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Introduction

The Chinese government plans to launch a national carbon emission trading scheme (ETS) in
2017, covering petrochemical, chemical, building materials, iron and steel, nonferrous
metals, papermaking, electric power and aviation, among other sectors.?

China’s electricity sector accounts for more than 50 percent of the country’s annual coal
consumption and contributes about 40 percent of its CO; emissions, so power sector policy
will be critical to the success of the ETS.

At the same time, a major power sector reform effort is also underway in China, launched in
March 2015.% The policy reform announcement includes “emission reduction” and “energy
conservation and environmental protection” as “basic principles” for power sector reform.
However, progress has been uneven and many implementation details have yet to be ironed
out.

So far, there has been insufficient coordination between power sector reform and design of
the ETS. The carbon market is unlikely to be very effective in transforming China’s power
sector unless ETS design is carefully integrated with power sector reform. This paper will
address the links between ETS implementation and one aspect of power sector : dispatch
reform. In particular, this paper will briefly introduce the topic of power sector dispatch
reform for the benefit of policymakers and stakeholders in China who are focused on
broader issues of national ETS design. We will explain how power sector dispatch reform is
one element needed to facilitate the effective operation of the ETS in this crucial sector. In
subsequent papers, we will discuss integrating ETS design with other aspects of power
sector reform.

What is generator dispatch?

The power sector has some characteristics that are very different from other sectors that

will be covered under China’s emissions trading scheme. Unlike, say, steel or aluminum,
which can be produced ahead of time and stored in warehouses until delivered to customers,
electricity generation must be matched with use of electricity on a moment-by-moment
basis.?

! State Council 13t Five Year Plan, Controlling Greenhouse Gas Emissions Working Agenda (“+=7." %R =
SARHE AR A ED

2 Document 9, State Council and Central Committee of the Communist Party, Opinions on Deepening Electricity
Reforms (¢T3 — D IRk B AR B4 1R &5 0; March 2015)

3 In the future, there may be large-scale storage of electricity, in the shape of large batteries or other forms.
However, although storage costs are decreasing, it is still expensive and will likely be limited, compared with the
overall size of the power system, for some time.
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Electricity grids are managed by system operators, who are responsible for maintaining
near-instantaneous balance of overall supply and demand on the grid. Demand fluctuates
throughout the day, as do other conditions on the grid, such as congestion of various
transmission lines.

Generator dispatch is the process, managed by the system operators, of deciding which
generators to use to meet demand and maintaining stability of the grid.* The system
operators must make these dispatch decisions on a day-by-day, hour-by-hour, and minute-
by-minute basis so that electricity demand and supply are always in balance. In recent years,
system operators have begun to face a new challenge of balancing the grid with the
presence of growing amounts of renewable sources of generation—wind and solar—that
cannot be directly controlled in the manner of a traditional coal- or gas-fired power plant.
This challenge is surmountable, but requires multi-faceted solutions, including efficient
approaches to dispatch, along with other technical approaches and changes to electricity
pricing and other areas of power sector policy. Dispatch reform in China is the subject of the
current paper.

Economic dispatch: The guiding principle of dispatch
in most of the world

In North America, Europe, and most other places in the world, system operators make
dispatch decisions based on the “economic dispatch” approach. The basic idea of economic
dispatch is to rank each available generator by operating cost (also called “short-run
marginal costs” or “variable costs”). Operating cost mostly reflects fuel cost and the
efficiency with which the generator converts the fuel into electricity. Where there is a
carbon price, the cost of emissions is also (at least partially) reflected in the operating cost of
each generator.

According to this ranking of available generators, also known as the “merit order,” the
system operator makes use of the least costly generators first.” The system operator repeats
this exercise multiple times each day in order to deal with fluctuating demand, supply, and
grid conditions. The system operator may not always be able to use the least-cost generator,
due to grid congestion or other changes in grid conditions, but minimization of total
operating costs (across generators) is a key principle for operation of the grid.

Figure 1 demonstrates a merit order for a given hour on a hypothetical power system.
Renewable energy has zero fuel cost and zero social cost of emissions, so when it is available,
it is usually ranked first in the merit order. Coal- and gas-fired generators have varying levels

4In Chinese, the word “diaodu,” literally “dispatch,” is commonly used to refer to a wide variety of system
operations, including day ahead and real-time operations. We follow that usage here.

5 Note that capital costs are not reflected in the dispatch ranking. The basic logic is that dispatchers are
responsible for minimizing the costs of producing electricity from the set of resources that already exist.
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of efficiency, and thus different operating costs, so have different positions in the merit
order.

What does economic dispatch have to do with
emissions trading?

Carbon pricing and economic dispatch interact to support renewable generators and other
relatively low-emissions generators. Because carbon costs are part of any generator’s
operating costs, and because carbon emissions vary across generators, a carbon price
reinforces the position of relatively-low emission resources in the merit order. Carbon
pricing can sometimes cause rearrangement of the merit order in favor of relatively low-
emissions generators. In addition, in the EU and US the interaction of carbon pricing and
economic dispatch typically allows relatively low-emission generators to earn higher
revenue in any given year.® In turn, this provides incentive to investors to invest in more
low-emissions generation capacity and to invest less in high-emission capacity. In the
context of a typical competitive electricity spot market, all generators are paid the market
price and the effect of implementation of a carbon price will be to increase profits for zero-
emission power plants (as in Figure 1).

Figure 1. Carbon pricing in the context of merit order dispatch and a competitive
spot market: A simplified example
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How generator dispatch works in China

In China, the power sector—including the approach to dispatch—evolved in a way
significantly different from the rest of the world. In recent decades, policymakers put great
emphasis on ensuring the rapid expansion of generation capacity to meet demand for

6 Where does this higher revenue come from? Many parts of the US and Europe have electricity wholesale
markets, in which all dispatched generators are paid the marginal cost of the last generator dispatched. In this
way, a carbon price leads to higher revenues for generators that have better rankings in the merit order. For
renewable generators, with near-zero marginal costs and zero emissions, higher prices mean higher revenues.
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electricity from heavy industry. To support investment in power plants, an annual planning
process was implemented with the goal of providing a stable source of revenues to
generators—which, in practice, focused on coal-fired generation. Dispatch decisions were
required to support this plan and were based on the objective of making sure each coal-fired
generator gets an annually planned allocation (4% /% Hi & 11-%ll) of operating hours. In
short, minimizing operating costs were typically not a focus of system operators. The
generators dispatched at any given moment were often not the lowest-operating-cost
generators available.

In past decades, the downsides were limited: Because industrial demand tends to be fairly
constant throughout the day, with many factories running production at a more-or-less
constantly throughout the day and night, the system operators’ task of balancing the system
from hour to hour was relatively straightforward and there was little need for flexibility. In
short, China’s approach can be considered to have been quite successful in meeting the goal
of mobilizing huge investments in generation capacity to support the development of heavy
industry. This was a significant accomplishment that other developing countries have
struggled to match.

However, while the approach to dispatch that evolved in China may have suited China’s
conditions in earlier years, it now represents significant inefficiency. China’s typical approach
to dispatch is not sufficiently flexible to support the rising variability of demand (due to
increasing importance of non-industrial customers) and supply (due to growing wind and
solar generation). The approach to dispatch contributes to significant curtailment of wind,
solar, and hydro generators. (See Figure 2.) In addition, China’s typical approach to dispatch
means that less efficient coal-fired power plants are often used when more efficient plants
are available. As a result of these problems, power sector costs and emissions are
unnecessarily high.

Emissions trading and dispatch in China

China’s approach to generator dispatch represents a barrier to the working of carbon pricing.
In principle, carbon pricing should increase the operating cost of high-emission power plants.
In other countries, this then influences the dispatch merit order, resulting in lower-emissions
resources being used first. This also sends signals for more investment in low-emissions
resources. But, as we have seen, in China system operators have typically not dispatched
based on operating costs. This means that the economic signals associated with carbon
pricing are not effectively transmitted through the power system.
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Figure 2. Wind Energy Curtailment in China, with International Comparison’
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Dispatch reform in China

A number of pilots and policies in recent years have attempted to reform dispatch in recent
years. For example, China has had a law requiring mandatory purchase of renewable energy
since 2007. Several provincial pilots for “energy efficient” dispatch have been under
operation for years. Since March 2015, dispatch reform is a major part of the current power
sector reform effort (9 5 ) . Recently there have been several new policy documents
intended to reform dispatch and reduce renewable energy curtailment. Relevant documents
include:

o Document 518, Improving Operation and Utilization of Clean Energy
( CRTBE s AT T (R B REVR 2 A K e S R L) D

e The revised Air Law, which requires that “clean energy be given priority in electricity
dispatch” (Article 42).% ( (Hpae N RILANE LS T5 §BhiR75) D

e The US-China Joint Presidential Statement on Climate Change, issued in September
2015, in which China commits to “promote green power dispatch, giving priority, in
distribution and dispatching, to renewable power generation and fossil fuel power
generation of higher efficiency and lower emission levels.”

o Document 625 of March 2016, Measures for Guaranteed Full Purchase of
Renewable Energy Allocation, again emphasizes generation priority rights for
renewable generators and outlines new compensation for curtailment.

7 For data for Jilin, Gansu, Xinjiang and China, see: {2015 £EXUFE LR RIBM) |
http://www.nea.gov.cn/2016-02/02/c_135066586.htm; for data for Germany and US, see: Morris, C. (2015,
November 23). Renewable Power Curtailment Skyrockets in Germany. Energy Transition. Retrieved from
https://energytransition.org/2015/11/renewable-power-curtailment-in-germany/

8 «rl F R N ML S R BE BT RE IR & B _E Y, http://news.xinhuanet.com/legal/2015-
08/30/c_128180129.htm
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e July 2016, Notification on Orderly Liberation Generation Output Planning (request
for public consultation draft) ( (& FHOT & A BRI TTAER@ER (ERE
WA )

These policy statements indicate increasing attention to dispatch reform. These may lead to
improvements in system flexibility, reduction in curtailment, reduced costs, and lower
emissions. However, implementation details are still unclear. The policies also stop short of
calling for a transition to true economic dispatch.

One significant sticking point for dispatch reform is likely to continue to be generator
compensation. The current structure of on-grid pricing makes generators reluctant to
support dispatch reform for fear of losing revenue and profits. The current structure also
severely limits the business case for investing in more flexible coal- and gas-fired power
plants—and limits the business case for operating existing power plants more flexibly. The
policy statements to date have yet to delineate a clear path for resolving compensation
issues and for providing incentives for much-needed flexibility.’ The 13" Five Year Plan for
Electricity, released in November 2016, calls for an electricity “spot market.” If designed and
implemented well, such a spot market could solve compensation problems and serve as a
guide for economic dispatch.

Conclusions

One of the channels through which an ETS can help decarbonize the power sector is through
reinforcing the position of low-emission generators—including renewable energy generators
and relatively efficient coal-fired generators—in the dispatch order. The “economic dispatch”
approach used in other countries complements carbon pricing by prioritizing relatively
efficient generators on a day-by-day and hour-by-hour basis. However, system operators in
China typically do not use economic dispatch, and their approach to generator dispatch is

still inefficient and unnecessarily rigid. Implementation of carbon trading—without
complementary dispatch reform—will be unable to fully achieve key goals of decarbonizing
the power sector.

Dispatch reform is now getting under way, as a part of broader power sector reform.
However, the road to implementation is not yet clear. Close involvement with the details of
dispatch reform will be important for the decision-makers responsible for designing a
national carbon trading scheme that covers the power sector.

% For more on this generator compensation issue, see Paulson Institute. Power Sector: Deepening Reform to
Reduce Emissions, Improve Air Quality and Promote Economic Growth. Retrieved from
www.paulsoninstitute.org/economics-environment/climate-change-air-quality/research/power-sector (Chinese
and English versions)
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