficient supply of 
used batteries to the registered smelters and incentivize authorized manufacturers to use 
recycled lead.  
 
Political Feasibility 
 
The occupational hazards related to lead recycling in the unorganized sector led to the 
formulation of the BMHR in India (Gupt, 2012). While formulation of the BMHR and 
amendments thereafter show political will in the right direction, reports highlight a lack of strict 
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enforcement by government authorities and non-strict actions against non-compliance as a 
reason for failure of the policy (Krishnan and Gouda, 2018).  
 
It is the existence and the nature of the informal sector that acts as a major block in ensuring 
compliance with the BMHR. The minimal investment required to set up informal units makes 
it extremely hard to keep account of the units and penalize for non-compliance (Toxics Link, 
2011).  
 
Environmental Targets 
 
The CPCB specifies emission standards to be complied with by the smelting units engaged in 
secondary production of lead. In order to be a registered recycler, the facilities have to comply 
with the regulations laid down for air quality control, waste water generation, and waste water 
discharge. Currently, there are 500 registered recyclers with a capacity of 41,03,298 MTA 
(MoEFCC, 2016). However, the presence of the informal sector, the lack of strict enforcement 
by the SPCBs, and the lack of registration of stakeholders imply that compliance to 
environmental standards is limited.  

 
Conclusions 
 
The present pathway (organized and unorganized) for recycling of lead batteries involves 
multiple actors — consumers, retailers, scrap dealers, formal and informal smelters, 
manufacturers and local battery manufacturers. Given the number of actors involved at 
different stages of collection, and recycling, it is imperative to stem leakages from the retailers 
for the policy to be environmentally efficient as well. While the DRS for used lead-acid batteries 
have brought a change in the behavior of consumers, with most of consumers returning the 
batteries back to the retailers; ensuring their recycling in environmentally friendly manner 
would further involve monitoring and enforcement of the regulations in the country and also 
providing the correct incentives to the actors. 
 
Lessons  
 
Most battery manufacturers do not comply with the provisions laid down in the BMHR 
(Occupational Knowledge International, 2010). Moreover, in the present scenario, the informal 
sector is able to provide better prices to the retailers and consumers and is thus able to procure 
more batteries than the registered recyclers (Gupt, 2012). In addition, the “Status Review 
Report on Implementation of BMHR, 2001 (as amended thereof)” highlights that the data 
compiled by the CPCB shows the slackness of the SPCBs/PCCs while complying with the 
BMHR (MoEFCC, 2016). The report also highlights the following issues in compliance with 
the BMHR, 2001:  

• Lack of credible data available in terms of lead batteries sold in the country 

• Lack of inventory of stakeholders  

• Inadequate action against non-complying stakeholders by the SPCBs (ibid). 
 
Reports also find that the current system is inadequate in collecting sufficient quantities of 
used lead batteries through formal sector channels to ensure environmentally sound recycling 
(Occupational Knowledge International, 2010).  
 
Challenges and Opportunities 
 
A significant share of recycling in India is done in the informal sector, which does not adhere 
to the environmental standards, leading to environmental damage and damage to the health 
of workers employed in these smelting units.  
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As highlighted above, the informal sector is able to provide a higher price to procure the used 
batteries (Dholakia and Jain, 2015). Additionally, the frequency of visits by scrap dealers 
versus the manufacturers plays an important role in determining whether the batteries are 
procured by the manufacturers or the informal sector. Manufacturers’ representatives collect 
the used batteries twice a month, while scrap dealers collect used batteries every ten days 
(Gupt, 2012). The less frequent visits mean higher storage costs for the retailer, thus creating 
a greater incentive to sell the batteries to the scrap dealers.  
 
The Way Forward 
 
The wider network and greater market penetration of the informal sector presents an 
opportunity that can be utilized by the formal sector to ensure the economic viability of battery 
recycling for registered recyclers.  
 
Firstly, the buy-back price that the retailer receives from the manufacturer should be such that 
the price the formal sector pays is higher than the price paid by the informal sector and should 
also take in account the storage costs borne by the retailer and the taxes paid. Another 
required change is to increase the frequency of collection by the formal sector. Such changes 
could bring efficiency across the recycling chain.  
 
Studies also suggest integrating the informal sector with the formal sector as a possible 
solution to stem the leakage to the informal sector. Gupt and Sahay (2015) suggest integration 
of the two sectors via a separate collection agency. The role of the agency would be to collect 
the used batteries from the scrap dealers and retailers and pass it on to registered recyclers. 
The formal sector would benefit by an increased supply of batteries and collection would 
benefit by an increase in the collection rate. Such an agency shifts the onus of collection from 
the manufacturers onto itself and the associated smelters. The manufacturers would, 
however, have the financial responsibility of paying a recycling fee to the government. This 
fee could then be used to subsidize the collection agencies and also enable them to offer 
higher prices as compared to the informal sector. With this change in the responsibility of the 
manufacturers, non-compliance would take the form of non-payment of the recycling fee or 
submission of false reports of battery production. 
 
Another possible scenario suggested by Gupt and Sahay (2015) is relaxing the BMHR to allow 
the manufacturers to buy recycled lead from those informal smelters that are following the 
pollution standards. In this scenario, the separate collection agency involves the infomal 
collection and smelting as well. The recycling fee that is collected from manufacturers would 
then be partly used to upgrade the pollution contol measures through the agency. In this 
manner, the manufacturers would be able to procure recycled lead from the informal sector at 
a lower rate, which would also create an incentive for the informal smelters to become 
registered. 
 
The above changes could go a long way in integrating the informal sector with the formal 
sector. More generally, there are a few issues in the present institutional arragement as well 
in terms of slackness of the authorities in collecting and maintaining up-to-date data on 
stakeholders, taking strict punitive action against non-compliance, and better coordination 
between central and state agencies, which, if rectified, could bring robustness into the system 
and ensure compliance.  
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Case Study 7. Upstream waste reduction through 

information disclosure: the case of PROPER in 

Indonesia 

Country: Indonesia 

Region: Southeast Asia 

Sector: Water 

Problem: Upstream Waste reduction 

Instrument: Information Provision 

Brief Overview:  
 
In 1980s, water pollution was severe in Indonesia due to rapid industrialization, fast population 
growth, and urbanization. In 1995, a new public disclosure program named PROPER was 
launched. PROPER selected companies that were considered as the major contributors of 
rivers pollution to be rated corresponding to a five-colour performance rating scheme - gold, 
green, blue, red, and black. These colours correspond to the different levels of pollution control 
performance. With gold and green ratings, the regulators aimed at encouraging clean 
technology adoption while with blue, red and black ratings social pressures was a force for 
compliance. Factories rated gold and green was public praised that brought about competitive 
advantages in the market. Factories rated blue, red and black were under legal enforcement 
and public pressure that influenced competitiveness. PROPER had yielded quick and positive 
responses in raising the level of environmental compliance among industrial firms and the 
positive impacts remained in the following months. PROPER’s success clearly demonstrates 
that the public at large, when empowered, can effectively monitor aberrations and violations 
in pollution control, as well as encourage good performance and movements toward green 
economy. 

 

Background Information 
 
Indonesian Waste Management Context 
 
In order to transform itself from a poor, agricultural based economy into one of the biggest 
industrial powerhouses in the South East Asia region, Indonesia has invested intensively and 
extensively in industrialization. In 1980s, Indonesia’s iron and steel production increased 
sharply, more than four-fold. Other industrial sub-sector producing footwear, textiles, paper 
products, glass, metal products and transport equipment doubled its products. It is also argued 
that industrialization led to a double in Indonesian average real income since 1980, and 
reduced more than a half the number of Indonesians living in poverty since 1970 (Afsah & 
Vincent, 1997) 
 
However, beside the positive outcomes, rapid industrialization together with fast population 
growth, and urbanization have been worsening the pollution problems in Indonesia, especially 
in and around the industrial areas. According to the Indonesian Ministry of Environment and 
Forestry, environmental degradation has augmented up to 40-50 percent of Indonesian area 
(Yosafat et al. 2017). As reported in Afsah and Vincent (1997), Indonesian industrial zones 
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had witnessed the degradation of air and water quality: the airborne concentrations of 
suspended particulate matter in Jakarta in 1978 was 40 percent exceeded the air quality 
standard recommended by the World Health Organization (WHO), and by 1988, this figure 
measured by the air-quality monitoring station in Jakarta was as much as twice the WHO’s 
standard; while the rivers were contaminated by industrial discharge such as biochemical 
oxygen demand (BOD) which rose rapidly “from 3-6 milligrams per litre in the early 1980s to 
more than 10 milligrams per litre by the early 1990s”.  
 
Institutional Context 
 
Facing rapidly environmental deterioration, the Ministry of Population and Environment had 
announced the PROKASIH program aiming at limiting and controlling the discharge of 
industrial effluent in rivers. The program was run by a number of government agencies, 
including the regional development planning board, the health department, the public works 
department, environmental study centres and laboratories. In 1990, the Government of 
Indonesia established the Environmental Impact Management Agency (BAPEDAL), which 
reported directly to the President’s office and was responsible for administering the program 
(Afsah & Vincent, 1997) Under the control of BAPEDAL, effluent discharge standards were 
set for some industrial sectors in 1991, however, in the coming years, the expansion of such 
standards to more industrial sectors was far from successful. MacAndrews (1994) reported 
that the authorities failed in 90 percent of all environmental and health court cases while 
BAPEDAL was considered to hold weak bargaining power to implement the discharge 
standards. Given the inefficiency of the "command-and-control" approach, in 1995 BAPEDAL 
launched a new program named the Program for Pollution Control Evaluation and Rating 
(PROPER) using the public disclosure of firms’ performances in terms of environmental 
responsibility as a substitute for regulations and law enforcement. 
 
Application of Market-based Instrument 
 
PROPER was launched in 1995 as a public disclosure program with the purpose of reducing 
water pollution at low regulatory cost. In the PROPER mechanism, BAPEDAL first selects 
companies that are considered as the major contributors of rivers pollution to be rated in the 
program. Then the PROPER Technical Team carries out the PROPER assessment in order 
to rate each firm corresponded to a five-colour performance rating scheme as shown in Table 
A7.1. García et al. (2009) report that the environmental authority was cautious about 
interpretation problems that may arise when using a simple binary indicator such as 
complied/not complied. So they developed a rating scheme that could recognize excellent 
performances as well as firms that were closed to compliance, while to some extent, could be 
easily understood by the major public. In the very beginning of the program i.e. June 1995, to 
maximize the impact and minimize the cost, BAPEDAL chose only 187 large polluting factories 
to participate in PROPER. After that, more firms were gradually included in the program. 
Eventually, the number of participants reached 324 by June 1998. The performance rating 
process is displayed in Figure A7.1 presenting the whole process from choosing polluters till 
publicly disclose the rating results. 
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Table A7.1. PROPER Colour Rating 

Colour Specification 

Gold Firms that have consistently demonstrated environmental excellence in terms of 

production or service processes, conducting business ethically and responsibly 

towards society. 

Green Firms that have performed environmental management as required in 

accordance with any applicable laws. 

Blue Firms that have performed environmental management as required in 

accordance with any applicable laws. 

Red Firms that have performed environmental management, however does not meet 

requirement stipulated in the law. 

Black Firms that intentionally perform any act or omission that leads to pollution or 

environmental damage and violations of laws and regulations applicable or not 

carrying out administrative sanctions handed down to them. 

Source: Reliantoro (2012) 

 

Figure A7.1. PROPER Performance Rating Process 

 

Source: Afsah and Vincent (1997) 

 

When rating the firms, PROPER considers not only compliance criteria but also out-of-
compliance criteria. The compliance criteria refer to aspects related to controlling and 
monitoring pollution while the out-of-compliance criteria aim at encouraging firms to move 
toward green production. The compliance criteria include: 

- “Environmental documents and reporting: In carrying out any activity, companies must 
be equipped with environmental permits, and an environmental document such as an 
Environmental Impact Assessment (EIA) report and/or an Environmental Management 
Effort/ Environmental Monitoring Effort report and must also comply with regulation 
that is reported regularly as per requirement. 

- Water pollution control: A wastewater disposal permit is the required document to 
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discharge wastewater into the environment. It regulates threshold limits of wastewater 
quality and quantity which should be checked at the point of compliance regularly, 
measured with required equipment, and tested in an accredited laboratory to ensure 
the compliance with the water pollution control law. 

- Air pollution control: In order to meet air pollution control criteria, all emission sources 
must be identified and monitored. Companies are required to fulfil emission standards 
in terms of measured parameters, frequency of monitoring, and sampling apparatus. 

- Toxic and hazardous waste management: This criterion requires a thorough toxic and 
hazardous waste inventory and management license for continued processing. 

- Marine pollution control: Companies are obliged to have wastewater disposal permits 
and comply with the requirement on the permit. 

- Potential of land degradation criteria: This special criterion for mining activities was 
established in 2011. This criterion is based on best mining practices, which includes 
managing land clearing, maintaining height and slope level for stability based on a 
feasibility study, building erosion control facilities, and a good drainage system.” (Fitri, 
2013, p. 12) 

 
The out-of-compliance criteria include aspects that are related to efficiency in consuming and 
producing, and internalizing environmental and social costs, such as: 

- “Environmental management system which can influence customers and suppliers to 
practice good environmental management; 

- Energy efficiency that comprises four scopes of activities, which are production 
process and utility system, replacement of less environmentally friendly machineries 
or production process, buildings and transportation; 

- Emission reduction including reductions of pollutants and greenhouse gases through 
usage of renewable energy and more environmentally friendly fuels; 

- Reduce, reuse, and recycle of toxic and hazardous waste; 
- Reduce, reuse, and recycle of non-toxic and non-hazardous solid waste; 
- Water conservation and reduction of wastewater pollution load; 
- Biodiversity protection through conservation activities and building information system 

of biodiversity status and company’s activities; 
- Community development program that accommodates community needs. The 

program should be arranged based on social mapping in order to find out detailed 
conditions and social networks of neighbouring communities, social problems, and 
identification of potentially vulnerable groups. The program should be designed for the 
long term, with an annually updated yearly plan. The planning process should involve 
the community, and the program should have indicators for evaluation.” (Fitri, 2013, 
pp. 12, 13) 

 
Although being the first practice of a national public disclosure program among developing 
countries and was disrupted in 1998 due to the effects from the Asian financial crisis, PROPER 
has yielded quick and positive responses in terms of raising the level of environmental 
compliance among industrial firms (García et al., 2007). Table A7.2 shows the changes in 
rating results from June 1995 to July 1997. In addition, Afsah and Vincent (1997, p. 13) report 
that “[i]n just six months, PROPER raised the compliance rate from 36 percent to 41 percent.” 
There was also a sign of favour and confidence for the program as shown by the doubling of 
the number of facilities that contacted BAPEDAL (the Government of Indonesia’s 
Environmental Impact Agency) to volunteer in the program (from 11 to 25). The response was 
immediate yet remained positive in the following months: “[m]ore than a quarter of the facilities 
rated red or black in December 1995 improved their ratings to blue or green by September 
1996” (Afsah & Vincent, 1997, p. 13). In additional, in only almost two years (June 1995 – 
March 1997), PROPER had shifted compliance rate of the pilot program subjects, selected 
from three river basins, from 35 percent to 51 percent (Torres & Kanungo, 2003). Moreover, 
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PROPER was found to be accounted for reducing the emission levels of industrial polluters 
represented by biochemical oxygen demand and chemical oxygen demand, especially that of 
factories with poor/low environmental compliance records. 

 

Table A7.2. Changes in Rating Results from June 1995 to July 1997 

Rating June 1995 Declined No change Improved Total 

Change in ratings June 1995–December 1995 

Black – 1 4 (1) 5 

Red 1 66 23 90 

Blue 13 32 1 47 

Green 1 (1) 2 0 3 

Gold 0 0 – 0 

Total 16 101 28 145 

Change in ratings June 1995–July 1997 

Black – 0 5 (4) 5 

Red 3 50 37 (1) 90 

Blue 13 29 5 47 

Green 2 1 0 3 

Gold 0 0 – 0 

Total 18 80 47 145 

Notes: The numbers in parentheses indicate the number of firms that improved or declined 

two ratings with respect to their initial rating in June 1995. Source: García et al. (2009) 

 
In 1998, the financial crisis hit most of the Indonesian public agencies’ activities and programs, 
including PROPER, badly. According to Afsah and Damayanti (1999), the financial crisis 
dramatically damaged PROPER through three channels: reduction in the government budget 
on environment, increasing in cost of pollution control due to depreciation of the Indonesian 
currency, and shifting of public interest from pollution issues to basic needs. Later, thanks to 
the strong support from the press, the non-government organizations (NGO) and the general 
public; and the recovery of Indonesian economy, PROPER had been revived and become an 
example of a successful public disclosure model. Figure A7.2 displays the compliance 
performances of PROPER’s participants from 2002 to 2009 which implies a tendency of 
increasing in complying rate and reducing in not-complying rate. 
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Figure A7.2. The Compliance Performances of PROPER’s Participants 2002 – 2009 

 

Source: Hamdani (2010) 

Assessment of PROPER in Indonesia  
 
Informational Requirement 
 
Information plays a vital role in the PROPER mechanism, from selecting participants to public 
disclosure. PROPER utilizes the information achieved by BAPEDAL’s prior programs like 
PROKASIH to identify the major industrial water-polluting sources. In particular, BAPEDAL 
acknowledged from 1500 to 2000 firms that contributed about 80% to the total pollution 
(García et al., 2009). The data was comprehensive enough for PROPER, in the first year, to 
choose significant polluters located in a relatively small region so that the quality and integrity 
of the program could be maintained at a minimum cost. Out of 1500-2000 large pollution 
contributors, PROPER started with 187 companies in June 1995 and reached 324 by June 
1998. 
 
PROPER’s information accuracy is considered trustworthy. After selection of participants, 
PROPER collects both self-assessment data provided by the companies per se as well as 
primary field data from environmental inspectors. Data sources include self-monitoring reports 
by firms, primary data by PROPER Technical Team, and monitoring data by local government. 
Data from various sources were well validated, resulting as “[a] number of facts indicate that 
intentional or unintentional miss-measurements of effluents were minimized in PROPER.” 
(García et al. 2009, p. 7), 
 
As a public disclosure program, PROPER rating scheme was considered intelligible and 
explicit while remains informative to community, media, and essentially consumers. At the final 
stage of PROPER – public disclosure of ratings, the stakeholders (including government 
agencies, company owners/managers, environmental and society organizations, investors, 
consultants, and the public at large) benefit from the five-colour rating scheme which is able 
to capture excellent performances as well as almost-compliance firms.  
 
The way of carrying out the public pronouncement also enhances the impact of PROPER. The 
full rating results are disclosed, industry by industry, along with the announcement of PROPER 
Award for Gold and Green Rated Companies. For instance, “[i]n June 1995, the Minister of 
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Environment publicly awarded green ratings to 5 facilities.  The media gave heavy coverage 
to the awards, and the companies receiving them reaped much favourable publicity.” (Afsah 
& Vincent, 1997, p. 12) 
 
Regulatory Burden 
 
Relatively high operation costs might be PROPER’s main regulatory burden. Maintaining the 
accuracy and integrity of the program while operating on a relatively small budget is a veritable 
challenge for information provision instruments. Travel costs in PROPER keep the program’s 
scope from expanding. Hamdani (2010) argues that the number of PROPER participants (627 
in 2008-2009 period) is still small compared to the number of companies having Environmental 
Impact Assessment  (more than 8000 companies)18.  In addition, from the very beginning, the 
location of facilities was very important in the selection of participants. PROPER tends to 
choose significant polluters located in regional clusters to minimize travel costs in the process 
of collecting primary field data. 
 
Maintaining trust of consumer on the rating system has been a challenge for the RROPER. 
For an information provision instrument, consumers’ reactions to the ratings decide the 
success and effectiveness of the program. At first, given that the program has been technically 
and financially sponsored and supported by the World Bank, PROPER appeared to have good 
reputation among the public, community, and the NGOs. However, PROPER has been lacking 
stakeholder participation. A survey by Fitri (2013) in 2011 suggested that development of 
share goals about the community and NGOs participation process was absent as well as the 
efforts of capacity building for the public and/or NGOs to participate in PROPER assessment 
process. Moreover, protests against PROPER ratings were not taken seriously by the 
government and were perceived as “common reactions from NGOs due to their extreme 
standpoint about environmental protection, opposition to companies, demanding for direct 
punishment for violators and also mandate of NGOs to be critical to the government” (Fitri, 
2013, p. 23). 
 
Political Feasibility 
 
PROPER gained high political feasibility and is well received by the public society. Compared 
to other market-based instruments, public disclosure of firms’ environmental performance is 
considered to have faster and shorter implementation process and to be able to eliminate 
negative consequences such as reducing in business environment competitiveness, 
emissions leakage, and distributional effects across public society. Torres and Kanungo 
(2003, p. 6) argue that “the implementation strategy is a success due to opportunities 
leveraged by BAPEDAL in terms of strong political support for the program, willingness of the 
community to participate in this endeavour, and building on the experiences gained in the 
PROKASIH initiative.”  
 
The implementation of information disclosure instrument has put a pressure on organizational 
transformation of the public agencies that involved in the policy process. Prior to PROPER, 
BAPEDAL was perceived as relatively weak and lacked bargaining power in forcing 
companies to comply with the regulations (MacAndrews, 1994) due to the lack of financial and 
human resources, and the ineffective and corrupted judiciary system. After the information 
instrument was implemented, companies faced the risk of exposure to the public which could 
lead to protests and boycott from community and consumers. BAPEDAL had to restructure to 
improve its operations in terms of technical capability such as data collection and analysis. 

                                                

18 The number of participants reached 1317 in 2012 (Fitri, 2013) which is still a small proportion. 
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Static Efficiency 
 
PROPER has been an example of successful practice of information disclosure instrument in 
the developing world in terms of decreasing pollution levels and increasing compliance levels. 
First, the number of companies complying with Indonesian environmental regulation in both 
periods before and after the disruption due to the Asian Financial Crisis in 1998. In the period 
before 1998, thanks to PROPER rating scheme, BAPEDAL could urge the companies to 
improve their performances within six months. PROPER was reported, by Afsah and Vincent 
(1997), to have immediate positive response (in just six months since the initial ratings in June 
1995, the compliance rate had increased from 36 to 41 percent). The compliance rate 
continued to increase in the following years and reached 51 percent in March 1997. In addition, 
PROPER was responsible for the reduction in emission levels of industrial polluters 
represented by biochemical oxygen demand and chemical oxygen demand, especially that of 
factories with poor/low environmental compliance records (Blackman et al., 2004). After being 
revived, PROPER continued increasing the compliance rate (see Figure A7.2). 
 
PROPER has succeeded in increasing the number of participants in the program. By 
regulations, participation is compulsory for selected firms, besides, a number of companies 
have been joining in the program voluntarily. From only 187 large polluting plants in the first 
wave of ratings in June 1995, the number of PROPER participants reached 1317 companies 
in 2012. Figure A7.3 gives a demonstration of the number of participating companies in 
PROPER and their compliance rate from 2002 to 2012. It is observed that while the number 
of participants increases constantly, the compliance rate slightly fluctuates as new companies 
were added into the program. 
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Figure A7.3. The Number of Participating Companies in PROPER and Their Compliance Rate 
from 2002 to 2012 

 
Source: Hidup (2012) as in Fitri (2013) 

Dynamic Efficiency 
 
Programs like PROPER, in theory, could create different market consequences for the 
participated firms as well as incentives for firms to move into green production by installing, 
using, developing, and implementing innovations and technologies that enhance sustainable 
energy consumption and production. However, serious impact evaluation of the PROPER on 
firm’s behaviors and its market consequences is very limited. Most studies focused on 
environmental outcomes of the PROPER.  
 
Blackman et al. (2004) show that the firms rated lower rank (Red and Black) are more likely 
to try to upgrade their rating status through rapidly installing the basic abatement equipment 
in order to be sufficient to move out of the Red and Black rating range. Hadami (2010) reported 
that there was a shift paradigm of companies participated in the PROPER from “just comply” 
to “efficiently comply” by investing in innovation and abatement technologies. The PROPER 
was also reported to create business opportunities related to environmental services.  
 
One of the long-term potential impacts of the PROPER is that information disclosed by the 
program may help improve the business environment by eliminating asymmetric information. 
Consumers, environmental activists, and investors could have a clearer judgment and vision 
on a firm’s performance. However, concrete evidences for this impact have not been available. 
Besides, PROPER was reported to have an impact on BAPEDAL by enhancing the authority’s 
technical capability and operations (Torres and Kanungo, 2003). PROPER has been inspiring 
other developing countries to develop similar programs to deal with pollution such as the 
Philippines’ Eco-watch and schemes proposed in Thailand, Colombia and India (Afsah and 
Ratunanda, 1999; Torres and Kanungo, 2003). 
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Efficacy in reaching environmental target 
 
PROPER has been successfully reducing pollution effluents in many different aspects. Garcia 
et al (2007) analysed changes in emissions concentrations of participating firms and compared 
with a control group. The authors showed that there was immediate positive response of firms 
to PROPER and the emission reduction lasted in the following months. Results from the panel 
data of about 3,500 firms shown the substantial impact – 32 per cent of reductions in 
biochemical oxygen demand (BOD) and chemical oxygen demand (COD).  
 
In terms of hazardous waste management, PROPER helped increase the total of managed 
hazardous waste while constraining the total hazardous waste generated (see Figure A7.4). 
From 2006 to 2008, the quantity of treated hazardous waste increased from 5 million to 7.6 
million tons while the total hazardous waste generated increased from 6.7 million to 10.9 
million tons in the period of 2006 – 2007 and showed stagnation in the period of 2007 – 2008 
(10.9 million to 11 million tons). During the period from 2008 to 2009, the gap between treated 
and generated hazardous waste became closer in mining, energy, oil & gas industries and 
manufacturing & agro-industries. 
 

Figure A7.4. Improvement of Hazardous Waste Management (2006 – 2008) 

 
Source: Hamdani (2010) 

Conclusions 
 
Lessons 

 
PROPER’s success in shifting from command-and-control approach to information 
instruments clearly demonstrates that the public at large, when empowered with access to 
firms’ environmental performance information and the capacity to react to such information, 
can actively, effectively, and efficiently monitor aberrations and violations in pollution control, 
and can encourage good performance and movements toward green economy. Torres and 
Kanungo (2003) suggest that the public disclosure program is a successful paradigm thanks 
to strong political support leveraged by BAPEDAL, valuable experiences from the PROKASIH 
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initiative, and willingness of the community to enhance and participate in the process. There 
are a number of lessons emerging from RPOPER as the followings: 

- When being taken seriously, public judgment is an effective tool for monitoring and 
implementing environmental regulations. The NGOs and community, especially the 
consumers, can strongly influence firms’ decisions towards pollution control problems 
using their purchasing power and the right to protest empowered by the access to 
accurate information. Hence, public attitude can be utilized as a feasible alternative to 
the formal enforcement efforts from the government. 

- Information disclosure program like PROPER helps adjust the positions and relations 
between economic agencies (government, consumer, producer, investor, and the 
community) due to the interaction of these forces during the process of rating and 
disclosing firms’ environmental performance information. The more extensive the 
information access is, the stronger the effects on the production process appear. 
Rating results provide consumers the chance to employ their purchasing power to 
support and enhance environmentally friendly products as well as boycotting polluting 
companies. For workers, companies that are environmentally friendlier would be more 
attractive in terms of financial stability and labour/working safety. Finally, in the capital 
market, as the world economy is turning into sustainable with higher environmental 
standards, investors would consider companies with good environmental performance 
as more stable options. 

- Accurate and timely information is crucially important in the information disclosure 
mechanism. High quality data enables the program to provide reliable rating results 
which is vital for the rating scheme’s credibility. Moreover, information needs to be 
disclosed timely that the stakeholders, including the government agencies, NGOs, and 
the public, can make appropriate valuation and reaction. 

- The nature of the community per se and the heterogeneity of communities are pivotally 
important. Communities with different characteristics and levels of communication 
would receive and react differently to the rating results, for example, communities with 
lower education level or lower income would hold less control and bargaining power 
than the higher educated or wealthy ones. Therefore, the way of disclosing 
environmental performance information, the dissemination of regulations, and the 
regulations need to be customized rather than enforcing uniform ways of 
communication and regulatory standards. 

 
Evaluating impacts of PROPER should be considered within the context of other rating 
schemes which were implemented at the same time of PROPER such as ISO 14000 
certification, Lembaga Ekolabel, and other small-scale schemes. While Lembage Ekolabel 
focused on forest certification, the most significant link to PROPER was the ISO 14000 
certification. Blackman et al (2004) finds that PROPER was effective when targeted at firms 
that seek to participate in the ISO 14000 certification. 
 
Challenges and Opportunities 
 
As the first practice of information disclosure model in the developing world, PROPER faced 
many challenges yielded from credibility challenges, uncertainty of public reaction, selection 
of participant, and sufficiency of media coverage.  
 
First, the lack of sustainable and enduring public trust would sabotage the impact of the 
program’s results and the whole process. In the case of PROPER, thanks to the technical and 
financial support from the World Bank, and great efforts in maintaining high accuracy of ratings 
from the PROPER technical team and advisory board, BAPEDAL gain public trust and open 
the opportunity for widening program’s scope. 
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Second, another challenge lies in the uncertainty of public reaction to the performance rating 
scheme. There has been controversy over PROPER’s five-colour rating scale and some of its 
results; such disagreement had arisen from both the stakeholders and the rated companies. 
This type of reaction poses to the program administration agency and the government the 
challenge of settling disputes and improving their rating techniques as well as transparency. 
 
Next, the choosing of participant could appear to be a challenge in terms of inappropriate and 
bias selection. As participation is compulsory for selected companies, these companies might 
protest over the decision while NGOs and the public at large might be displeased about such 
selection, too. Given that the selection is mainly affected by the availability of data within a 
limited budget, this challenge forces the program administrators and the government 
regulators to invest more in their environmental quality monitoring system in order to maximize 
data availability. 
 
The final challenge emerges from the insufficiency of media coverage. While the good 
performers would actively and maybe relentlessly promote themselves as environmentally 
friendly producers to the public, there might be a lack of adequate media coverage regarding 
the bad/worst performers. If the inadequacy continues, the risk of facing boycott from the 
community due to information disclosure will reduce over time and may eventually vanish. 
Therefore, the incentive to improve and innovate the production process toward green 
economy would decrease and be minimized. As a consequence, good performers would be 
discouraged to participate in the process while bad performers would give no attention to the 
rating results. 
 
Scale-up Potential 
 
The biggest challenge in scaling up PROPER is to include small and medium enterprises 
which are not well known to the public and own poor data. Moreover, an effective disclosure 
program in the whole countries are a big concern when studies shown that environmental 
performance in PROPER was much worse in poorer, less educated communities (Afsah and 
Vincent, 1997).  
 
Public information disclosure program like PROPER, nonetheless,  could reach a greater 
scope and achieve larger impact when the stakeholders’ participation is taken seriously. 
Stakeholders of such program include government, NGOs, investors, suppliers, consumers, 
employees, the public at large, and the companies as well. PROPER could magnify its impact 
and success following some suggestions as below: 

- The program needs to have the ability to create a shared goal with these 
stakeholders and encourage them to commit in achieving the goal. This is expected 
to help in educating the public about environmental protection and pollution control. 
The improvement in environmental management thanks to public engagement 
related to PROPER should communicated publicly and widely so that the public 
could recognize the benefits of their involvement in the process. 

- In relation to support from the government, sufficient human resource and adequate 
financial budget are vital in widening program coverage and ensuring that the rating 
process is conducted properly. The legal framework should encourage 
communication between PROPER and other environmental monitoring agencies, 
between the government and the external community. 

- In addition, it is important to have the capacity for stakeholders to participate, to some 
extent, in the rating process, so that their opinion would be taken into decision-
making process which enhances the program’s transparency. Besides field 
verification conducted by PROPER itself, the rating process should give room for 
collecting information, data, and opinion from local/provincial government to reduce 
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missing information of environmental cases handled by provincial agency (there 
have been some protest against good rating companies which are currently being 
sued at provincial courts). 

- Finally, partnerships with social organizations and NGOs should be favourable and 
encouraging. These partnerships would improve PROPER’s availability of data as 
well as dissemination and transparency, and give room for reciprocated trust, which 
will then lead to a higher level of environmental management and pollution control. 
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Case Study 8. Payment for Ecosystem Services - The 
case of watershed protection in Viet Nam 

 

Country: Viet Nam 

Region: Southeast Asia 

Sector: Water 

Problem: Failure to value and Protect ecosystem services 

Instrument: Payment for Ecosystem Services 

Brief Overview:  
 
Degradation of watershed has been an alarming phenomenon in Viet Nam for decades. 
Together with the decentralization of forest management that started in early 1990s, 
Vietnamese government established conditions to support Payment for Forest Environmental 
Services (PFES) pilot projects in Lam Dong and Son La Provinces in 2008. Using results from 
these pilot projects, the government decided to scale up and mandated the implementation of 
PFES nationwide from January 2011 by Decree No. 99. Payment for watershed ecosystem 
services in Viet Nam has succeeded in developing a relatively complete legal framework and 
institutional arrangements that enable the implementation of a nationwide scheme. From 2008 
to 2016, 42 PFPDFs out of 63 provinces were established, involving more than 100,000 forest 
service providers who protect 3.3 million hectares of forest, accounting for 27 percent of Viet 
Nam’s total forested area.  

 

Background Information 
 
Overview of water sector in Viet Nam 
 
Viet Nam has an abundant water resource, both surface water and ground water. However, 
regional and seasonal differences cause serious shortages of water during the dry season in 
many areas, especially the basins of the Dong Nai River in South Viet Nam and the Southeast 
provinces. In addition, under pressure from economic development and urbanization, water 
demand has increased while water quality has deteriorated (UN-Water, 2013). Water 
management in Viet Nam is a complex environmental issue since it involves many aspects, 
including water resources management, water quality control and watershed management 
(Loan Nguyen, 2013).  
 
Watershed areas cover two thirds of the area of Viet Nam (Bunnara et al., 2004). The 
watershed services provided by forests play an important role in socio-economic development, 
especially in areas with a high proportion of ethnic minority groups where agriculture and 
hydropower contribute greatly to the livelihood of the people. However, over-exploitation of 
watershed forests has led to serious depletion of the forest resources. As the result, watershed 
management is a great challenge that the government of Viet Nam has been facing in recent 
years. 
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Institutional context 
 
According to the 2012 Law of Water Resources, the Ministry of Natural Resources and 
Environment has the main responsibility for the management of water resources, the 
promulgation of technical regulations, standards on water quality, and obligations for water 
quality monitoring of public water bodies. In addition, there are several other ministries 
involved in managing water problems in Viet Nam, including the Ministry of Agriculture and 
Rural Development, the Ministry of Construction, the Ministry of Health, the Ministry of Science 
and Technology, and the Ministry of Finance. In particular, forests and watershed areas in Viet 
Nam are managed by the Ministry of Agriculture and Rural Development. In 2008, The Viet 
Nam Administration of Forestry was established as an agency under the Ministry of Agriculture 
and Rural Development. The function of the Viet Nam Administration of Forestry is assisting 
the Ministry of Agriculture and Rural Development in managing forestry in the country. 
Besides, each province also has the Department of Forestry which is responsible for forest 
management at the provincial level. 

 
Application of Market-Based Instrument 
 
In Viet Nam, forest and forestland are owned by the government, and are contracted to 
individuals and communities for use and management. During the past decades, the 
government of Viet Nam has made substantial efforts to protect and to promote the 
sustainable development of forest resources. In 2010, Viet Nam became the first country in 
Asia to institutionalize a national policy on Payment for Forest Environmental Services (PFES) 
through Decree No. 99/2010/ND-CP (Pham et al., 2013). Especially, PFES for watershed 
protection has been clearly mentioned in Article 7 of Decree No. 99 as follow: 
 
“Hydropower production facilities must pay for services for soil protection, reduction of erosion 
and sedimentation of reservoirs, rivers and streams, and for services for regulation and 
maintenance of water sources for hydropower production”. 
 
Prior to the introduction of PFES programs, the Government of Viet Nam launched two large-
scale afforestation projects, including Program 327 (from 1993 to 1998) and Program 661 
(from 1998 to 2010). The purposes of these programs are (1) to increase the nationwide forest 
coverage, (2) to create jobs for poverty reduction, and (3) to provide forest products for 
domestic consumption and export (Wunder and Ibarra, 2005; Suhardiman et al., 2013). Until 
2008, the government developed a pilot program for forest environmental service charge 
payment through Decision No. 380/QD-TTg/2008 of the Prime Minister. The pilot sites 
included Son La province (watershed of Da River) and Lam Dong province (watershed of 
Dong Nai River). Besides, in 2008, the government also issued Decree No. 05/2008/ND-CP 
on the establishment of a forest protection and development fund to support the PFES 
implementation. The major objective of the Fund is to “mobilize social resources for forest 
protection and development, contributing to practice the socialized forest activities”. The Fund 
are set up at central and provincial levels. At the central level, Viet Nam Forest Protection and 
Development Fund (VNFF) is established and managed by the Ministry of Agriculture and 
Rural Development. At the provincial level, Provincial People’s Committees are responsible 
for management of Provincial Forest Protection and Development Funds (PFPDFs).  
 
After two years of PFES pilot phase (from 2008 to 2010), in September 2010, the Government 
of Viet Nam continued to issue Decree No. 99/2010/ND-CP on the implementation of PFES 
nationwide policy.  
 
The scope of Decree No. 99 covers five types of forest environmental services:  

1) Watershed protection, for hydropower plants; 
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2) Water supply/quality maintenance, for water supply companies; 
3) Natural beauty and biodiversity, for tourism companies;  
4) Carbon sequestration and storage, for combating global climate change;  
5) Fisheries nursery, habitat, and other ecosystem services, for aquaculture farmers.  

 
Currently, most of the PFES schemes in Viet Nam apply indirect payment modality through 
forest protection and development funds (VNFF and PFPDFs). In 2009, there were only 4 
provinces, which established PFPDFs (Lam Dong, Son La, Lai Chau, and Dak Nong). And by 
2016, 42 PFPDFs were established nationwide (VNFF, 2016). 
 
Determination of payment level 
 
PFES for watershed protection is based on a principle by which the beneficiaries of watershed 
services are required to pay a fee to compensate suppliers for providing these services. The 
beneficiaries are also called buyers of forest environmental services. Therefore, stakeholders 
of a PFES scheme include buyers (e.g. hydropower plants, fresh water supply companies, 
and tourism operators), suppliers/providers (e.g. organizations, communities, households, and 
individuals), and intermediaries (e.g. FPDFs, VNFF, Commune Peoples’ Committees, Forest 
Protection Department, Department of Forestry, and Viet Nam Forestry Administration). 
Decree No. 99 set an environmental service fee at 20 VND/kWh of commodity electricity 
produced by hydropower plants; or 40 VND/m3 of commodity water produced by water supply 
companies; or 1%-2% of tourism companies’ annual gross revenues. 
 
Moreover, according to Decision No. 380 and Decree No. 99, payments to forest owners are 
calculated by formula: 
 
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑝𝑎𝑖𝑑 𝑡𝑜 𝑓𝑜𝑟𝑒𝑠𝑡 𝑜𝑤𝑛𝑒𝑟 (𝑉𝑁𝐷)

= 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑒𝑒 𝑝𝑒𝑟 ℎ𝑒𝑐𝑡𝑎𝑟𝑒 𝑜𝑓 𝑓𝑜𝑟𝑒𝑠𝑡 (𝑉𝑁𝐷/ℎ𝑎) × 𝐹𝑜𝑟𝑒𝑠𝑡 𝑎𝑟𝑒𝑎 𝑚𝑎𝑛𝑎𝑔𝑒𝑑 (ℎ𝑎)
× 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝐾 

 
Where, averaged payment rate per ha of forest is total received from use of the environmental 
service after the management fee (10% of total gross revenue) and reserve fund contribution 
(5%), divided by total area of forest (hectares) under contract to provide forest environmental 
services. And coefficient K is used to adjust payment levels for different forest areas. It 
depends on four factors:  

- Forest status (the ability to produce forest environmental services: 𝐾1 = 1.00 for rich 

forest, 𝐾1 = 0.95 for medium forest, and 𝐾1 = 0.90 for poor and restoration forest);  
- Forest functional type (𝐾2 = 1.00 for special-use forest19, 𝐾2 = 0.95 for protection 

forest20, and 𝐾2 = 0.90 for production forest21);  

- Origin of forest (𝐾3 = 1.00 for natural forest, and 𝐾3 = 0.90 for plantation forest); 
- The degree of difficulty of forest protection (𝐾4 = 1.00 for very difficult; 𝐾4 = 0.95 for 

difficult; and 𝐾4 = 0.90 for not very difficult). 
 
In general, the structure of PFES revenue distribution in Lam Dong and Son La can be 
summarized through benefit-sharing mechanism as Figure A8.1. 

                                                

19 Special-use forests are used mainly for conservation of nature, specimens of the national forest 
ecosystems and forest biological gene sources; for scientific research; protection of historical and 
cultural relics as well as landscapes; in service of recreation and tourism in combination with protection. 
20 Protection forests are used mainly to protect water sources and land, prevent erosion and 
desertification, restrict natural calamities and regulate climate. 
21 Production forests are used mainly for production and trading of timber and non-timber forest 
products in combination with protection. 
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Figure A8.1. The structure of PFES revenue distribution in Lam Dong and Son La 

 

 

Payment for forest environmental services: the cases of watershed protection in Son 
La province and Lam Dong province  
 
Son La province and Lam Dong province were two provinces with different forest ecosystems 
selected for the PFES pilot phase, from January 2009 through December 2010. Lam Dong is 
in the Central Highlands and Son La is in the north of Viet Nam. After the implementation of 
PFES nationwide policy through Decree No. 99, PFES policy has continued to perform in 
these provinces up to now.  
 

1) PFES in Lam Dong Province 
 

- Types of forest environmental services 
 
There are three types of watershed ecological services in Lam Dong. They are water 
regulation, soil protection and scenic landscape preservation.  
 

- Stakeholders 
 
Stakeholders of PFES scheme in Lam Dong are service providers, service buyers, and 
administrators. Service buyers include two hydropower plants (the Dai Ninh hydropower plant 
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in Binh Thuan Province, and the Da Nhim hydropower plant in Ninh Thuan Province); two 
water supply companies (the Sai Gon Water Supply Company in Ho Chi Minh City, and the 
Dong Nai Water Supply Company in Dong Nai Province); and nine tourism operators in the 
Lam Dong forest area. Service providers are individuals, households, and communities who 
have been allocated forest land in the headwater areas of the Dong Nai River watersheds. 
Intermediaries are the Ministry of Agriculture and Rural Development (MARD), Viet Nam 
Forest Protection and Development Fund (VNFF), Lam Dong Department of Agriculture and 
Rural Development, and Lam Dong Forest Protection and Development Fund. Besides, 
United States Agency for International Development (USAID), through Winrock International, 
has supported the government of Viet Nam in implementing the PFES scheme in Lam Dong 
Province (Nguyen et al., 2011; To et al., 2012; EEPSEA, 2013; Suhardiman et al., 2013). 
 

2) PFES in Son La Province 
 

- Types of forest environmental services 
 
Two main types of watershed ecological services in Son La are water regulation and soil 
protection.  
 

- Stakeholders 
 
Stakeholders of PFES scheme in Son La include service buyers, service providers and 
intermediaries. Service buyers are two state-owned hydropower plants (the Hoa Binh 
hydropower plant in Hoa Binh Province, and the Suoi Sap hydropower plant in Son La 
Province); and one water supply company (the Son La Water Supply Joint Stock Company in 
Son La Province). Service providers are all forest holders in the headwater areas of the Da 
River watersheds, they are local farmers, local farming households, and local farmer 
communities. Intermediaries are the Ministry of Agriculture and Rural Development (MARD), 
Viet Nam Forest Protection and Development Fund (VNFF), Son La Department of Agriculture 
and Rural Development, and Son La Forest Protection and Development Fund. Additionally, 
German Agency for International Cooperation (GIZ) is international organization that supports 
finance and technique for PFES scheme in Son La Province (Hess and To, 2011; To et al., 
2012; Suhardiman et al., 2013).   
 

Table A8.1. Status of PFES for watershed protection in Son La and Lam Dong 

 Son La Lam Dong 

PFES money collected (thousand VND) 
2011-2014 305,202,091 554,454,345 

2015 122,230,397 114,672,866 

Total forest area (ha) 2015 633,714 532,080 

Forest area providing PFES (ha) 2015 618,992 357,412 

% of forest area providing PFES 2015 98% 67% 

Total households receiving PFES money 2015 41,649 17,073 

Averaged payment rate per hectare of forest 

(VND/ha/year) 

Max rate 211,000 495,000 

Min rate 13,900 385,000 

Source: VNFF (2016) 
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Table A8.1 shows status of PFES schemes for watershed protection in Son La and Lam Dong 
in 2015. 
 
Currently, there are three PFES payment modalities being applied in Viet Nam: (1) payment 
by average to whole main river basin; (2) payment by the rate of each reservoir or by average 
to all reservoirs within the tributary river basin; and (3) payment by average to whole province. 
Son La and Lam Dong provinces are applying payment modality by average to whole main 
river basin. Averaged annual payment rate per hectare of forest in Son La ranges from 13,900 
VND to 211,000 VND, while this payment rate in Lam Dong is from 385,000 VND to 495,000 
VND. Generally, payment rate per hectare in Lam Dong is higher than payment rate in Son 
La (see Table A8.1). 
 
Table A8.1 also shows that total protected forest area (forest area providing PFES) in Son La 
is 618,992 ha, accounting for 98% total forest area of whole province. However, forest area 
providing PFES in Lam Dong only accounts for 67% (total forest area in Lam Dong is 532,080 
ha, while total protected forest area is only 357,412 ha). In addition, the data provided by VNFF 
(2016) pointed out that as of the end of 2015, there are 41,649 households in Son La and 
17,073 households in Lam Dong that have participated in protecting forest for providing PFES 
and received PFES money for their contribution. 

 
Assessment of PFES Schemes in Viet Nam: The Cases of Watershed 
Protection in Son La Province and Lam Dong Province.  
 
Informational requirement  
 
Stakeholder’s information perception was one of the most information-related challenges that 
the implementation of the PFES for water sector in Viet Nam has faced. In principle, if 
stakeholders can access to PFES scheme-related information easily and fully, they will 
participate in PFES scheme more responsibly and proactively (EEPSEA, 2013). However, in 
Viet Nam, the forest-rich areas are usually the poorest provinces in the country, and service 
providers for watershed protection are usually poor, undereducated, and under-access of 
information. As the result, it is not easy for them to understand what environmental services 
are and how PFES schemes work (EEPSEA, 2013). Results of survey conducted by EEPSEA 
(2013) showed that most of the forest holders in Lam Dong province were ethnic 
minority people with low levels of education. About 27% of the total households participated 
in the PFES scheme were unaware of the government’s forest planting programs. The 
remaining participants said that they knew about PFES scheme but many of them do not fully 
understand this scheme. 
 
Another shortcoming of PFES schemes for watershed protection is that PFES scheme-related 
information in Viet Nam is difficult to access (McEwin and Nguyen, 2015). In particular, access 
to information on water flow regulation and water quality was limited. Hydrological information 
of forested catchment areas is monitored and recorded by three institutions belong to the 
Ministry of Natural Resources and Environment namely (1) Department of Water Resources 
Management, (2) National Centre of Water Resources Planning and Management, and (3) 
National Hydro-meteorological and Climate Change Centre. However, hydrological 
information from these institutions is not integrated, linked and shared publicly. Thus, 
hydrological and water quality information usually come from the records undertaken by 
service buyers (hydropower companies and water supply companies). Through the PFES 
scheme, forest ecosystem service buyers must regularly report the data on water regulation 
and water quality services to competent authorities. Water supply companies must report on 
water quality information (such as sedimentation levels, chemical contamination in water, 
water treatment costs, and water levels) to the Department of Health. Hydropower companies 
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must report water quality information (such as sedimentation levels, chemical contamination 
in water, water flow, rainfall, water level in the reservoirs and rivers) and environmental 
monitoring plan to the Environmental Appraisal Division belong to the Department of Natural 
Resources and Environment.  
 
Access to information on forest ecosystem services to tourism was also limited. Currently, 
information on tourism sector in Viet Nam is almost unavailable, especially forest ecosystem 
services to tourism. Data on the provision of these services is difficult to monitor, thus, the 
value derived by tourists from forest ecosystem services is used as a proxy value of the nature-
based tourism sector (McEwin and Nguyen, 2015). This value is reflected through the entrance 
fee system, such as (1) Number of forest areas in each province where entrance fees are 
collected, (2) Total entrance fees collected by forest area in each province, (3) Total number 
of visitors to each forest area in each province, and (4) Average entrance fee charged in each 
province.  
 
The lack of tourism ecosystem services data came from the inefficiency in inter-agency 
collaboration. The Department of Nature Conservation within the Ministry of Agriculture and 
Rural Development is responsible for monitoring the entrance fee system. Other information 
on tourism operators is under the management of the Department of Tourism and the Tax 
Department. The Department of Tourism provides data on the number of licensed tourism 
operators in each forest area where tourism PFES has been established. While, data from the 
Tax Department, including total revenue of tourist operators and total income of tourist 
operators, is used to determine the required payment level by these tourism operators. The 
questions on inter-agency collaboration within the PFES policy also relates to the regulatory 
burden discussed in the next sub-section. 
 
Regulatory burden  
 
High transaction costs are a major problem related to regulatory burden in implementation of 
PFES schemes in Viet Nam. High transaction came from individual household contracts, the 
complexity of administrative structures, limited capacity of public servants, conflicts of interest, 
and weak coordination and information sharing between and within government agencies 
(Pham et al., 2009, 2013, 2016).  
 
Service providers in PFES for watershed protection in Viet Nam are mainly individual 
households. Dealing with individual contracts has gone beyond capacity of the provincial 
agencies that involved in the PFES scheme. In Son La province, for instance, the program 
covered about 422,000 hectares of forest and approximately 51,000 households who are 
eligible service sellers. This number of individual household contracts required surveying over 
50,000 plots with an average size of 8.3 hectares that overloaded provincial authorities’ 
capacity and budget.  
 
Administrative burden has led to delayed payment and thus the effectiveness of the PFES 
scheme. In Son La and Lam Dong, although water supply companies are allowed to pass on 
PFES fees to water users through the water bills, it took 2 years to get the province’s final 
approval of increasing in water price. These companies said that they could not make the 
payments on time because of the complex bureaucracy and the lack of supportive policies.  
Lack of detailed guidelines on payment responsibility from stakeholders lead to the 
phenomenon of double payments in Lam Dong. Specifically, although Lam Dong Water 
Company was buying water from an irrigation company, both of them had to pay a fee for 
forest environment services on the same watershed. 
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Lack of transparency and limited capacity of public servants become challenges in collecting 
PFES money from tourism companies. Decree No. 99 requires tourism companies to pay 1% 
- 2% of their annual gross revenues to PFPDFs. In practice, commercial tourism companies 
in Lam Dong usually lobby local authorities to avoid paying the PFES fees through their strong 
political power (Pham et al. 2009). Although their revenue came from entrance fees, 
accommodation, restaurants, rentals and other activities (horse riding), they only paid forest 
environment services based on revenue from entrance fees and ignore revenue from the other 
forest-based recreational services. 
 
Political feasibility  
 
PFES schemes in Viet Nam have been considered to gain political feasibility (Truong et al. 
2017). Political feasibility or political acceptance is the ability that the policy instrument being 
accepted by the public. In case of PFES, political feasibility is related to distribution of costs 
and benefits of stakeholders. The PFES has gained the public acceptance on the payment 
principle, distribution of costs to services buyer and sufficient benefit to service providers.  
 
PFES in Viet Nam has operated based on the principle that forest environment service users 
must pay for service providers. This is suitable for morality of society. It creates incentives for 
forest resource users to conserve natural resources and manage them more sustainably.  
 
Distribution of stakeholders’ costs were generally accepted by the public. In principle, the 
service buyers of PFES (hydropower plants, water supply companies, and tourism companies) 
are intermediate buyers. After processing, PFES buyers sell again their products to final 
customers who use fresh water and electricity. Indeed, the purchase of the PFES service was 
reallocated into the products’ prices. As such, final customers should be the one who pay for 
the forest environmental services. In 2016, Viet Nam has 24,995,178 households (General 
Statistics Office of Viet Nam, 2017a). If each household is considered as a consumer, the total 
number of forest environment service’s consumers is approximately 25 million. Therefore, the 
cost per household is rather small, and they almost do not consider this cost as a burden. 
 
The PFES policy succeeded to ensure that service providers, especially vulnerable groups 
such as poor, elderly or landless households, can benefit from this policy (Pham et al., 2013). 
Income of the forest environmental services has been invested in agriculture for example 
buying seeds and livestock, buying and upgrading agricultural equipment, expanding the scale 
of farming. Pham et al. (2013) shown that the payment has been used for food and other basic 
consumption. However, the method of calculation on PFES payments at a rate per hectare 
could create unfairness among service providers. Averaged payment rate per hectare of forest 
is calculated as total net revenue from use of the environmental service divided by total area 
of forest under contract of forest environmental services provision. As a result, watersheds 
with a higher percentage of forest area receive a smaller averaged payment rate per hectare, 
and watersheds with a lower percentage of forest area receive a larger PFES payment. 
 
Static efficiency  
 
At present, there have not been any formal reports evaluating the static efficiency of the 
current PFES policy in Viet Nam due to the unavailability of marginal cost and marginal 
benefit estimation22. The external effects of PFES policy in Lam Dong and Son La are typical 
cases of non-point externalities (Truong et al., 2017). As stated by Griffin and Bromley (1982) 

                                                

22 An environmental instrument achieves static efficiency when the net social benefit from utilization is 
maximized. It implies that the marginal benefit of an additional service unit must be equal to marginal cost of 
supplying that additional unit. 
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and O'Shea (2002), it is very difficult to identify the static efficiency of non-point externalities 
since the calculation of marginal cost and marginal benefit from the stakeholders requires a 
huge monitoring cost. There are several types of forest environmental services payment being 
implemented in Viet Nam, such as water regulation, soil protection, scenic landscape 
preservation, or carbon sequestration. Each type of forest environmental services 
corresponds to its own different marginal benefit function. Management units at provincial level 
have developed different forest environmental service payment schemes to match the 
geographical features of the area (three types of watershed ecological services in Lam Dong 
province were water regulation, soil protection, and scenic landscape preservation, while Son 
La province mainly focused on water regulation and soil protection). Estimation of marginal 
benefit of watershed ecological services is often not feasible due to limited time and cost. 
 
However, in case of non-point externalities, it is possible to apply a trial-and-error procedure 
to adjust and establish the best payment policy in order to achieve the static efficiency (Griffin 
and Bromley, 1982). In a trial-and-error procedure, the condition to achieve static efficiency is 
that stakeholders who create externalities and benefit from externalities have an 
independence in choosing their optimal payment options to maximize their benefits.  
 
Nevertheless, in Viet Nam, the implementation of PFES did not followed the market 
mechanisms. The government has acted as the main coordinator of the PFES schemes since 
forest and forestland in Viet Nam are owned by the government. Decision No. 380 in 2008 
and Decree No. 99 in 2010 set the fixed fees for forest environmental service (20 VND/kWh 
of commodity electricity produced by hydropower plants; and 40 VND/m3 of commodity water 
produced by water supply companies). The forest environmental service fee fixed by the 
government does not meet the condition of a trial-and-error procedure. For this reason, Truong 
et al. (2017) concluded that PFES policy could not achieve static efficiency in the current 
context of Viet Nam.   
 
Dynamic efficiency  
 
Dynamic efficiency of PFES policy in Viet Nam has been associated with the changes in 
business environment such as changes in demand for primary agricultural products on the 
world market and natural forest logging ban by government in 2014. Changes in business 
environment can alter the benefits and costs of stakeholders; therefore, it can lead to a change 
in the behavior of stakeholders as well as dynamic efficiency of policy (Truong et al., 2017). 
Changes in business environment could affect dynamic efficiency of PFES policy in Viet Nam 
positively or negatively, depending on the specific geographical and trade conditions of the 
forest areas.  
 
Whether PFES has helped to change land use behaviour of service providers in the long term 
is an important question. We could not find any study or evidence on this impact. A behaviour 
change in land use relates to the calculation of marginal benefit and marginal cost of the 
change. It was reported that benefits from PFES scheme to service providers i.e. households 
have been relatively low such that they were not motivated to convert cultivation land into 
afforestation (Truong et al., 2017). The change in land use does not only depends on the 
payment received from the PFES but also on the characteristics of the alternative option. 
Forest land in Lam Dong province is fertile for pepper and coffee cultivation and has been 
witnessed deforestation while still implementing PFES. On the contrary, in the Northern 
Midland and Mountainous region of Viet Nam, geographical condition is rather special with 
high mountain ranges, deep valleys or limestone plateaus that does not allow this region to 
convert forest land into cultivation (General Statistics Office of Viet Nam, 2017b).  
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Efficacy in reaching environmental target  
 
The impacts of PFES on watershed protection services has remained unclear since no 
evidence-based investigations have been undertaken so far. In the context of Lam Dong and 
Son La’s PFES, two efficacy indicators of watershed protection, i.e. sedimentation yields and 
amount of runoff, could be measured and analysed. The measurement of these indicators was 
technically and financially challenging (Pham et al 2013). In the two provinces, only one 
gauging station was installed and operated in the first year of the PFES23. Data from this first 
year showed that natural forest helped to limit sediment yields by a great amount comparing 
to watershed with mixed forest and agriculture or watershed with agriculture only, but different 
types of land use in general probably have relatively little effect on the amount or timing of 
runoff. While watershed protection services may strongly correlate to forest areas and forest 
quality, to roughly evaluate the efficacy we could look at trends in forest areas and quality in 
the time of PFES. 
 
During the period from 2008 to 2015, area of forest and forest cover rate tend to increase in 
the whole country in general and Son La province in particular, while area of forest and forest 
cover rate in Lam Dong province slightly decreased (VNFF, 2016). Combining with the 
sediment yield and runoff amount results we could rudely infer that PFES may slightly reduce 
sedimentation for downstream water infrastructures such as hydropower dam or irrigation 
systems but had no impacts on water runoff. 
 
It is noted that the inference is uncertain. The main problem is that Viet Nam neither has any 
requirements for environmental monitoring of forest quality, soil erosion or water regulation 
resulted from PFES nor technical and administrative capacity to undertake the monitoring. 
Reports that shown an improvement in forest quality attributed to the PFES scheme were all 
from subjective assessment of perception and opinion of stakeholders (Pham et al 2013). 

 
Conclusion  
 
Lessons  
 
In general, PFES policy is a successful policy instrument for water watershed protection in 
Viet Nam. There are three main factors determining the success of using this PFES policy for 
water management in Viet Nam.  
 
Firstly, the government plays an important role in creating a legal framework through Decree 
No. 99 on service payment regulations between the PFES buyers and providers. Decree No. 
99 specifies clearly the definition of service types, PFES buyers, PFES providers, payment 
rate of each forest environmental services, regulating payment mechanism through the Forest 
Protection and Development Funds, and mechanism on PFES money management and 
utilization. Without these regulations, participants will not be able to identify their obligations 
and responsibilities during the implementation process. 
 
Secondly, PFES policy was accepted by the public. As discussed above, the cost per final 
consumer is rather small and could be generally accepted. Moreover, the policy also ensures 
that service providers can benefit from this policy, especially vulnerable groups in society such 
as poor, elderly or landless households (Pham et al., 2013). 
 

                                                

23 The equipment was abandoned after one year due to no properly trained technical skills in 
operation (Pham et al 2013).  
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Finally, international supports such as Winrock International (in implementing the PFES 
scheme in Lam Dong Province) and German Agency for International Cooperation (in 
implementing the PFES scheme in Son La Province) played a huge role in success of PFES 
policy in Viet Nam. The international organizations provided technical and financial supports 
as well as shared experiences and contributed to formulate the practical and theoretical 
background during all stages of policy formation and development. 
 
Major achievements of PFES policy in Viet Nam 
 
PFES policy in water sector in Viet Nam has been successfully implemented and has helped 
promote sustainable development of the catchment areas. After ten years of implementation 
(from 2008 to 2018, including two years of the pilot phase), the policy has been supported by 
local people living in the forested areas and enterprises paying for services. The policy has 
been also highly appreciated by the international community (VNFF, 2016).  
 
The pilot PFES projects for water protection in Lam Dong and Son La Provinces have led to 
the establishment of the legal PFES framework in Viet Nam. This is an important milestone in 
the policy agenda of adopting MBAs for environmental management in Viet Nam. The legal 
PFES framework has initiated a development of a governing system at different levels in the 
environmental management structure. The establishment and implementation of the Forest 
Protection and Development Funds could give a good example for this governance capacity 
improvement. As mentioned in previous sections, the payments are made through the Forest 
Protection and Development Funds. These Funds have been established at central and 
provincial levels. Under the operation of VNFF (the Forest Protection and Development Fund 
at the central level), by 2016, 42 provinces had set up the Provincial Forest Protection and 
Development Funds. The PFPDFs are responsible for signing contracts with buyers, collecting 
payment for services provided in its area, releasing payments to service suppliers and 
reporting to VNFF. These PFPDFs are considered as an important connection between the 
users/buyers (paying for service) and the providers (receiving payment) upon the indirect 
payment approach (VNFF, 2014, 2016). 
 
The implementation of PFES for water protection has helped to reduce the financial burden of 
the government forest conservation and protection. Until June 2016, VND 5.7 billion24 (or US$ 
257.4 million) of PFES money were collected for a protection of 5.6 million ha of forest (VNFF, 
2016). Tran (2017) showed that annual PFES revenue provides additional capital investment 
in the forestry sector, accounting for 22.3% of total capital investment. Moreover, PFES has 
improved the economic condition and created sustainable livelihoods for local people and 
communities who protect and manage the forests. According to VNFF (2016), until June 2016,  
more than 500 thousand households, who are mainly for ethnic minorities and poor 
households living in the forest area, have received PFES money for protecting forest, In 
particular, a study by EEPSEA (2013) has shown that PFES policy has contributed to increase 
household income by about 3.9 million VND per household per year in the watershed area of 
Dong Nai River. This income has been used for basis household consumption or to invest in 
agriculture activities. 
 
Challenges  
 
Although the Viet Nam Ministry of Agriculture and Rural Development assessed that PFES 
policy was one of the ten outstanding achievements of the agricultural sector in the period 
2010-2015, there are several shortcomings in the operation of policy, as follows: 
 

                                                

24 1 USD = 22,322 VND on June 30th,2016. 
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Firstly, lack of well-define property right and accurate measure of forestland area has limited 
the deployment of PFES. One of the biggest challenges for implementing PFES is accurately 
defining forest areas and determining the forest owners. Based on geographical 
characteristics, many watersheds span more than one province and inter-provincial 
coordination in forest management in Viet Nam is still inadequate and inconsistent. In addition, 
at present, the division of forest boundaries are based on Program 661 in 1998 (also known 
as “5 Million Hectare Reforestation Program”). Thus, these forest boundary maps are out of 
date and no longer accurate (Pham et al., 2013). 
 
Secondly, limited financial infrastructure may hinder the disbursement of PFES funds. 
Although PFES has successfully mobilized financial resources, the average disbursement rate 
of PFES funds is relatively low. The reasons are that forest owners lacked adequate 
information and detailed guidelines on payment management and the disbursement rate 
depends on the scale and geographic accessibility of forest owners providing the services. 
For example, most of the forest owners in Lam Dong are state forest enterprises with bank 
accounts, meanwhile, forest owners in Son La are mainly individuals living in geographically 
remote areas and they do not have access to banking services. Therefore, it only takes one 
month for local authorities to distribute PFES payments in Lam Dong, but authorities in Son 
La need three months to complete the same task. 
 
Thirdly, the transaction cost of implementing PFES policy is high. High transaction costs 
reduce the effectiveness of PFES policy. The causes of high transaction costs are due to 
complex administrative structures, limited capacity of officials, lack of transparency and weak 
coordination and information sharing between and within government agencies (Pham et al., 
2009, 2013, 2016).  
 
Finally, local forest owners have difficulty in accessing the complaints and feedback system. 
Local forest owners are mainly ethnic minorities and poor households; they may find a gap in 
understanding of contracts and lack of access to information on the PFES implementation. 
Besides, insufficient support from the village heads and local authority makes their information 
access even more difficult (Pham et al., 2013). 
 
Scale-up potential  
 
Scale-up plans for the Viet Nam’s PFES model should consider these two major factors: active 
involvement of government and devolved land use right to households. Successful 
implementation of PFES policy instrument in Viet Nam has based heavily on the strong hand 
of the government. Watershed protection service buyers i.e. hydropower plants, water supply 
companies and tourism companies, still involved in the transactions even when they have few 
information on how payment would be used for providing the services. In addition, the 
decentralization of forest management in Viet Nam has devolved forestland use right from the 
state directly to households. This type of reform is distinct comparing to other countries that 
devolved right from state to community in the form of community-based forest management. 
The individual household contracts for service providers imply a huge transaction costs and 
high administrative capacity of intermediary agencies to ensure well-defined terms to each 
contract, efficient payment scheme and effective monitoring and evaluation. 
 
Specific conditions for scaling up the application of PFES for watershed protection include: 

- Group and community contracts could place less pressure on administrative 
requirements as well as transaction costs. ADB (2014) reported a successful test of 
the group contract in PFES for watershed protection in Quang Nam province.  

- The government needs to clearly define land use rights as well as the forest land 
allocation mechanism. Technically, boundary of forest area needs to be well defined 
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and specified in the land use certificate or forest conservation contract. 
- The forest protection and development fund at the central level should focus on 

building a clear monitoring and evaluation system to enhance transparency and 
accountability of the policy.  

- Information related to PFES policy (including the concepts of payment services, 
payment rate, and payment mechanisms) must to be deployed to all stakeholders, 
especially forest owners. 

- The government needs to enhance the technical and financial capacity of local 
authorities, households and communities to improve the effectiveness of the 
implementation process. 
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Annex B. Systematic Review of Market Based 

Instruments for Environmental Management in Asia. 

 

Introduction 
 
For the review of experiences of MBAEM, we have used a specific method – a systematic 
review – in order to identify and screen the current knowledge base. Systematic reviews 
provide a basis for “evidence-based practice” or “evidence-informed decision making” through 
a transparent, unbiased and replicable process of searching for and synthesizing evidence in 
the literature (Bilotta et al., 2014; Mallett et al., 2012; Mulrow, 1994). While there are many 
variations of systematic reviews, all specify explicit protocols for searching the literature in a 
replicable way, screen studies for quality specific inclusion and exclusion criteria, and apply 
consistent coding to extract results from the studies that are then summarized and/or 
analyzed. 
 
We have applied systematic reviews on what we define to be relevant policy/impact 
evaluations in the areas of air, water and waste and related environmental impacts, and 
searches were constructed with a specific search protocol for each of these three thematic 
areas. The inclusion criteria of the search protocols can be divided into five categories, and 
only papers that contain at least one aspect of each category will be accepted for the next 
step of the process:  
1) the paper relates to either air, water or waste;  
2) the paper includes at least one of the relevant pre-defined policy instruments for that topic;  
3) the paper utilizes some kind of quantitative method of analysis;  
4) the paper addresses the environmental impacts of the policy, and  
5) the paper addresses an MBAEM implemented in one of the countries relevant for the review 
(or contributes to global best-practice).  
 
The search was executed in three databases of peer reviewed articles; Web of Science, 
SCOPUS and EconLit. These were chosen since they together cover the majority of peer 
reviewed journals and articles and have highly customizable search options. Once the initial 
search was completed, two additional iterations of screening the results were conducted, one 
by one, to identify the papers that fulfil all the criteria. These papers were used for the meta-
analysis and contribute to the findings in the report. 
 
This Annex outlines the specific search protocols used for each of the three sectors: Air, Water 
and Waste. In addition, the quantitative findings of the systematic review are presented here 
and discussed, to provide an overview of the scope of the academic literature, to identify 
knowledge gaps and to understand where studies are being conducted and what they are 
finding. The next section presents the structure of the search protocols, along with a preview 
of the main results of the systematic review across sectors, applications and market-based 
instruments. Sections 3, 4 and 5 present the specific search protocols for air, water, and waste, 
respectively, along with an overview and discussion of the main quantitative findings of the 
entire systematic review process as well as links to the systematic review databases 
themselves. 
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Overview of Systematic Review of Market Based Instruments for 
Environmental Management in Asia 
 
1. Search protocols 
 
There are five categories under each area (Air/Waste/Water) for keywords: 
1. Specific words under each area “Air/Waste/Water” 
2. Keywords related to “Market-based policy instruments” 
3. Keywords towards “Impact/Analysis/evaluation” 
4. Keywords for “Environment/health/Climate change” 
5. Keywords for “Region” 
 
Note: 
1. Between each word in a column, there is and "OR" command, and between each "column", 
there is and AND command. So the results we get contain at least one keyword from each of 
the 5 columns. 
2. Also, NEAR/x operator is to find articles where the terms joined by the operator are within 
a specified number of words of each other, where x is a number. 
3. * symbol is used to retrieve words with variant zero to many characters [Example: disease* 
will include diseases, diseased, diseasing, diseasedness etc.] 
4. The words with bold mark are added after going through articles. 
 
2. Overview of Results of Systematic Review 
 
In total, 6731 articles were yielded by the systematic review process: 313 centered on market-
based policies for the problem of air pollution, 282 centered on market-based policies dealing 
with water management and 78 centered on market-based policies for the problem of solid 
waste management. Table B1 provides an overview of the number of articles identified and 
tagged by the search-criteria, across sectors, applications and market based instruments.  
 
From this overview, some broad-trends can be identified. In the Air sector, most of the studies 
identified have centered around Energy Production and Industrial Pollution, and of these the 
majority have focused on the use of tradable permits, while taxes, fees and charges are also 
extensively explored in the literature. Relatively few studies in Asia have focused on the use 
of Hybrid policies and Provision and other voluntary agreements in reducing air pollution. In 
the water sector, the majority of studies focused on the problem of poor intra-sectoral water 
allocation, and across applications, the use of taxes fees and charges as a market-based 
instrument has been the most extensively explored in the literature.  
 
In the Waste sector, the majority of studies identified focused on waste processing, where 
once more, taxes, fees and charges feature regularly in the literature. Over-all, there is a 
dearth of studies of the information provision and voluntary agreements as a policy tool for 
environmental management, despite the success of these types of interventions, for instance 
in the case of PROPER in Indonesia, or Green Watch in the People’s Republic of China (PRC). 
Hybrid Schemes are also generally under-explored in the literature.  

                                                

1 The total number of articles is not the same as the sum of totals in table 1 because any particular 
article can be centered on multiple sectors, applications or instruments.  
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Table B1 Overview of Results of Systematic Review, by sector, application and market-based instrument 

  
Applications  

  
AIR WATER WASTE 

  

Energy 

production 

and 

Industrial 

Pollution 

Air pollution 

from 

Transport 

Domestic 

heating/ 

cooking 

Inadequate 

municipal 

water and 

sewerage 

services 

Poor intra-

sectoral 

water 

allocation 

Poor 

surface 

water 

quality 

Failure to 

protect and 

value 

ecosystems 

Upstream 

waste 

reduction 

Waste 

collection 

Waste 

processing 

In
s
tr

u
m

e
n

ts
 

Tradable permits 139 11 4 5 65 22 7 0 0 0 

Taxes, fees and charges 99 21 1 46 78 23 4 6 11 21 

Subsidies 31 15 9 9 11 9 1 3 4 11 

Hybrid policies 3 1 0 
    

4 6 9 

Information Provision,  

Labels, and voluntary 

agreements 8 0 0 3 6 2 0 3 1 8 

Privatization 
   

16 18 17 1 
   

Payments for environmental 

services (PES) 
   

1 0 0 4 
   

 
Total by application 280 48 14 80 178 73 17 16 22 49 

 Total by sector 343 348 87 

Note: the figure above shows the number of peer-reviewed journal articles identified by each of the three systematic reviews conducted, organised by application and 

instrument.  The tagging procedure is not mutually exclusive as some articles may involve with multiple applications of instruments.  
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3. Conclusion 
 
One of the strengths of systematic reviews is in being able to identify gaps in the knowledge base 
of a subject. In all three sectors, relatively few studies have been conducted in the use of 
information provision and voluntary agreements for environmental management. One reason for 
this is possibly due to a smaller set of policies having implemented this type of intervention.  
 
Secondly, across all three sectors, the literature on the use of economic tools for environmental 
management is largely dominated by studies focused on the PRC. While there are likely to be 
important reasons for this, it points to the importance of supporting research initiatives on this 
subject in other Asian countries, as well.  
 
Relatively few studies were conducted on the use of hybrid-policies for environmental 
management and, given a growing recognition that countries should try to adopt the correct ‘policy 
mix’, more attention should be paid to the potential synergies and linkages between different 
market-based instruments that can be used together – to achieve the same goal. In the case of 
waste-management, for example, the various stages of the waste-stream all need to be 
addressed for effective waste management – likely requiring different tools, but with a common 
goal.  

 
Air 
 
1. Search protocol 
 
The search terms for articles concerned with market-based approaches for the problem of air 
pollution are outlined in Table B2. 
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Table B2. Air: Search terms 

1. Air 2. Instruments 3. Analysis  

criteria 

4. Environmental  

characteristics 

5. Region 

"Air pollut*" 

Taxes, fees 

and 

charges 

resource tax* Efficien* ecolog* Bangladesh 

"Air quality" Pollution Levy Evaluat* conserv* Bhutan 

"Air Emission" 
Carbon tax 

Review 
environment* 

protection 
Burma 

 Industrial "Air Pollution" Environment* Charg* Impact* climate change Cambodia 

 "Greenhouse gas*" Environment* tax* Assessment measur* China 

GHG Environment* fee* Policy-making Local pollution India 

("fossil-fuel*" NEAR/5 

"emission*") emission pricing 
Compliance 

Socio-economic 
Indonesia 

"Vehicle Pollution" 

carbon tariff* 

Effect* 

environment* 

mitigation or 

 adaptation 

Laos 

Aerosol* 

purchase tax* 

Timing 

climate adaptation 

or 

 mitigation 

Malaysia 

sulfur-dioxide resource reform* impl* 
 

Maldives 

Particulate matter" 

pollution block pric* 
Econometric* 

 

Mongolia 

PM IBP Control 
 

Myanmar 

("Emission*" NEAR/5 

(electricity 

 OR transport*) ) 

Subsidy 

fuel subsid* 

impact* 

 

Nepal 

"Emission NEAR/3 

reduction" energy subsid* 
causal* 

 

Pakistan 

Nitrogen oxide* Feed-in-tariff* logic model 
 

Philippines 

methane  FIT Counterfactual 
 

Singapore 

CH4  

Information 

Disclosure 

Information Disclosure regress* 
 

Sri Lanka 

SOx  
Information NEAR/3 

citizen 
Distribut* 

 

Taiwan 

CO2  
Information NEAR/3 

public 
welfare 

 

Thailand 

CO  
Govern* NEAR/2 

transparen* 
respons* 

 

Timor* 

Carbon monoxide Green Certificat* allocat* 
 

Vietnam 
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1. Air 2. Instruments 3. Analysis  

criteria 

4. Environmental  

characteristics 

5. Region 

 

Tradable 

Permits 

Emission cap 
choice 

 

southeast 

asia* 

 
Emission right behavi* 

 
south asia* 

 
Trad* NEAR/3 Permit* 

Empiric* 

 

Low-income 

countr* 

 
Trad* NEAR/3 right* 

design* 

 

Middle-

income 

countr* 

 

Trad* NEAR/3 

certificat* 
combinat* 

 

Developing 

countr* 

 
cap-and-trade cost-effect* 

  

 
emission* trad* dimension* 

  

 
ETS cost 

  

 
energy trad* financ* 

  

 
carbon trad* objectiv* 

  

 

Perform, Achieve, and 

Trade 
Cost-Efficien* 

  

 
PAT potential* 

  

 
energy certificat* dynami* 

  

 

Voluntary 

Agreements 

Voluntary NEAR/3 

agreement* 
weak* 

  

 

Voluntary NEAR/3 

program* 
equilibri* 

  

 

cooperative NEAR/3 

agreement* 
Accept* 

  

 

cooperative NEAR/3 

program* 
imbalanc* 

  

 

Others 

integrat* NEAR/5 

Polic* 
aware* 

  

 

Air pollution NEAR/5 

regulation 
perception* 

  

 

Market-based 

Instrument* 
Linkage 

  

 
Market-based Scheme mechanism*   
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1. Air 2. Instruments 3. Analysis  

criteria 

4. Environmental  

characteristics 

5. Region 

 
Market-based polic* 

   

 
Economic Instrument* 

   

 
Market-based polic* 

   

 
Hybrid Instrument* 

   

 
Hybrid polic* 

   

 
Fiscal instrument* 

   

 

No revenue for 

government 
   

 
willingness to pay 

   

 
WTP 

   

 
financial incentiv* 

   

 

2. Findings 
 
Figure B1 shows the number of studies found by country and it makes clear that the vast 
majority of articles identified are based on the PRC.  
 

Figure B1. Air: Number of Articles by country 
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Table B3 below provides an overview of the numbers of articles assessing various market 

based policy-instruments by the evaluation criteria.  

 

Table B3. Air: Summary of Articles by market-based instrument and evaluation criteria 

 Evaluation Criteria 

  

Informational 

requirements 

Regulatory 

burden 

Political 

feasibility 

Static 

efficiency 

Dynamic 

efficiency 

Efficacy in 

reaching 

environmen

tal target 

In
s

tr
u

m
e

n
ts

 

Tradable 

permits 
48 33 14 49 5 20 

Taxes, fees 

and charges 
14 9 19 49 18 21 

Subsidies 4 1 10 19 9 13 

Hybrid 

policies 
2 0 1 1 0 1 

Information 

Disclosure 
0 1 1 2 1 0 

Voluntary 

Agreements 
0 2 1 2 0 1 

  Total 68 46 46 122 33 56 

 

 

Figure B2. Number of Studies by evaluation criteria and instrument 
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3. Article sources  
 
In total, 313 articles were yielded by the systematic review process centered on market-based 
policies for the problem of air pollution. The articles, along with the search protocols and final 
count for each sector, can be found in the following link:  
https://1drv.ms/x/s!Ap4bIPtUMCvIhAgsNL6kjKz9-Rco?e=FDSB8J 
 
The articles are listed and organized based on which of the following categories that the article 
considers:  

• The main country discussed and/or examined in the article 

• The year the article was published 

• The main type of instrument discussed and/or examined in the article 
o Tradable permits 
o Taxes, fees, and charges 
o Subsidies 
o Hybrid policies 
o Information disclosure 
o Voluntary agreements 

• The evaluation criteria mentioned in the article  
o Informational requirements  
o Regulatory burden  
o Political feasibility  
o Static efficiency  
o Dynamic efficiency  
o Efficacy in reaching environmental target 

• Which specific applications the article considers  
o Point source (energy production)  
o Non-point source (transport)  
o Domestic cooking and heating 

 

Water 
 
1. Search protocol 
 
The search terms for articles concerned with market-based approaches for water management 
are outlined below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://1drv.ms/x/s!Ap4bIPtUMCvIhAgsNL6kjKz9-Rco?e=FDSB8J
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Table B4. Water: Search terms 

1. Water 2. Instruments 3. Analysis 

criteria 

4. Environmental 

 characteristics 

5. Region 

Water management water NEAR/5 policy Efficien* ecolog* Bangladesh 

freshwater 

management 

Market-based 

instrument* 
Evaluat* 

conserv* 
Bhutan 

groundwater 

management 
MBI Review 

environment* 

protection 
Burma 

water resource* IBT Impact climate change Cambodia 

water pollution Increasing Block Tariff* Assessment measur* China 

irrigat* Water tariff* Policy-making Local pollution India 

irrigation water  

management 
water pric* Compliance 

Socio-economic 
Indonesia 

water NEAR/5 scar* 

environment* tax Effectiv* 

environment* 

mitigation 

 or adaptation 

Laos 

water quality 
environment* charge Timing 

climate adaptation 

 or mitigation 
Malaysia 

water suppl* environment* fee implementation   Maldives 

water service* tariff* NEAR/5 setting* Econometric*   Mongolia 

household water Permit* NEAR/5 trad* Control   Myanmar 

water conserv* integrat* NEAR/5 Polic* impact*   Nepal 

water ecosystem discharge fee causal effects   Pakistan 

water NEAR/3 

shortage 
Effluent trad* logic model 

  
Philippines 

water NEAR/3 savings water law counterfactual   Singapore 

natural resource 

 management 
information disclosure regress* 

  
Sri Lanka 

disposal environment* subsidy   
 

Taiwan 

nutrient pollution 

control* 
water NEAR/4 subsid* 

  
 

Thailand 

nutrient discharge*  water quality trading*   
 

Timor* 

  treatment fee*   
 

Vietnam 
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water NEAR/4 tax* 

  
 

Southeast 

Asia* 

  water NEAR/4 fee*   
 

South Asia* 

  

public private 

partnership*   
 

Low-income 

 countr* 

  

PPP* 

  
 

Middle-

income 

 countr* 

  

Information 

transparancy   
 

Developing  

countr* 
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2. Findings 

Figure B3 Error! Reference source not found.shows the number of studies found by country 
and it makes clear that the vast majority of articles identified are based on the PRC and India, 
while relatively few articles are based on other Asian countries.  

 

Figure B3. Water: Number of Articles by country 

 

 

Table B5 below provides an overview of the number of articles assessing various market based 
instruments by the evaluation criteria.  
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Table B5. Water: Summary of Articles by market-based instrument and evaluation criteria 

 

Evaluation criteria 

  

  Information

al 

requirement

s 

Regulator

y burden 

Political 

feasibilit

y 

Static 

efficiency 

Dynami

c 

efficien

cy 

Efficacy in 

reaching 

environmental 

target. 

In
s

tr
u

m
e

n
ts

 

  

Tradable permits 0 3 2 5 1 6 

Taxes, fees and 

charges 
1 2 1 8 2 13 

Subsidies 0 0 0 0 0 1 

Information 

Disclosure, 

Voluntary 

Agreements 

0 1 1 1 0 1 

Privatization 0 1 1 2 0 3 

PES 0 0 0 0 0 0 

  Total 1 7 5 16 3 24 

 

 

Figure B4. Number of studies by evaluation criteria and instrument 

 

  

3. Article sources  

In total, 282 articles were yielded by the systematic review process centered on market-based 
policies dealing with water management. The articles, along with the search protocols and final 
count for each sector, can be found in the following link:  
https://1drv.ms/x/s!Ap4bIPtUMCvIhAgsNL6kjKz9-Rco?e=FDSB8J 
 
 

https://1drv.ms/x/s!Ap4bIPtUMCvIhAgsNL6kjKz9-Rco?e=FDSB8J
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The articles are listed and organized based on which of the following categories that the article 
considers:  

• The main country discussed and/or examined in the article 

• The year the article was published 

• The main type of instrument discussed and/or examined in the article 
o Water markets, tradable discharge markets 
o Taxes, fees, and charges 
o Subsidies 
o Privatization 
o PES 
o Information provision, labels, voluntary agreements 
o General 

• The evaluation criteria mentioned in the article  
o Informational requirements  
o Regulatory burden  
o Political feasibility  
o Static efficiency  
o Dynamic efficiency  
o Efficacy in reaching environmental target 

• Which specific applications the article considers  
o Inadequate municipal water and sewerage services 
o Poor intra-sectoral water allocation 
o Poor surface water quality 
o Failure to protect and value ecosystems 

 
Waste 
 
1. Search protocol  
 
The search terms for articles concerned with market-based approaches for solid waste 
management are outlined below.  
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Table B6. Waste: Search terms 

1. Waste 2. Instruments 3. Analysis  

criteria 

4. Environmental 

 characteristics 

5. Region 

waste management 

Taxes, fees 

and charges 

collection fee Efficien* ecolog* conserv* Bangladesh 

waste NEAR/5 

dispos* 
environ* NEAR/5 tax Evaluat* 

environment* 

protection 
Bhutan 

household waste 
environ* 

NEAR/5charge 
Review climate change Burma 

municipal solid 

waste 
environ* NEAR/5 fee Impact* measur* Cambodia 

waste NEAR/5 

treatment 

emission NEAR/3 

pricing 
Assessment strateg* China 

industrial waste EPR Policy-making option* India 

recycling 
Extended Producer 

Responsibility 
Compliance Local pollution Indonesia 

incinerat* 
Producer 

responsibilit* 
Effect* Socio-economic Laos 

recycl* landfill tax* Timing 

environment* 

NEAR/4  

mitigat* 

Malaysia 

landfill* landfill charge* impl* adapt* Maldives 

waste NEAR/5 

collect* 
landfill fee* Econometric* 

climate NEAR/4  

mitigat* 
Mongolia 

waste NEAR/5 

 hazard* 
incineration tax* Control adapt* Myanmar 

E-waste incineration charge* impact* 
environment* 

regulat* 
Nepal 

circular economy incineration fee* causal* sustainab* Pakistan 

textile waste non-compliance fee logic model 
environment* 

qualit* 
Philippines 

demolition NEAR/5 

 waste 
waste fine* counterfactual Development* Singapore 

waste electronics waste charg* regress* Pollut* Locat*   Sri Lanka 

Bio waste levy tax Distribut* 
 

Taiwan 

Packag* NEAR/3 

waste 

waste management 

fee* 
welfare 

 

Thailand 

waste hierarchy willingness to pay respons* 
 

Timor* 



ADB MBAEM Draft Stocktaking Report Annexures Submission, 29 June 2019 

 

 297 

1. Waste 2. Instruments 3. Analysis  

criteria 

4. Environmental 

 characteristics 

5. Region 

re-use NEAR/5 

waste 
polluter pay* allocat* 

 

Vietnam 

waste NEAR/3 

Prevent* 
polluter-pay* choice 

 

southeast asia* 

compost* 

Tradable 

permits 

permit NEAR/5 trad* behavi* 
 

south asia* 

waste NEAR/3 

energy 
Waste NEAR/3 trad* Empiric* 

 

developing  

Countr* 

plastic waste Emission right* design* 

 

Low-income 

 countr* 

MSW Tradable right* combinat* 

 

Middle-income  

countr* 

Mix* Waste emission cap cost-effect* 
 

  

3R cap-and-trade dimension* 
  

reuse Trad* certificat* cost 
  

HSW Trad* Credit* financ* 
  

plastic bag* 

Subsidies 

recycling credit* objectiv* 
  

medical waste deposit refund Cost-Efficien* 
  

clinical NEAR/3 

waste 
waste subsid* potential* 

  

CSW 

Hybrid 

policies 

green NEAR/5 

certificat* 
dynami* 

  

 

recycl* NEAR/5 

certificat* 
weak* 

  

 
PPP equilibri* 

  

 Information 

Provision, 

Labels, and 

voluntary 

agreements 

 

 

 

 
 

cooperative 

aggreement* 
Accept* 

  

 

inform* NEAR/5 

citizen* 
imbalanc* 

  

 

Information NEAR/3  

disclosure 
aware* 

  

 
Eco-labl* perception* 

  

 
licenses Linkage 

  

 
Ecodesign mechanism*   
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1. Waste 2. Instruments 3. Analysis  

criteria 

4. Environmental 

 characteristics 

5. Region 

 

willingness to 

support 
   

 

Other 

Market-based 

instrument* 
   

 

economic 

instrument* 
   

 
waste NEAR/5 polic* 

   

 

clean development 

 mechanism* 
   

 
CDM 

   

 

environment* 

service* 
   

 

Waste Electrical 

 and Electronic 

Equipment 
   

 
WEEE 

   

 
EOL 

   

 
End of Life 

   

 

public private  

partnership 
   

 

public-private  

partnership  
   

 
2. Findings 

Figure B5 shows the number of studies found, by country and makes clear that the vast majority 
of articles identified are based on the PRC, Taipei,China, and India.  
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Figure B5. Waste: Number of articles by country. 

 

 

Table B7 below provides an overview of the number of articles assessing various market based 
instruments by the evaluation criteria.  

 

Table B7. Waste: Summary of Articles by market-based instrument and evaluation criteria 

 

Evaluation Criteria 

  
Informational 

requirements 

Regulatory 

burden 

Political 

feasibility 

Static 

efficiency 

Dynamic 

efficiency 

Efficacy in 

reaching 

environmental 

target 

In
s

tr
u

m
e
n

ts
 

Tradable permits 0 0 0 0 0 0 

Taxes, fees and 

charges 
12 2 6 6 0 13 

Subsidies 7 0 2 5 1 6 

Hybrid policies 6 2 7 2 0 10 

Information 

Provision,  

Labels, and 

voluntary 

agreements 

2 0 6 1 1 3 

 
Total 27 4 21 14 2 32 
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Figure B6. Number of studies by evaluation criteria and instrument 

 
 

3. Article sources  

In total, 78 articles were yielded by the systematic review process centered on market-based 
policies for the problem of solid waste management.  
https://1drv.ms/x/s!Ap4bIPtUMCvIhAgsNL6kjKz9-Rco?e=FDSB8J 
 
The articles are listed and organized based on which of the following categories that the article 
considers:  

• The main country discussed and/or examined in the article 

• The year the article was published 

• The main type of instrument discussed and/or examined in the article 
o Tradable permits 
o Taxes, fees, and charges 
o Subsidies 
o Hybrid policies 
o Information Provision, labels, and voluntary agreements 

• The evaluation criteria mentioned in the article  
o Informational requirements  
o Regulatory burden  
o Political feasibility  
o Static efficiency  
o Dynamic efficiency  
o Efficacy in reaching environmental target 

• Which specific applications the article considers  
o Upstream waste reduction 
o Waste collection (domestic and industrial) 
o Waste processing 

  

https://1drv.ms/x/s!Ap4bIPtUMCvIhAgsNL6kjKz9-Rco?e=FDSB8J
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