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Smart Grid: Power system dispatch based on 
emissions and efficiency would help increase 
integration of renewable energy into the grid.
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T he power sector alone accounts for about half of China’s annual 
coal consumption. China’s ambitious goals for air quality—along 
with related policies on coal consumption control, energy efficiency, 

renewable energy and carbon emissions—will necessitate changes in power 
sector policies, regulation, markets, and business models. The March 2015 
“Deepening Reform of the Power Sector” policy document, also known as 
Document #9, issued under the joint authority of the State Council and the 
Central Committee of the Communist Party of China, reflects this need.1 The 
document should enable the power sector to operate more efficiently with 
lower emissions. The document frames the challenges for power sector policy 
in terms of emissions reductions, energy efficiency and renewable energy, and 
is in line with the decision of the third plenum of the 18th Party Congress to 
enable market forces to play a “decisive role” in the allocation of resources.  
At its core, Document #9 calls for effective, market-based pricing for electricity, 
supported by government, trading platforms, trading markets, and trading 
mechanisms. It is an excellent starting point for decisions about how to 
develop and implement a path of reform for the power sector.2

Although this power sector reform process will largely take place at the 
national level, with a power sector reform path plotted for the country as 
a whole, there will continue to be an important role for regional pilots. The 
Beijing-Tianjin-Hebei (Jing-Jin-Ji) region, with its leading role in national air 
quality policy, can play an important part in power sector reform, and also 
reap early benefits. 

The purpose of this brief paper is to provide a small menu of 3-4 suggestions 
to advance the goals of the “Deepening Reform” document. In particular, our 
goal is to outline ways in which a small number of market-oriented reforms 
could increase uptake of renewable energy and end-use energy efficiency. 
Because the paper focuses on market-oriented reforms, it does not address 
other issues, such as the need for more transmission investment embodied in 
the Energy Internet plan.

Notably, this paper does not attempt to review all of the causes of highly 
complex issues such as generation curtailment (a reduction in a specific 
generator’s energy output from what it could have otherwise produced given 
available resources – see a list of definitions on page 9 for more explanation), 
shortage of flexible power generation, or present power sector pricing 
mechanisms. Other organizations, including the Energy Foundation, the 
National Center for Climate Change Strategy and International Cooperation 
(NCSC), Tsinghua University, North China Power University, and the Regulatory 
Assistance Project (RAP) have produced in-depth published and unpublished 
research on these topics.3 Power sector reform is a highly technical topic and, 
where challenges exist, they will not be resolved by single solutions, but rather 
through reforms that work in tandem with other broad policies. 

InTRODUCTIOn

The power sector 
alone accounts 
for about half of 
China’s annual coal 
consumption.
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This paper draws on international experience and focuses on incentives to 
align the behavior of power sector firms—the grid companies in particular—
with the government’s emission reduction goals. We believe that China can 
benefit from lessons learned elsewhere while taking the country’s unique 
circumstances into account.

The experience with power sector policy and regulation around the world 
has been diverse. Different countries have taken different paths, and have 
experienced varied results. Policymakers, regulators, and utilities worldwide 
are adapting to the challenges of increasing renewable energy generation, 
promoting energy efficiency, and reducing emissions. While there are no 
international power sector reform models that perfectly fit China’s situation, 
there is a wealth of practices and cases that China can adapt to suit its own 
unique conditions. The suggestions put forth in this paper focus on improved 
planning that works together with market- and incentive-based mechanisms 
to ensure that policy goals are met in a cost-effective and low-risk manner. 

In summary, our suggestions are as follows:

h Reform generation pricing to facilitate improved generator 
dispatch: China’s present power pricing system is designed to 
compensate generators for both fuel cost and capital cost, based on 
planned annual operating hours. This method of generator compensation 
is at the root of the problematic approach to generator dispatch seen in 
most provinces, which gives inadequate consideration of efficiency and 
emissions. As recognized in recent policy announcements, improved 
dispatch would reduce curtailment of renewables, emissions and energy 
use while saving money. We suggest a transition to a merit order approach 
for unit commitment and dispatch that incorporates emissions costs. To 
support this, we also recommend reform of generation pricing in a manner 
that breaks the link between planned operating hours and generators’ 
recovery of fixed costs.

h Create incentives for grid companies to better support integration 
of renewable energy resources: Curtailment of renewable energy is a 
complicated issue with many causes and potential solutions. Realigning the 
incentives of grid companies to support renewables integration could be 
part of an effective package of solutions. It would provide more motivation 
to grid companies to consider all possibilities before curtailing variable 
generation and to be more innovative regarding efforts to increase power 
system flexibility. Our suggestion is to create an incentive mechanism 
that exposes the grid companies to some of the costs associated with 
curtailment. This makes sense because the grid companies are well 
positioned to take action to address integration issues and reduce 
curtailment, as they do in many other countries. This approach would work 
best in tandem with other measures such as improved transmission and 
resource planning, and wider balancing areas for dispatch.

h Support end-use demand-side resources within the context of 
the new “transmission- and distribution-pricing” reform plan: In 
2014, the National Development and Reform Commission (NDRC) launched 
a pilot in Shenzhen that represents a new approach to regulation of grid 

While there are no
international power 
sector reform models 
that perfectly fit 
China’s situation, 
there is a wealth of 
practices and cases 
that China can adapt 
to suit its own unique 
conditions.
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We suggest a 
requirement to 
compare new coal-
fired power plants 
with energy
efficiency investments 
that could be 
embedded in the 
approval process for 
power plants.

companies in China. It opens the possibility of better aligning the behavior 
of grid companies toward energy efficiency. Now that the Shenzhen pilot 
is being extended nationally, it is important for policymakers to get the 
details right to support demand-side resources, including ensuring that 
grid companies can claim expenses associated with energy efficiency 
programs as allowed costs. Such incentives are likely to be included in the 
new grid company reform in West Inner Mongolia, for example.4

h Launch a pilot that requires a comparison with energy efficiency 
resources as part of the coal plant approval process, as a simple 
first step toward integrated resource planning: Experience in 
other countries shows that end-use energy efficiency—that is, the 
energy efficiency of energy use in households, businesses, industry, 
and agriculture—can be treated as a resource for the power sector in 
the same way that conventional power plants are. Energy efficiency is 
usually a much less expensive and much cleaner option. We suggest 
a requirement to compare new coal-fired power plants with energy 
efficiency investments that could be embedded in the approval process 
for power plants. This would represent a more comprehensive resource-
planning process that includes energy efficiency explicitly and would help 
alleviate overbuilding of coal-fired generation. 

Each of these market- and incentive-based measures would have the joint 
benefit of helping China address major problems with the power sector—
particularly the challenge of cost-effectively meeting the government’s 
ambitious targets for emissions, air quality and coal consumption control—
while maintaining a low-cost and reliable supply of electricity for China’s 
growing economy. We emphasize that these solutions would work in tandem 
with other actions and policies currently under consideration.
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Overview of China’s Power System

China has built the world’s largest electricity sector 
in just a few decades. As of 2013, the country’s grid 
had more than 770,000 kilometers of transmission 
infrastructure,5 a quarter larger than that of the U.S.6  
In 1980, China had just 65 GW of generation capacity,7 

an amount which had grown to 1,273 GW by November 
20148 (compared to 5,330 GW worldwide at 2011 year-
end).9 From 2010 to 2013, China added more than 80 
GW of new generation capacity annually,10 and capacity 
continues to grow rapidly.11

Wind and solar capacity are a key part of this growth. 
China’s total installed renewable energy capacity in 
the power sector (including hydro) tripled between 
2005 and 2013, to 380 GW. China now has more 
installed onshore wind capacity than any country in 
the world (105 GW as of June 2015, with a target of 
200 GW by 2020). China is also investing heavily in 
solar photovoltaic (PV) generation capacity, reaching 
an estimated 28 GW by the end of 2014. Of this, 23.4 
GW is from utility-scale PV and the remainder is from 
distributed PV installations. China’s 12th Five Year 
Plan includes PV capacity goals of 35 GW by 2015 
and 100 GW by 2020.12 A new study by the Energy 
Research Institute of the NDRC shows that it should 
be both technically and economically feasible for 
renewable energy to satisfy more than 60% of China’s 
energy consumption and more than 85% of electricity 
consumption by 2050.13 

Before this year’s “Deepening Reform” document, the 
last power sector policy document to be issued at 
the same level came from the State Council in 2002.14 
Among other measures, the 2002 document split grid 
companies from generation assets.15 The 2002 reforms 
also envisaged creation of regional markets and 
market-based dispatch. Despite pilot efforts, however, 
regional markets were never implemented.16

China’s power sector continues to be dominated by 
large state-owned companies. The country’s grid is 
owned and operated primarily by the state-owned State 
Grid Corporation of China (which supplies power to 88% 
of China), while China Southern Grid, also state-owned, 

accounts for most of the remainder. A handful of 
large state-owned power generation companies are 
responsible for generating most electricity, including 
the so-called “big five” – China Datang Corporation, 
China Guodian Corporation, China Huadian Group, 
China Huaneng Group, and China Power Investment 
Corporation – that account for 47% of power 
capacity.17

Power pricing, which is handled by the NDRC, 
involves government-set generation tariffs, retail 
tariffs, and feed-in tariffs for certain renewable 
generators.18 Some retail pricing policies in China are 
supportive of emissions reduction goals, including 
differential price policy for industrial consumers and 
tiered pricing for residential consumers. However, 
there is significant room to improve transparency 
of retail prices and to ensure that they better reflect 
power system costs, including the societal costs of 
emissions.

BY THE NUMBERS

770,000 km of transmission infrastructure

a quarter larger than that of the U.S.

1,273 GW of generation capacity

more than 80 GW of new generation 
capacity annually from 2010-2013

380 GW of renewable energy capacity

most onshore wind capacity 

installed in the world

State Grid Corporation  supplies 

power to 88% of China
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2.  ChInA’S 2015 “DEEPEnInG REfORM” 
DOCUMEnT

Document #9 calls 
for effective, market-
based pricing for 
electricity, supported 
by government, trading 
platforms, trading 
markets, and trading 
mechanisms.

The State Council issued the “Deepening Reform of the Power Sector” 
document, also known as Document #9, in late March 2015. At its core, 
Document #9 calls for effective, market-based pricing for electricity, supported 
by government, trading platforms, trading markets, and trading mechanisms. 
The document provides several principles that state that power-sector policy 
should be guided by:

h The need for reliability;

h Increased use of market mechanisms;

h Protection of residential and agricultural consumers;

h Energy savings, emissions reductions, and increased use of renewable and 
distributed generation; and

h Better governance and regulation, including better planning and 
strengthened capacity in terms of regulatory agencies and approaches.

The “Deepening Reform of the Power Sector” document also addresses a 
number of important specific policy issues, including: 

h Grid company reform: The document extends the “transmission and 
distribution pricing” regulatory approach used in the recent Shenzhen grid 
company pilot (launched in November 2014) to cover the entire country. 
The policy subjects the grid companies to an “allowed revenue” regulatory 
regime, which should increase transparency and controls costs. Judging by 
the experience in other countries with this type of “revenue regulation,” 
the new policy may also have benefits for end-use energy efficiency 
and distributed renewables. In particular, depending on the details of 
implementation, this type of regulation should decouple grid company 
revenues from energy sales growth, which should change the way that 
grid companies regard measures that reduce energy sales. In short, energy 
savings and distributed renewables may no longer cut into grid company 
profits.19

h Direct access and retail competition: The document emphasizes 
expansion of current provincial-level pilot programs that allow large 
users to bypass the grid companies and negotiate prices directly with 
generators.  The document requires that both demand-side and supply-
side parties be screened, with participation limited to those demonstrating 
good performance in terms of energy efficiency and compliance with 
environmental regulations.

h Demand-side management: The document calls for better demand-
side management and end-use energy efficiency, although financing of 
energy efficiency is not directly addressed.

Introduction
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h Improved generator dispatch: The document recognizes the need to 
improve dispatch, a significant source of inefficiency and curtailment of 
renewables.20

h Renewables integration: In addition to dispatch reform, the document 
discusses other challenges with renewables integration, including the 
need for new mechanisms for ancillary service provision and improved 
inter-provincial, and cross-regional power trading mechanisms. 

h Distributed generation: The document emphasizes the development 
of new mechanisms for distributed generation. It aims to remove market 
access barriers and allow distributed generation to participate in power 
trading mechanisms that may be developed.

h Power sector planning: The document stresses the need to revamp 
power sector planning and includes the declaration that “power planning 
should take full account of environmental carrying capacity.” 

In summary, the “Deepening Reform of the Power Sector” document is a 
broad roadmap for reforming the power sector. Since the document was 
released, several other supporting regulations have been issued. In general, 
these reforms point towards China gradually developing solutions to some of 
the country’s most pressing power sector problems, including those related 
to power system dispatch, planning, demand response, and renewable 
integration.

The following sections attempt to build upon the progress represented by the 
“Deepening Reform” document by making suggestions in four broad areas: 
incentive mechanisms to reduce curtailment of renewable energy, prioritizing 
the development of “energy efficiency power plants” over new coal plants, 
incentive mechanisms for investments in energy efficiency, and adjusting 
compensation for generator capital costs to speed reform of dispatch. These 
suggestions are not intended to be comprehensive. For example, issues 
such as transmission bottlenecks, local over-building of generation capacity 
in certain regions, and renewable curtailment necessitated by wintertime 
demands for coal-fired heating are not discussed here. Rather, this paper 
is intended to build upon the spirit of “Deepening Reform” by focusing on 
a few examples of how market mechanisms could help incentivize market 
participants to favor efficiency and clean energy.

The document 
stresses the need to 
revamp power sector 
planning and includes 
the declaration 
that “power 
planning should 
take full account of 
environmental carrying 
capacity.”
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One of the most 
important aspects 
of the “Deepening 
Reform” document is 
its call to use markets 
to improve power 
system dispatch based 
on emissions
and efficiency.

One of the most important aspects of the “Deepening Reform” document is 
its call to use markets to improve power system dispatch based on emissions 
and efficiency. Most power systems in other countries operate according 
to economic dispatch, based on a merit order of available resources that 
is updated throughout the day (see definitions on page 9). This approach 
seeks to use resources that are available to the grid in a way that minimizes 
operating costs, including fuel costs, operations and maintenance (O&M) costs 
and also ideally the societal costs of emissions. China’s present approach 
to power sector operations is much different in that it centers on an annual 
planning process that sets annual hours for thermal generators. This approach 
distorts investment decisions, hampers integration of renewable energy and 
increases costs and emissions. (Beginning in 2007, five provinces piloted an 
alternative dispatch approach known as energy efficient dispatch, although 
this was never expanded to cover the entire country.21)

China’s approach to power sector operations can be traced, in large part, 
to the approach to compensating generators. Prices for generators are set 
administratively on a per-kWh basis, based on a planned number of annual 
hours for each coal-fired generation unit. If coal units run less than their 
planned time they may not earn sufficient revenue to cover their fixed costs. 
Renewable energy has very low variable costs and should be dispatched 
before coal, but policies to try to promote this approach to dispatch have 
run into resistance from coal generators because of the tariff design for coal 
generators. This paper’s suggestions center on creating a business model for 
thermal generators to reduce hours of operation while still being compensated 
for maintaining capacity for times when it is needed to balance the grid. 

The approach to dispatch is rooted in China’s current compensation 
mechanisms for thermal power generation. This compensation is based on a 
fixed tariff per kWh generated. The tariff is designed to compensate generators 
for both fuel cost and capital cost, based on an annual plan for operating 
hours.22 This approach, while effective at ensuring generator availability and 
operations, also creates strong incentives for generators to oppose reductions 
in operating hours that might come from dispatch reform, because they would 
lose not only the revenue for covering operating expenses for those hours but 
also revenues intended to cover capital costs. 

“Deepening Reform” and associated documents indicate a strong push to 
reform dispatch, but have not fully addressed the root problem of generation 
pricing. There are different avenues to reforming generation pricing. The key is 
to break the link between meeting planned operating hours and the recovery 
of capital costs. In other words, it is important to create a business model 
that rewards efficient operation of the overall system—that is, one in which 

3. IMPROvInG EffICIEnCy Of POWER 
SySTEM OPERATIOnS ThROUGh 
GEnERATOR PRICInG REfORM
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thermal generation resources operate more or less frequently, depending 
on their efficiency, but are compensated for keeping their capacity available 
to be called on as needed (whether for energy, balancing, or other ancillary 
services). Such a model would reduce opposition to improved dispatch that 
reduces generating hours for less efficient and higher-emitting resources in 
favor of more efficient and cleaner resources. 

Two-part pricing is one potential near-term approach for China. The current 
benchmark tariff for thermal generators could be broken into a two-part 
price, with separate prices and payments for: (1) capacity (fixed costs), tied 
to generator availability, and (2) energy (variable costs), tied to generator 
output. This could be implemented relatively easily in China without much 
change to current power sector procedures, and could eventually evolve into 
a wholesale market. Zhejiang province recently announced a two-part pricing 
mechanism for gas-fired generation. 

Source:  Retroficiency, Greentech Media

Definitions

System operations The process, managed by system operators (which in China are located within the grid 
companies), of turning on and off (“committing”) and dispatching generating units to meet 
demand, subject to transmission and reliability constraints.

Merit order Ranking available sources of electricity generation (or other resources, such as demand 
response), iterated on an hourly or sub-hourly time-scale, and based on ascending 
order of variable cost. Ideally this ranking also includes the cost of emissions; see also 
‘environmental dispatch’, below. A merit order does not necessarily require a bid-based 
wholesale power market.

Economic dispatch The operation of generation facilities (or other resources, such as demand response) 
according to the merit order (see above) to produce energy at the lowest cost to reliably 
serve consumers, recognizing any operational limits of generation and transmission 
facilities.23 Under economic dispatch, generators with the lowest variable costs are the 
first ones to be brought online to meet demand, and the plants with the highest variable 
costs are the last to be brought online. Dispatching generation in this way minimizes the 
cost of producing electricity.

Environmental dispatch Form of economic dispatch that accounts for the environmental characteristics of 
generation in addition to fuel and other marginal costs. Environmental dispatch can 
be implemented by taking into account the marginal environmental cost of electricity 
production for various pollutants, including both air and water emissions.

Curtailment A reduction in a specific generator’s energy output from what it could otherwise produce 
given available resources.24 Intermittent wind and solar generation in China often face 
curtailment by the grid operator. Since State Grid does not compensate wind and solar 
developers for curtailment, wind and solar projects and experience a direct reduction in 
revenue. Generally, curtailment is caused by a lack of flexibility in the power system. Some 
options for increasing flexibility include reforming dispatch, widening balancing areas, 
reducing transmission congestion, adding new transmission lines, faster scheduling and 
dispatch, demand response, energy storage, and adding more flexible generation assets, 
among other approaches.

Wholesale power market  Wholesale power markets refer to the purchase or sale of electricity, ancillary services, 
and generation capacity in the bulk power system, which comprises the interconnected 
resources at the high-voltage level—generation, transmission, and interties to neighboring 
systems.25 China currently lacks a wholesale power market. 
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The amount of wind 
energy curtailed in 
2013 alone could 
power both the cities 
of Beijing and Tianjin 
combined for well over 
a month.

In the past few years, China has invested in large amounts of renewable 
energy resources, and it has ambitious targets for continued expansion. But 
China has struggled with the challenge of integrating variable generation 
resources into the power system–and there has been significant waste of 
wind energy and, increasingly, of solar energy. 

Although China has more wind power capacity than any other single country, 
it trails the U.S. in terms of wind energy generated.26 A significant proportion of 
wind energy is wasted—or“curtailed.”27 The amount of wind energy curtailed 
in 2013 alone could power both the cities of Beijing and Tianjin combined for 
well over a month.28 (Curtailment of hydroelectric resources has also been a 
problem.29)

China’s wind curtailment rate peaked at 16% in 2012, falling to 11% in 2013 and 
8% in 2014 (although there may be some reason to view the 2014 data with 
skepticism, given that 2014 appears to have been a low-wind year overall).30 In 
the first part of 2015, wind curtailment reportedly reached 18%.31 The national 
trend can be deceptive because curtailment rate trends are inconsistent 
across provinces—some locations are seeing worsening curtailment while 
others are seeing improvement.32 Integrating growing amounts of renewable 
energy resources will be a major challenge in many parts of the world for 
years (or decades) to come, as renewable energy resources become a more 
prominent source of power. However, China’s wind curtailment is already 
relatively severe. In the U.S., most wind-rich regions have curtailment rates 
below 4%, and some have curtailment lower than 1%.33 Italy and Denmark are 
in the range of 1-2%.34 

4. InTEGRATInG MORE REnEWAbLE 
EnERGy RESOURCES InTO ThE 
POWER SySTEM

bEIJInG TIAnJIn

A significant proportion of wind energy in China is wasted—or “curtailed.”   
The wind energy curtailed in 2013 alone could power both the cities of Beijing 

and Tianjin combined for well over a month.
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The overarching 
problem, particularly 
given that China’s 
renewable capacity will 
likely continue to rise 
rapidly over the next 
10 years, is the lack of 
flexibility in the power 
system to support 
renewables.

There is also reason to be concerned about curtailment of solar generation 
in China as the country rapidly adds solar capacity. For example, Gansu, a 
province that already has problems with curtailment of wind energy, is now also 
seeing significant curtailment of solar energy as it expands solar capacity. 35 
Between the third quarter of 2013 and the same quarter in 2014, Gansu solar 
plant capacity factors fell from around 19% to 14%, with solar plant operators 
reporting severe curtailment rates throughout the province.36

The overarching problem, particularly given that China’s renewable capacity 
will likely continue to rise rapidly over the next 10 years, is the lack of flexibility 
in the power system to support renewables. New investments will be needed, 
including in transmission, flexible generation, and demand response.

More specifically, reasons for this lack of flexibility include:

h Concentration of wind capacity in the northern and western regions of 
China, meaning a high amount of variable renewable energy relative to 
local power demand.

h Heavy reliance on coal-fired plants, inadequate planning processes, 
and inefficient dispatch.37 Coal-fired plants can be particularly inflexible, 
requiring significant time to start up and ramp output, in addition to wear 
and tear caused by cycling operations (adjusting output up and down over 
short time-frames). Coal plants can be operated more flexibly, but doing so 
increases their costs.38

h Lack of mechanisms in China to plan for and compensate generators for 
providing flexibility and ancillary services. 

h China’s approach to dispatch. A merit order approach would make much 
greater use of low- and zero-marginal cost resources (e.g., wind and solar)
and dispatch the thermal generators according to their relative efficiencies 
(i.e., heat rates). 

h Dispatch and power system balancing are handled primarily by provinces, 
with poor interconnections between provinces.  Dispatch and power 
system balancing would be easier with more regional (i.e., multi-provincial) 
dispatch and system balancing.

h Institutional barriers to interprovincial trading of electricity.39 

h The significant expansion of combined heat and power (CHP) generation – 
which cannot be turned off – in the northeast over the past decade. During 
the winter, dispatch centers (the system operator) use CHP units to meet 
heating demand, and because CHP units cannot readily be turned off 
during heating season, these plants are unable to be operated flexibly in 
response to changes in electricity demand and wind output.

The flexibility challenge is not just a technical one, but also institutional. System 
operations can enhance flexibility that is already in the system but currently 
not being used. In all countries, the system operator determines when to 
curtail non-dispatchable generation, and in China the system operator is not 
independent, but rather a part of the grid company. However, there may be 
additional measures that the grid companies could take to reduce curtailment 
in a cost-effective manner. Several policy directives (and China’s renewable 

Windfall: Power sector reform and increased grid 
flexibility would significantly decrease the amount 
of wind power that is wasted each year.
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energy law) require that renewable energy generation should be given priority 
dispatch over other generation sources.40 In addition, in March 2015, NDRC 
and National Energy Administration (NEA) issued a policy guidance document 
that re-emphasized the need for priority dispatch for renewable energy.41

As noted, the technical challenges of renewable integration are well 
understood by renewable energy experts in China. It is a multi-faceted 
problem that does not yield easily to single solutions. The key is to put 
together a policy package that will comprehensively address renewable 
energy integration and reduce curtailment. A full discussion of these issues 
is beyond the scope of this paper,43 but it is clear that the grid companies will 
play a major role in resolving the problem. Realigning the incentives of the grid 
companies to support renewables integration would provide clear motivation 
to grid companies to consider all possibilities before curtailing variable 
generation and to be more supportive—and innovative—regarding efforts to 
increase power system flexibility. Exposing the grid company at least partially 
to curtailment costs makes sense because they are well positioned to take 
action to address integration issues and reduce curtailment.

International examples can also inform shared compensation mechanisms. 
In several countries (and jurisdictions within countries), grid companies 
(or system operators) pay compensation to wind and solar generators 
when the generation is curtailed. This is a rising trend in the U.S., where the 
compensation arrangements are increasingly specified in detailed agreements 
between renewable energy generators and utilities.44 (However, not all grid 
operators compensate for renewable energy curtailment; Texas and Hawaii 
do not, for example.45) There are many variations on these cost-sharing 
arrangements, but there is a general emphasis on compensating generators 
for curtailment due to factors that are under control (or open to influence) 
of the grid company and system operator, including curtailments due to 
congestion, balancing purposes, and routine maintenance of the grid. 
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Utility or grid 
operator

Compensation 
provided

Limits 
Specified in 
Contracts

Reasons for Compensation Limits to Compensation

AESO No

APS Yes √
Limited annually, do not pay if directed 
by other transmission operators

BPA Some

CAISO Varies √
Some contracts for renewable energy 
brought online before sufficient 
transmission include compensation

No compensation for reliability caused 
or issues with interconnection studies

ERCOT No

HECO, HELCO No

ISO New England No

MISO Yes √
Wind generators eligible for MISO's 
make-whole payments, off-taker 
contracts may specify

NV Energy Yes √
Compensated for non-emergency 
situations or those unrelated to 
reliability

Not compensated under specific 
scenarios

PJM Yes
If wind curtailed below economic 
base point

No compensation if wind not providing 
required data or not following PJM 
dispatch signals

PSCO Yes √
Balancing purposes Transmission causes beyond control, 

limited annually

Salt River Project Yes Take-or-pay contracts

SMUD Yes
If CAISO curtails due to oversupply, 
SMUD compensates

SPP Yes √
Congestion-based curtailment has 
been compensated

No compensation for reliability-based 
curtailment.

Tucson Electric 
Power Yes √

For reasons under TEP's control No compensation for curtailment by 
others

COMPEnSATIOn fOR CURTAILED EnERGy In ThE U.S.

In many European countries, compensation for curtailment is specified in 
government policy or legislation. Some jurisdictions, including Ireland, Italy, 
and Romania, compensate generators for the market value of curtailed energy. 
In other countries, renewable energy generators receive only a fraction of the 
value of curtailed energy, ranging from 15% to 50%.46 Legislation in Portugal 
requires wind producers to be compensated, but only for losses that exceed 
50 hours at full capacity.47

Currently, in China, the grid companies do not bear any of the costs of 
curtailment. Changing this so that grid companies pay for part of curtailment 
costs—even if it is only a fraction, or only under certain circumstances under 
grid company control, possibly determined by a third party—could better 
align grid company incentives toward greater facilitation of renewable energy 
resources. Although in some countries or jurisdictions there is full (or near 
full) compensation to the generator for curtailment, we do not advocate that 

Source: U.S. National Renewable Energy Laboratory, 2014
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We do not advocate 
that generators in 
China should be 
compensated for 100% 
of curtailed energy.
Instead, we believe 
generators should 
continue to bear some 
of the costs associated 
with curtailment.

generators in China should be compensated for 100% of curtailed energy.
Instead, we believe generators should continue to bear some of the costs 
associated with curtailment. This will help provide an incentive to investors 
and plant owners to locate new renewable generation capacity in areas where 
transmission is adequate and curtailment is less likely. Indeed, compensation 
for curtailed energy may work best in situations with a robust approval 
process for wind and solar plants.

Because of the technical complexity of generation curtailment, partial 
compensation for curtailed energy is not a cure-all for renewable integration 
problems—nor is it necessarily the most important solution. A number 
of Chinese organizations and government entities have researched the 
curtailment problem and reached a variety of conclusions about steps that are 
needed to reduce curtailment. These include: major increases in transmission 
capacity from areas with high renewable energy (including the development 
of ultra-high voltage transmission lines as envisioned in State Grid’s plan for 
a Global Energy Internet), restrictions on new renewable energy capacity 
in areas with insufficient local power demand or transmission capability, 
increased regional power trading, larger energy balancing areas, shorter 
generation dispatch times (such as 15-minute or 5-minute scheduling, as 
practiced in some areas of the U.S.), improved renewable energy weather 
forecasting, more demand response, and greater attention to distributed 
energy versus utility-scale renewable energy. Nevertheless, we suggest that 
sharing of curtailment costs can be an effective way to align incentives with 
the search for solutions in these and other areas. 
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China's grid 
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rank on the list of the 
largest firms in the 
world, play a central 
role in the power 
sector and thus have 
a large role to play 
in transforming the 
sector.

China’s grid companies, which rank on the list of the largest firms in the world, 
play a central role in the power sector and thus have a large role to play in 
transforming the sector. The “Deepening Reform” document signals a new 
approach to regulation of grid companies, including national implementation 
of a method that is close to what is called revenue regulation in the United 
States. Careful design of this grid company regulatory reform will be essential 
for ensuring that the power sector plays its role in meeting the government’s 
goals for air quality, energy efficiency, and renewables. 

The importance of grid company incentives to energy efficiency programs 
has also been seen in many other countries. In the United States and 
elsewhere, utility regulators see an important part of their task as designing 
and implementing mechanisms to align the behavior of profit-seeking utilities 
with social and environmental goals of policymakers. In particular, the U.S. 
now has decades of history with regulatory incentive mechanisms that shift 
utilities toward a business model that includes significant investment in end-
use energy efficiency.

A core function of U.S. regulatory agencies is to establish mechanisms and 
procedures to:

h Allow the utility an opportunity to earn sufficient (but no more than 
sufficient) revenue; 

h Establish consumer prices that provide that allowed revenue; 

h Align the behavior of the utilities with public policy objectives, including 
investment in end-use energy efficiency. 

The third item has become particularly important in the U.S.48 Beginning in the 
late 1980s, various states made changes to the traditional approach in order 
to remedy these incentives to resist energy efficiency. This became particularly 
important as states began to develop utility-delivered energy efficiency 
programs (similar to the obligations on grid companies in China to invest in 
end-use energy efficiency). Broadly speaking, these states now employ two 
types of mechanisms, sometimes both at once. First, decoupling mechanisms 
break the link between profits and energy sales.49 But decoupling only removes 
disincentives toward energy efficiency; it does not motivate the utility to invest 
in energy efficiency as a resource. This is where the second type of incentive 
mechanism comes in: specifically, financial incentives to encourage utilities 
to invest in end-use energy efficiency. Some state regulatory commissions 
have implemented mechanisms that provide financial rewards when the utility 
meets specified targets for promoting end-use energy efficiency.50

In November 2014, the NDRC launched a “transmission and distribution 
pricing” pilot in Shenzhen that for the first time in China makes strides 
toward decoupling grid company profits from energy sales while opening 

5. bOLSTER ThE ShEnzhEn PILOT TO 
SUPPORT EnD-USE EnERGy EffICIEnCy
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the possibility for aligning the behavior of the grid companies toward energy 
efficiency.51 Implementation of these grid company regulatory reforms is very 
important, given that the “Deepening Reform” document has signaled that the 
Shenzhen pilot will be gradually extended to the rest of the country. So far, pilot 
provinces include Inner Mongolia, Anhui, Hubei, Ningxia, Yunnan, and Guizhou.

When rolling out the Shenzhen pilot for national implementation, we suggest 
Chinese authorities should be sure to recognize and reinforce how the 
pilot creates incentives for the grid companies to support end-use energy 
efficiency. (Such demand-side management incentives are likely to be included 
in the new West Inner Mongolia grid company reform pilot.52) There are at 
least two ways in which the pilot might make it more attractive for the grid 
company to implement end-use energy efficiency:

h Because the Shenzhen grid company will receive a capped level of revenue 
over a three-year regulatory period, which will not vary based on the amount 
of electricity it sells, reduced sales resulting from demand-side management 
and energy efficiency programs will not affect the grid company’s financial 
position (an effect similar to decoupling in the United States); and

h The Shenzhen grid company should, in principle, be able to claim expenses 
associated with energy efficiency programs as allowed costs. However, in 
practice, it is not clear whether this is being approved.

There is much valuable experience from U.S. states about best practices and 
possible pitfalls that will be useful as the new approach to grid company 
regulation is expanded to other parts of China.

Test case: In November 2014, Shenzhen (pictured here) became the first pilot city to test the decoupling of grid company profits from energy sales. This will open the 
possibility for aligning the behavior of grid companies toward more energy efficient practices.
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End-use energy 
efficiency can be a 
resource for the power 
sector in the same 
way that power plants 
are. Energy efficiency 
is usually a much less 
expensive and much 
cleaner option.

In recent years, China’s coal-fired capacity has continued to grow rapidly, with 
36 GW added in 2014.53 While coal expansion has slowed from peak years, 
this growth in coal-fired capacity appears to be inconsistent with China’s 
goals for emission reduction and cost-effective development of the power 
sector, particularly given slowing demand for electricity and rapid expansion in 
renewable energy resources. The continuing expansion in coal-fired generation 
can be partly attributed to inadequate planning processes and investment 
approval procedures that are not sufficiently connected with planning.54

In the best examples from other countries, planning works to identify resource 
needs to satisfy demand for energy services while meeting emissions goals. 
The main idea is to coordinate plans for transmission resources, demand-
side resources, and conventional supply-side resources in order to maintain 
reliability while minimizing costs, risks, and environmental damage. Comparing 
the costs and benefits of these different resource choices on an equal basis 
identifies opportunities for cost- and emission-savings. In particular, end-use 
energy efficiency is typically a plentiful and inexpensive resource that can 
effectively displace the need for new power plants. This is important even in 
places with a liberalized market approach. Market mechanisms can help guide 
capital to needed investments in the power sector, but these markets need 
to be well-designed and regulated to support policy objectives. In addition, 
even in a liberalized market context, some resource investments, including 
transmission resources and demand-side resources, may not be subject to 
market mechanisms, yet these investments need to be coordinated with 
investments that are subject to market mechanisms.

End-use energy efficiency can be a resource for the power sector in the same 
way that power plants are. Energy efficiency is usually a much less expensive 
and much cleaner option. There is much experience in other countries with 
investing in energy efficiency in order to displace the need for new power 
plants, new transmission and distribution infrastructure. Some places, such 
as California, have gone as far as to declare energy efficiency the “priority 
resource” for the power sector and require that electric utility resource 
procurement plans include all “cost-effective, reliable, and feasible” energy 
efficiency.55

China has some of the elements for such an approach. The 1995 Electricity 
Law states that “planning … shall reflect … coordinated development of 
power sources and power networks, increasing economic benefits, and 
being conducive to environmental protection.56” The “Deepening Reform” 
document recognizes the need for a major revamp of power sector planning, 

6. A fIRST STEP TOWARD InTEGRATED 
RESOURCE PLAnnInG: PILOT A nEW 
APPROvAL PROCESS fOR nEW COAL-
fIRED POWER PLAnTS
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and the other recent official announcements indicate that the 13th Five-Year 
Plan is taking up the task.57 In addition, Chinese government agencies and 
researchers have made strides in developing the concept of the “efficiency 
power plant” (EPP)—that is, the idea of bundling end-use energy efficiency 
investments in a way that would help power sector planners to directly 
compare energy efficiency resources with conventional power plants. 
However, in practice, planning processes are fragmented and China lacks an 
adequate framework for comparing the costs and benefits of various supply-
side, demand-side, and transmission resources. A closely related problem is 
that approval of investments doesn’t necessarily follow either policy guidelines 
or the planning processes that do exist. Power sector firms appear to be able 
to sometimes gain approval for investments that may not be in line with those 
policy objectives.58

In recent decades, the energy intensity of China’s economy—measured as 
energy consumed per unit of GDP—has fallen considerably, although there is 
undoubtedly significant room for continued reductions. The decline in energy 
intensity has been driven, in part, by improvements in end-use efficiency. In 
turn, the improvements in energy efficiency have resulted in part from policies 
specifically designed to promote energy efficiency investments in heavy 
industry and other sectors, as well as tightening energy efficiency standards 
for buildings, transportation, and other areas of the economy. 

Despite these policy successes, energy efficiency policy does not yet play 
an effective role in the power sector, and energy efficiency is still not fully 
acknowledged as a power sector resource. There is no mechanism or process 
to compare or trade off energy efficiency investments against investments 
in conventional power plants. In other words, conventional power plants are 
often built instead of energy efficiency alternatives, even though the energy 
efficiency alternatives would likely be less expensive, cleaner, and equally 
reliable. 

Our medium-term suggestion for China is to gradually develop a 
comprehensive and coordinated resource planning process for the power 
sector that would directly compare demand-side resources (including EPPs), 
supply-side resources, and transmission resources in an integrated manner. 
This planning process should include consideration of environmental costs 
associated with each resource. There are useful examples of this kind of 
planning in leading states in the U.S., where state regulators have evolved 
useful methods and sophisticated techniques that compare and identify a 
desired mix of resources—often called integrated resource planning or IRP.59  
In these states, the utility works with regulators to develop a multi-year 
electric utility plan for meeting annual demand for energy services through 
a least-cost combination of supply-side, demand-side, and transmission 
resources. This approach has led to increased investment in end-use efficiency 
by recognizing the value of energy efficiency and supporting investments in 
energy efficiency as a resource.

In the leading state-level examples in the U.S., IRP has developed over many 
years as planners and policymakers have developed the necessary analytical 
tools and institutional capacity.60 We expect that Chinese authorities could 
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draw on this experience and move much more quickly. Nevertheless, we 
offer a rudimentary first step toward IRP that we believe could contribute 
to alleviating the bias toward investment in coal-fired generation, mitigating 
the current tendency to overbuild coal capacity, and unlocking more of the 
potential of energy efficiency as a resource for the power sector. It involves 
modifying the coal-plant approval process by imposing a requirement to 
compare the cost-effectiveness of a proposed coal-fired plant versus a 
proposed (or default) portfolio of efficiency projects, with an assessment of 
the emissions and coal savings from the efficiency investment relative to the 
coal plant. This comparison would take into account:

h Heat rate or grams of coal per kWh (EPPs burn zero grams per kWh saved);

h Emissions in grams of sulfur dioxides, nitrogen oxides, and carbon dioxide 
per kWh (EPP emissions are zero per kWh saved); and

h Cost on a levelized per-kWh basis.

The levelized cost for an EPP can be estimated from existing energy efficiency 
investments in China, and the results of the analysis will likely show that 
EPPs are typically around a third of the cost of a coal-fired plant.61 Under this 
practice, coal-fired power plants could not receive approval unless they could 
exceed the performance of alternative EPP in all three categories. We suggest 
piloting this in a province or region that is attempting to implement strict limits 
on expansion of coal-fired capacity.

This suggestion is intended to illustrate a simple first step toward a more 
comprehensive resource planning process. The journey toward fully-integrated 
resource planning may take years and it is necessary to start with a logical 
first step. Our suggestion would effectively bolster existing policies for coal 
control and the restriction on new coal-fired power plants. Moreover, it would 
provide impetus for strengthening policies to fund and “build” any EPPs 
needed to take the place of coal-fired power plants. This could be achieved by 
expanding the existing requirement on grid companies, in place since 2011, to 
invest in end-use energy efficiency.62

In recent decades, 
the energy intensity 
of China’s economy—
measured as energy 
consumed per unit 
of GDP—has fallen 
considerably, although 
there is undoubtedly 
significant room for 
continued reductions.
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The question at 
hand is whether 
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The March 2015 “Deepening Reform” document issued by the Central 
Committee of the Communist Party and the State Council sets the stage for 
the power sector to be remolded in a way that will support emissions and air 
quality objectives, while continuing to support China’s economic development. 
The question at hand is whether the broad principles set out in the policy 
announcement will be backed up and made workable by well-designed 
regulations and effective implementation. This paper has offered four main 
suggestions that are opportunities for quick wins—that is, measures that can 
be implemented feasibly and speedily in the context of China’s current power 
sector structure. The majority of the suggestions relate to incentives and price 
signals for power sector companies. These fit well with the emphasis in the 
“Deepening Reform” document on market mechanisms, and they are in line 
with international experience in recent decades. 

7. COnCLUSIOnS

All four of these suggestions touch on some of the major lessons from 
international experience with power sector policy and regulation: power 
sector planning and enforcement need to work together with well-designed 
market mechanisms and regulatory incentives in order to achieve policy goals 
for emissions and reliability. 

Reform generation pricing to 
facilitate improved generator 

dispatch.

1 2 3

Create incentives for grid companies 
to better support integration of 
renewable energy resources.

Support end-use demand-side 
resources within the context of the 
new “transmission and distribution 

pricing” reform plan.

As a first step toward integrated 
resource planning, require that a 

comparison with energy efficiency 
resources be included in the coal 

plant approval process.

four power sector quick wins to support 
emissions and air quality objectives
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