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Key Findings

While there is now an abundance of research and a first crop of textbooks on the topicof
competition in electricity markets and their design, the literature tailored to developing
countries is surprisingly thin. Extensive research on markets in developed countries can
assist in the design of markets elsewhere, but do not provide ready-made plans. Intelligent
market design needs to consider the state of development, including potentially different
policy objectives and the institutional capacity of developing countries.

To fill this gap, the 2019 World Bank report, Rethinking Power Sector Reform in the Developing
World, took stock of the nature and pace of power sector reforms enacted in the
developing world. Its comprehensive, historical perspective highlighted preconditions for
the introduction of a market. Further, an upcoming report from the International Finance
Corporation, “Creating Markets: Power Markets for Development,” classifies power systems
and markets in 230 countries and territories and highlights some of their design features.

Both works are valuable, citing recent sources of information about electricity markets. A
primer that unites the concepts underlying the design of any electricity market with design
considerations that consider the contexts of developing economies, including location-
specific issues, pitfalls to avoid, and global lessons learned, would be a useful complement.
The present primer is intended as such a primer. It does not provide predefined “best
solutions,” but instead lays out key design principles and market design challenges.
Reflecting the current state of the art, the primer aims to support policymakers
contemplating market reform, as well as their advisors, by presenting debates about
market design in nontechnical terms.

This primer distills key points from textbooks and the broader academic/industry literature.
It extrapolates the core issues and concepts that typically fill a 400-page textbook or several
thousand pages of technical research papers into a succinct, 60 pages of nontechnical
descriptions useful for World Bank staff, consultants, and stakeholder organizations in
partner countries.

Unbundling vertically integrated monopolies is well understood, but just the beginning of
reform. Electricity markets do not respond well to laissez-faire approaches. They require
market design, carefully crafted for each system to meet specific policy objectives that
often go beyond cost reduction through competition. This primer walks readers through
the complex maze of benefits, issues, and trade-offs. As it presents design options, it helps
readers to frame the right questions in order to explore these options in greater depth.

The designs of electricity markets are still evolving. Barely three decades ago, it became
feasible to introduce advanced, bid-based electricity markets compatible with the physical
operation of a power system. Globally, 56 countries now feature power systems with

Vi FOREWORD



competitive, cost- or bid-based wholesale markets. These include most countries in the
Americas, Europe, and Oceania (except for small island economies), as well as a growing
number of countries in Asia: India, Japan, the Philippines, Singapore, and the Republic of
Korea. China is experimenting with competitive, wholesale markets in several provinces.
Yet, only one in five developing countries has introduced a wholesale market during the
past 25 years. Several other developing countries are exploring whether and how to move
to wholesale electricity markets.

As new technologies are introduced both on the supply (e.g., renewable energy, battery
storage) and demand (e.g., electric vehicles, distributed generation, demand response)
sides, greater market design challenges are posed to many client countries, whether they
have a working market or are considering establishing one.

Amid growing appreciation of the constraints of relatively small, developing systems,
interest is rising in regional electricity markets and regional power pools, with examples
offered by advanced regional markets such as the Southern African Power Pool (SAPP) and
Central American Electrical Interconnection System (SIEPAC). Regional markets connect
electricity systems across national borders to enable electricity trade and the sharing of
reserves, allowing smoother integration of larger shares of variable renewable energy
sources and quicker adoption of new technologies.

This primer will be followed by a series of knowledge notes that delve deeper into more
specific technical issues of interest to World Bank staff and stakeholders in client countries
including regulators, system operators, ministries, and utilities. The specific topics of these
papers will be selected based on feedback from World Bank staff and client organizations,
but they are expected to cover the role of markets in the transition toward decarbonized
and green systems of the future, and to include good practice notes on facilitating new
technologies and enabling flexible electricity grids through new market instruments,
transmission interconnectivity, regional trade and markets, and legacy and contractual
solutions.
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PURPA
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SO
SOE
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VRE
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WPT

alternating current

battery energy storage
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distributed energy resources
Development Policy Operations
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Energy Regulatory Commission
financial transmission rights
independent power producers
kilowatt-hour

megawatt-hour

independent system operators
levelized cost of electricity
operation and maintenance

over the counter

power purchase agreements
Public Utility Regulatory Policies Act
Regional Greenhouse Gas Initiative
Southern African Power Pool
Central American Electrical Interconnection System
system operator

state-owned entity

transmission and distribution
variable renewable energy

West African Power Pool
willingness to pay

All currency is in United States dollars (US$, USD), unless otherwise indicated.
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Executive Summary

Barely three decades ago, it became feasible to introduce advanced, bid-based electricity
markets compatible with the physical operation of a power system. Today, around 60 countries
have power systems with competitive cost- or bid-based wholesale markets. These include
most countries in the Americas, Europe, and Oceania (except small island economies),

as well as a growing number of countries in Asia including India, Japan, the Philippines,
Singapore, and South Korea. China is experimenting with competitive wholesale markets

in several provinces. Several other developing countries are exploring whether and how

to move to wholesale markets in their power systems.

Interest in creating electricity markets also arises from the examples offered by power
pools that interconnect electricity systems across borders to enable electricity trade and
the sharing of reserves, including several relatively advanced regional markets like the
Southern African Power Pool (SAPP) and Central American Electrical Interconnection
System (SIEPAC).

It has become common to classify the structure of electricity systems based on the extent
and type of competition that they feature (See, for example, Hunt 2002):

e Vertically integrated monopoly: Systems run by a single monopoly.

e Single buyer: Systems whereby monopolistic companies carrying out transmission and
distribution (and often some generation) buy some or all electricity from generators.
This is competitively procured under long-term power purchase agreements (PPA),

a form of competition “for the market.”

o “Wholesale and retail competition: Systems whereby “merchant” generators compete
with one another on an ongoing basis (head-to-head) for sales to distribution
companies and other users, a form of competition “in the market.” Under wholesale
competition, only large customers buy from the market. Under retail competition, all
customers have a choice of retailers or suppliers to buy from. Retailers, in turn,
aggregate the demand of their customers and buy “in bulk” at the wholesale level.!

This primer focuses on competition in the market: the creation of competitive markets for
electricity generation. As such, it summarizes a number of well-understood sector reforms
needed to embed competitive markets in electricity systems. It then explains that putting
the players in place, by unbundling monopolies for example, is just the beginning of
reform. Laissez-fair approaches do not work for electricity markets. They require market
design, carefully crafted for each system to meet a wide range of objectives that go beyond
cost reduction.

This primer suggests ways to think about designing competitive electricity markets. It does
not provide “recipes,” but lays out design principles and several key market design debates.

X KEY FINDINGS



The primer is meant to be a primer of sorts, supporting policymakers contemplating market
reform, as well as their advisors, by presenting the debates about market design in
nontechnical language.

The primer starts with a brief overview of the evolution of competitive power markets and
the current global landscape of electricity markets. It further reviews the arguments for
markets, including existing evidence as well as basic preconditions for market reform. The
main body of the report then walks through key market structuring and design issues,
including considerations to address decarbonization objectives. Topics addressed include
the promises and challenges posed by the integration of variable renewable energy and
new technological solutions such as battery energy storage (BES) and distributed energy
resources (DER). The report concludes with a brief characterization of key market design
choices and a generic list of process steps required for market reform.
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Electric power systems emerged in the second half of the 19th century and were typically
owned by private investors, where generation had to be close to the location of consumption
(Klein and Roger 1994). Different uses of electricity (e.g., streetcars or lighting) required
different voltages and separate lines. The market structure was composed of distributed
generation and mini grids, mainly using direct current (DC).

Integrated, state-owned monopoly companies became the organization of choice by the
mid-20th century. Alternating current (AC) made long-distance transport (high-voltage
transmission) advantageous, allowing economies of scale for generation plants and trade
among deficit and surplus areas. Larger systems were developed at the municipal, regional,
and national levels. The monopolies performed all functions, including generation,
transmission, and distribution.

Power monopolies underpinned the unprecedented economic growth of the second half

of the 20th century, although performance was uneven. In more advanced economies,
monopoly utilities usually delivered power to citizens at a high cost due to the lack of
incentives to operate and invest efficiently (Joskow and Schmalensee 1983). In developing
economies, many power companies failed to provide access and quality of supply. They
operated unreliably (Huenteler et al. 2017), primarily due to a lack of managerial accountability,
outdated infrastructure, operational inefficiencies (poor collection rates and high rates of
technical and commercial losses), and, most importantly, end-user tariffs being set below
cost-recovery levels. Issues such as inefficient planning, operations, and investment plagued
many monopolies (World Bank 1994). A recent review finds that in many cases, such
problems persist, not least due to politicized governance (World Bank 2019).

Governments began to introduce competition in electricity systems due to various problems
related to specific country contexts. These included: (1) inefficiencies in investment resulting
in over- or undersupply; (2) high operating or investment costs; (3) poor billing and collection;
(4) pressure on the fiscal system resulting in a drain on public finances; and (5) a need to
attract private finance. Furthermore, the incumbent monopoly may not adopt improved
technologies adequately, including those required to address greenhouse gas emissions.

Market-oriented reform sought to address multiple problems in the electricity system.

In principle, an efficient electricity market can deliver the same or better quality and
reliability of supply as a highly commercialized, state-owned enterprise (SOE), but with
less commitment of public funds. If properly regulated and incentivized, private market
participants may be stricter in allocating capital, managing construction costs, and
coordinating operation and maintenance (O&M) costs over the lifecycle of an asset than
the public sector. Private market participants might also be better able to manage risks or
push back against political pressures than a SOE with weak governance. Relevant reform
efforts can also facilitate a systematic analysis of problems and force policymakers to
confront core issues.

The search for competitive markets may motivate reform and force policymakers to
address basic problems. Yet, markets per se will not miraculously create payment discipline
or attract more financing. So, what can one expect from the introduction of wholesale

WHOLESALE ELECTRICITY MARKET DESIGN 1



competition? What can competition achieve that monopolies cannot, even when equipped
with state-of-the-art optimization models to guide operation and investment decisions?

Departments in regulated or state-run monopolies may have weak incentives to perform
or to reduce costs.’

Relevant information may be hidden or unavailable. For example, monopolies all too often

lack basic information about their cost structure, needed to make efficient decisions. Costly
legacy plants may have strong, in-house support in the face of new, more efficient options.

Furthermore, regulating monopolies requires an established and strong regulatory capacity

that may not exist.

Introducing wholesale competition thus holds three main promises. It can:

e Provide greater incentives for generators and suppliers to perform (e.g., to be available
for dispatch or cut costs)

e Provide greater incentives to reveal information about the best operating and
investment options, ensuring greater transparency of the overall sector

e Facilitate entry of new, more efficient plants and market participants-

Creating electricity markets can be seen as complex. Arguably it is, however, no more
complex than running an electricity system as efficiently as possible under monopoly
provision. In a sense, modern electricity markets take insights into the efficient pricing of
electricity seriously by providing better incentives to operate and invest efficiently.

Market reforms originated in the 1970s and 1980s, when policy and intellectual ferment
paved the way for the introduction of market forces in electricity systems. In the United
States, the 1973 oil crisis set legislative efforts in motion, culminating in the 1978 Public
Utility Regulatory Policies Act (PURPA). The legislation was intended to reduce dependence
on oil and gas. One of its major effects was that electric utilities were obliged to purchase
power from independent power producers (IPPs) that could generate electricity for less
than the alternative cost of the utility’s traditional generation source: its “avoided cost”

or opportunity cost. The result: during the 1980s, a wave of long-term power purchase
agreements (PPAs) enabled IPPs to compete for the right to deliver to monopoly utilities—
a form of competition for the market in the generation segment.?

Market reforms in developing countries started in Chile. The country introduced competition
in the market for power in the late 1970s, motivated by the need to restore financial
capabilities and reduce concentration and vertical integration in the sector, dominated by
the Spanish Endesa. Generation, transmission, and distribution were unbundled. Transmission
system ownership was diversified, and generators were afforded nondiscriminatory access
to the transmission system. Deregulated consumers (large users with demand greater
than 1 megawatt [MW]), could negotiate contracts freely with generators or distribution
companies, while regulated consumers continued to be served by distribution companies.
Pass-through to final users had an administratively set ceiling (node price) as incentive for
efficiency in contracting decisions. In 1982, the new market started to operate. Contractual
coverage of demand was mandatory, and the spot market was basically a forum to allow
settlements among generators.

2 THE EVOLUTION AND CURRENT STATE OF POWER MARKETS



Experiments with new electricity markets continued in Peru, Colombia, Argentina, and
Brazil in the 1990s. Box 1.1 shows a brief description of the market reforms in Peru and
Colombia. Market reforms also advanced in developed countries, including Australia,
New Zealand, Singapore, and several other European countries.?

In 2000-01, the California energy crisis triggered by drought and gas supply constraints
revealed some of the challenges of market reforms. The wholesale market prices spiked,
and generating companies were accused of withholding capacity to exercise market power.
Utilities went bankrupt. When the dust settled, it became clear that basic design mistakes
had been made. Notably, utilities buying in the wholesale market could not pass on scarcity
prices to consumers due to a low price cap for final customers, and market participants
were not allowed to hedge their exposure—hence the bankruptcies. The system was
reregulated (Hunt 2002), and the enthusiasm for markets waned in the aftermath of the
collapse of California’s electricity market. If the best and the brightest in one of the world’s
most advanced economies could not make electricity markets work, then why even try?
Countries such as Korea, Malaysia, and Thailand suspended their reform efforts.

As technological developments facilitated the introduction of more efficient market
instruments, and markets delivered long-anticipated efficiency gains in developed systems,
reform efforts once again gathered steam. California resumed its market reform. Countries
all over Europe and in parts of Asia proceeded with procompetitive policy reforms. For
example, the Philippines established a full-fledged power market with the spot market
operating by 2006 (Rudnick and Veldasquez 2019a). India set up two power exchanges for
short-term contracts in 2008, including a day-ahead market and, most recently, a real-time
spot market in 2020 (Tawde 2020). China established a broad policy direction toward
competitive markets in 2015, with experiments in several provinces (Pollitt 2020). Kazakhstan
introduced a capacity market in 2019, complementing the existing energy spot market.

The African continent stands out from the rest of the world in its struggle to develop power
markets, with no single country fully implementing a wholesale power market and only
two countries (Nigeria and Uganda) following around 80 percent of the prescribed “model”
(Foster and Rana 2019). Several regions started practically experimenting with regional
electricity markets: the Southern African Power Pool countries have had an operational,
day-ahead market since 2015, an intraday market since 2017, and are currently introducing
a balancing market.

Overall, upper-middle-income countries and those with large installed generation capacity
(above 5 gigawatts [GW]) were much more likely to have implemented at least partial
vertical unbundling than low-income countries. Currently, many developing countries
have unbundled their power sectors to some degree, as shown in figure 1.1.

The introduction of market mechanisms has changed the landscape of electricity systems
across the world, and a range of structures have evolved in different countries. In 1990,
most electricity systems were organized as state-owned, vertically integrated monopolies;
by 2020 the picture had changed fundamentally. Figure 1.2 summarizes the introduction
of wholesale electricity markets over the years.

WHOLESALE ELECTRICITY MARKET DESIGN 3
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MARKET REFORM IN PERU AND COLOMBIA

The Peruvian power market was established in 1992, and has been continuously
adapted to fulfill different government objectives. The Peruvian government
improved the security of the power supply by diversifying power production away
from hydropower toward gas-fired generation (Rudnick and Velasquez 2019c).
The power market is composed mainly of bilateral contracts and a spot, cost-
based power pool. Market concentration has fallen steadily due to increased
competition. Rapid capacity additions and sluggish demand growth over recent
years have contributed to depressed wholesale and contract prices. More
recently, the country pushed for investment in renewable energies through
competitive auctions, achieving modest but increasing levels of renewable
generation. Moving forward, as identified by Wolak (2021a), there is a significant
need to enhance the regulatory oversight of Peru’s electricity supply. Establishing a
stakeholder process for developing and adapting market rules, and establishing
a formal market monitoring process, will reduce the scope for costly political
intervention in the market.

Meanwhile, the Colombian power market was established in 1995, driven by
concerns about the reliability of supply in the country's largely hydropower-
based domestic power system and to ensure supply during tight hydrological
conditions affected by the El Nifio phenomenon (Rudnick and Velasquez
2019b). Despite initial enthusiasm, the market had difficulty delivering intended
outcomes due to design and institutional issues, and multiple structural
weaknesses. The government has intervened in the market during critical
situations, and concerns persist regarding the exercise of market power, a
steady increase of contract prices, and dysfunctionalities in reliability charges.

THE EVOLUTION AND CURRENT STATE OF POWER MARKETS
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FIGURE 11

Percentage of Developing Countries Adopting Some Degree of Unbundling Over Time
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FIGURE 1.2
Introduction of Wholesale Electricity Markets
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Based on International Finance Corporation (IFC 2020) data, vertically integrated monopolies
are mostly found in low-income developing countries or small economies (see figure 1.3).
State ownership in such monopolies is found in 81 countries and territories, most of them
small island economies, several countries in Sub-Saharan Africa, plus a few others. Private
monopolies operate in 18 economies. In 75 countries, the monopoly utilities entertain a
degree of competition for the market by buying energy from private generators under
long-term PPAs (in a single-buyer model). Such systems account for the rest of Sub-Saharan
Africa and the Middle East, some island economies, and much of Asia. Some form of
competition in the market is found in 56 countries: most of the Americas, Europe, Australia,
New Zealand, and a few Asian countries such as India, Japan, the Philippines, Singapore,
and Korea.*

It should be noted that the formal system structures laid out above do not tell the whole
story about how electricity provision functions in poorer countries and fragile states.’
There may be significant alternative sources of power outside the official system. For
instance:

e In many systems, customers—whether they be large firms or households—may have
the option to possess their own standby generation equipment. In systems that fail to
connect many customers or are plagued by service interruption (load shedding) or full
blackouts and possibly excessive voltage and frequency fluctuations, standby generation
may be the most important source of power. In Nigeria, for example, it is estimated

FIGURE 1.3
Status of Global Electricity Markets in 2020

Note: 1 = vertically integrated monopolies; 2 = single-buyer market models; 3 = wholesale markets.

Source: Akcura and Mutambatsere. Global Market Structure Database. IFC. Forthcoming,.
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that private, captive generation capacity of 14-20 GW serves some 100 million people,
significantly exceeding the official capacity of the system (12.5 GW), of which more than
half is usually not available (Ferrero 2018). In India, captive power generation of some
78 GW accounts for a sizeable chunk of generation capacity, significantly exceeding the
5-6 GW typically traded in the country’s wholesale markets.

e Some low- and middle-income countries—often fragile states—have off-grid electricity
systems that supply groups of households, entire villages, or parts of towns. One study
(Kariuki and Schwartz 2005) found that in the early 2000s, about 7,000 small electricity
systems existed in 32 countries. This is likely to be an underestimate of the total (Kariuki
and Schwartz 2005). In recent years, more countries have allowed off-system mini grids
to develop, usually in areas that the main grid has not yet reached. The interest in
renewable energy has in part underpinned such policies.

Considering these realities, many countries that have held on to vertically integrated
monopolies have laissez-faire systems, relying on market forces outside official integrated
AC transmission systems.

WHOLESALE ELECTRICITY MARKET DESIGN 7
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Evidence on the Performance of Systems
with Competition in the Market

Competition in the electricity market was an entirely unproven concept just 40 years ago.
Many argued that the lights would go out if one introduced competing players into electricity
systems, which need to be run as one machine. The evidence now clearly shows that it is
technically feasible to introduce a variety of forms of competition in generation. The larger
economies have mostly embraced some type of competition in the market or are moving
to do so. Market structure choices are well understood.

Empirical evidence shows that competition improves day-to-day operational efficiency.
Kessides (2004) surveys evidence for emerging markets, including some spectacular
improvements in Argentina after reforms in 1992, as the unavailability of power plants
dropped overall from over 50 percent to 26 percent. For the United States, Bushnell and
Wolfram (2005) as well as Mansur and White (2007) provide evidence that systematic
efficiency improvements in operations clearly exceed implementation costs. The most
robust benefit from competition appears to be reduced frequency and duration of
outages, resulting in higher capacity utilization and higher total output per plant (Davis
and Wolfram 2012, cited in IEA 2016). Markets have also facilitated the entry of more
efficient plants in several regions, notably substituting gas for coal—as in the “dash for
gas” that followed the introduction of competition in England and Wales. This becomes
a useful feature as variable renewable energy (VRE) generation technologies gradually
become more efficient.

Quality of service and access were improved, but with wide variation across countries.
Jamasb et al. (2014) and Bacon (2018) surveyed the literature on power sector reform
experiences across the world. They found no clear pattern of impact on prices, although
efficiency and productivity increases were widespread, suggesting that overall net benefits
from markets are positive. The surveys make it clear that policy approaches adjust

to sector and country contexts, and it is hard to separate the effects of introducing
competition in the market from other reform features such as ownership change or
changes in provision of government subsidies.®

It is also clear that market systems can address policy concerns about access, affordability,
and decarbonization with greater efficiency and more flexibility. On the balance, there is
no argument that competition in the market is worse than monopoly provision. Clear gains
are found in the operating performance of generators that exceed the costs of introducing
markets. Competitive markets hold the promise of being much more flexible in enabling
faster adoption of new technologies and business models than under the rule of monopolies,
especially in countries with limited capacity to regulate. As intermittent renewables,
batteries, and new types of demand (e.g., electric vehicles) reshape electricity systems,
more complex incentive problems for generation and consumption need to be solved.
Markets hold the promise to do this more effectively than regulatory intervention.
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Preconditions of Successful Market Reform

While there is overall empirical evidence of the positive effects of competitive markets,
specific results vary significantly among countries. Far-sighted governments are continuing
to fine-tune market designs, deploying innovative solutions and preparing their systems
for imminent energy sector transformation. While this experimentation is ongoing, the
basic market design elements are clear. Substantial experience has been gained and
lessons learned on how to avoid serious design mistakes (e.g., California in 2000-01).
Many developing countries are still at the beginning of exploring the transition toward
competitive markets, but reform processes can be politically challenging unless certain
provisions that facilitate successful market reform are met. The World Bank’s report
“Rethinking Power Sector Reform” (Foster and Rana 2020) sets out four basic sets of
conditions for the proper operation of any power system, but especially if competitive
market reform is being contemplated:

e Adequate revenue is critical for operations and investment in any power system. That
means tariffs and/or subsidies must cover all costs, and basic payment discipline with
proper enforcement needs to be in place. When effective tariffs are adequate, the
distribution segment of the system is solvent. Competition in power generation makes
them comfortable that they will receive payment from distributors. Privatization of
distribution can further help strengthen commitment to adequate, effective tariff levels.

e A sound contracting and regulatory environment (including enforcement and dispute
resolution) supports the efficient operation of any power system. In systems with some
form of unbundling, the formal contracting system is of particular relevance. Integrated
monopolies in a market system need to have sound corporate governance mechanisms.
All systems have elements that require price and quality regulation. Sound regulatory
mechanisms are thus required whether they are part of the executive branch, managed
by so-called independent regulatory agencies, or whether regulations are embedded in
contracts with ultimate recourse through the court system.

e Broader country environment affects willingness and ability to invest and operate. At the
extreme, a civil war is clearly detrimental to any type of power system. More generally
unreliable property rights, for example, or erratic contract enforcement systems, hamper
the ability to introduce competitive markets. Significant macroeconomic instability may
also play havoc with any system.

e The introduction of market competition in power systems requires a minimum system
size to allow a significant number of players for effective competition. As a rule of thumb,
systems should feature at least 1 GW of capacity and at least four effective competitors
of similar size and technology, unprotected by excessive transmission constraints.”
This means market reform is most likely to be beneficial not only in large countries like
China or India, but also in midsized systems or in regional power pools that manage
electricity trade between countries.

Across developing economies, systematic differences can be observed in the uptake of reforms.
Preconditions have played a role in shaping the outcome of reforms. Table 2.1 summarizes
the preconditions in a sample of countries at the time of a reform (Foster and Rana 2020).

10 WHY MARKET REFORM?



TABLE 21
Overview of Preconditions among Groups of Countries at the Time of a Reform

SECTOR PRECONDITIONS COUNTRY
PRECONDITIONS

COST OF FULL COST SYSTEM ACCESS TO ELECTRICITY SYSTEM INCOME  QUALITY OF
ELECTRICITY RECOVERY LOSSES ELECTRICITY CONSUMPTION SIZE LEVEL GOVERNANCE
($/kWh) (C) (%) (CH) (KWH pc pa) (GW) (GDP pc) (INDEX)

Comprehensive reformers

Stronger 0.15 69 19 82 1,413 20 1,405 -0.43
performers

Weaker 0.17 70 30 53 315 15 756 -0.49
performers

Limited
reformers

Stronger 0.13 55 21 77 804 22 731 -0.55
performers

Weaker 0.23 84 27 27 172 2 428 -0.40
performers

Note: GDP = gross domestic product; GW = gigawatt; kWh = kilowatt-hour; pc = per capita; pa = per annum

Source: Foster and Rana 2020.

All of these provisions matter. The first three sets of preconditions matter for improving
the operations of any systems, be it integrated monopolies or competitive markets. The
challenge is to assess whether a country is ready for market reform. The key is to judge—
country by country—what is both technically sound and can be supported and sustained
by the forces of politics.2

For example:

e Nigeria shows that unbundling generation, transmission, and distribution in a system
larger than 1 GW need not work out any better than the integrated monopoly in the
absence of government ability to sort out basic service delivery and payment discipline
problems. The Nigerian experience illustrates the futility of unbundling in a sector
without addressing other fundamental operating conditions. Huge technical and
commercial losses (in excess of 50 percent of energy supplied) in electricity distribution
have led to chronic payment problems along the electricity supply chain, and created
a financial deficit in the order of US$1 billion annually. The resulting unwillingness of
generators to produce electricity and gas suppliers to furnish fuel has led to crippling
power outages, despite the fact that around half the country's generation capacity is
paradoxically lying idle (Glachant, Joskow, and Pollitt 2021).

¢ Bolivia shows that basic markets may be possible at a smaller system size than 1,000 MW.
A cost-based power pool was introduced in 1994 when the system size was only 400 MW.
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The capacity of each generating company was not to exceed 25 percent of the total
system capacity.

e India shows that power markets can develop in systems with significant payment
problems and heterogeneous regulatory rules. The Electricity Act of 2003 paved the way
for reform. Step by step, problems have been tackled, if not fully solved. Market-based
trading mechanisms were introduced by power exchanges in 2008. The interest in
improving trade among state electricity systems has evolved toward a more efficient,
real-time balancing market, put in place in mid-2020.

i
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Modern, interconnected electricity systems allow competition in the market when fundamental
public policies are in place. This includes an enabling market structure; regulation of system
elements that remain natural monopolies (transmission, distribution, system operation); public
planning mechanisms (e.g., for transmission system expansion); and governance mechanisms.
This section discusses these elements in detail.

Creating a Competitive Playing Field:
Unbundling

There are two key types of players in a competitive electricity market: generation plants
and traders/suppliers. Generators own plants that produce electricity. Traders buy and
sell electricity without necessarily owning plants.

A competitive market requires multiple generators, buyers, and traders that intermediate
contracts. When generation companies control large market shares, “horizontal
unbundling” may be necessary to create a critical mass of competitors and prevent
reconcentration via mergers and acquisitions. For example, a country with five or six
generation companies of even size is likely to experience stronger competitive pressure in
generation than a country with one large and one small generation company only. Box 3.1
summarizes relevant aspects of Vietham'’s power sector reform.

While competition among generators and traders or suppliers is feasible, several natural
monopoly segments will remain within an integrated electricity system, notably systems
operation, transmission, and distribution. To minimize conflicts of interest, it is typically
recommended that the different segments of a power system be “vertically” unbundled.’
For example, a system operator owning generation may be able to discriminate against
competing generators by delaying new generation interconnection studies, by not fully
revealing information regarding available transmission capacity, and/ or by taking advantage
of commercial information from third-party generators to ensure preferential treatment
for the sale of its own power. Hence, the basic recommendation is to separate (vertically
unbundle) the potentially competitive elements of the system (generation and trading/
selling of electricity) from the natural monopoly elements (transmission, distribution,
and system operation).

Vertical unbundling is prevalent in most countries with matured markets (the US, Australia,
most of Europe and Latin America), while very few developing countries have unbundled
their utilities. Instead, they introduced independent power producers (IPPs), along with
mostly vertically integrated utilities, which has led to creation of Single Buyer Models and
“hybrid power markets” (Eberhard and Godinho 2017; Gratwick and Eberhard 2008;
Vagliasindi and Besant-Jones 2013). While this model creates some space for IPPs to enter
the market, it also introduces risks for future market development with rigid power
dispatching based on inflexible take-or-pay arrangements with IPPs.
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VIETNAM'S POWER SECTOR REFORM

To improve the efficiency of the power and gas sector, the Government of
Vietnam advanced reforms to introduce competition. Electricity liberalization
started in 2004 with the unbundling of Electricity Vietnam (EVN), the establishment
of a regulator, and the introduction of a competitive generation market to
ensure the long-term sustainability of power supplies.

The World Bank supported power sector reforms in Vietnam through a series
of three development policy operations (DPOs). One objective of the series
was to increase the independence and diversity of electricity generators,
creating conditions for effective competition. The target was to reduce the
maximum proportion of generation owned by a single company from

70 percent to 45 percent. The DPO series, however, only achieved a modest
reduction of 4 percentage points (from 70 percent down to 66 percent),
reinforcing that reducing the ownership share of state-owned utilities is
challenging. The DPO series did achieve other reform objectives, such as
enhanced transparency in generation contracting and pricing and greater
predictability for investors.

KEY ELEMENTS OF MARKET STRUCTURE


https://www.flickr.com/photos/oliver_knight/49624490982/in/album-72157713375085366/

System operators that physically run the system day by day should be independent of
other players to enable fair competition. That also goes for the market operators and
settlement administrators providing the platform for trading.'® Several power companies
in the United States, for example, are not fully unbundled, hence particular importance is
placed on creating independent system operators (ISOs).

Competition lowers costs and excludes technologies that are uneconomical. The key to
competition in the market is openness to new generators with lower costs, while allowing
underperforming generators to exit before the end of their operationally useful life or

the term of the operating permit. A decision to exit is based on whether the market will
provide revenues sufficient to meet the generators’ operating costs going forward. A decision
to enter is enabled by a transparent environment that allows any project or technology
(generation, storage, or demand side) to demonstrate its value to the customer based on
the combination of value, capital costs, and risks, which collectively determine whether a
project will flourish or fail.

The ownership form of choice for system segments with competition in the market is
private ownership. Competition may also involve state-owned companies but, in practice,
state-owned companies may not truly compete with one another. Even if allowed, their
incentive to perform is easily undermined by an implicit guarantee of their finances by the
government: that is, the taxpayers. As a result, excessively costly state-owned generators
may be invested in and operated. Most electricity systems with competition in the market
feature private competitors, as do those still relying on the single-buyer model like Egypt
and Thailand, or more competitive ones like those in Latin America, Turkey, or India.

Legacy Issues

Systems where private ownership of generation prevails before the introduction of
competition may also complicate the transition to a market. Both horizontal and vertical
unbundling may be hard as governments and regulators may be reluctant to interfere
with the property rights of preexisting private players in the electricity system. Conflicts of
interest then persist.”" Important legacy issues to consider are stranded costs and legacy
contracts.

Stranded Costs

A practical concern with introducing competitive market structures is the treatment of
so-called stranded costs. The term “stranded costs” characterizes situations where investors
are unable to recover all their fixed costs and have to write down equity or even enter into
bankruptcy—that is, default on creditors. In competitive markets, the exit of underperforming
firms is normal. Free market entry means little if inefficient firms are not allowed to fail.
Investors taking losses does not mean firms close down. As long as revenues cover variable
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costs, firms should continue to operate. After all, their fixed costs have already been incurred.
However, prior to the creation of electricity markets, the investments of generation
companies might have been approved by regulators or set by contracts and their prices
allowed to recover the approved costs, including a return on capital.

When the policy regime changes to a market, prices may drop due to greater incentives

to operate efficiently. For example, nuclear or coal plants might be in trouble and incur
stranded costs, meaning investors will no longer be able to earn their full, expected return
on assets. If investors did not make allowance in their project evaluation for the risk of
regime change and consequent losses, they may claim that the change in policy regime
constitutes a form of expropriation because generators can no longer charge the regulated
or contracted prices that they were promised.

While changing a policy is a legitimate function of government, investors may ask for
compensation. Different jurisdictions treat the claim for compensation differently. It also
matters, for example, whether firms should have foreseen the introduction of markets
prior to their investment. More broadly, governments are typically allowed to interfere to
some degree with the finances of private firms, for example via tax or other policy changes,
without this resulting in valid claims for compensation. How a jurisdiction treats the issue may
affect whether new investment will be forthcoming and at what cost. Sometimes the nature of
contractual remuneration is explicitly provided for: for example, in contracts with IPPs. This is
an issue affecting reform in countries all over the world including, for example, the Dominican
Republic, the Philippines, and Turkey. “Legacy” investors may need to be compensated, or the
old contractual arrangements “grandfathered” into the new system as vesting contracts.

Legacy Contracts

Depending on a country’s starting position, inefficient legacy payments may continue to be
borne by customers, and contracts may not lead to fully efficient dispatch. Nevertheless,
efficiency can be enhanced overall, as the old contracts would have been in force anyway
and will eventually expire.

The challenge is to determine what market rules apply to generators with legacy contracts.
Possible solutions depend on the particular design of the new power market. Basic options
range from mandating generators fully participate in the market, to compensating them
with a fixed payment. This might include, for example, a monthly amount over the life of
the plant, or so-called vesting contracts—or contracts for differences, CfDs—which phase
out the original contractual payments over time while exposing the generator more and
more to market forces.

Power purchase agreements with IPPs may introduce rigidities by standing in the way of
reform (refer to box 3.2). It may, for example, be costly for the IPP to fulfil its contract when
the plant is not available for some reason. However, the introduction of competitive spot
markets can make it easier for IPPs to fulfil their contract by making up shortfalls through
spot market purchases. The flexibility offered by markets may facilitate agreements on
ways to introduce competition.

18 KEY ELEMENTS OF MARKET STRUCTURE



10 ) Qi

e,

“BORIS BALABRNOV / WORED BANK

INDEPENDENT POWER PRODUCERS

Contracts with independent power producers (IPP)* may help make companies
or projects viable and help raise finance for new investments. For a project with
ostensibly adequate tariff levels, governments in fiscal difficulty may be tempted
to divert cash flow generated by the project to plug unrelated fiscal holes and
thus reduce the company's ability to pay its financiers. Private property rights
provide a shield against this temptation to some degree, as governments may
be wary of interfering with private property rights for fear of killing off private
investment more broadly (Klein 2015).

IPPs that combine investment and operation in generation have gained in
popularity. Urpelainen and Yang (2017) demonstrate that providing the option
for IPPs has raised investment in power generation in emerging markets. The
World Bank (2019) found that a little over 40 percent of new generation has
been procured as IPPs in developing economies. In low-income countries the
share was just a bit below that of upper-middle-income countries. Close to
three-quarters of intermittent renewable power plants have been procured
as IPPs. Detailed cost-benefit analysis comparing the experience of IPPs to
the performance of generation in monopoly systems hardly exists—not least
because monopolies often do not have data that allow the performance of
their generation assets to be isolated. For a relevant study, see Zhang (2018).

* |PPs are sometimes owned by governments from other jurisdictions. The key is whether the
domestic or local taxpayer must provide some type of subsidy in case contracted services are
not paid for as agreed.
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Natural Monopoly Segments
within Integrated Systems

The wire-based transmission and distribution segments of electricity systems are natural
monopolies, as is the function of the system operator. A natural monopoly means a single
firm can operate at a lower cost than multiple firms in delivering the same service, or that
when numerous integrated companies enter the market, only one will survive. Typically,
natural monopoly segments in electricity systems receive revenue from regulated prices
that are periodically reset by a regulatory body. To some degree, competition for the market
can help improve the efficiency of whatever part of the system is run as a monopoly.

When there is competition for the market in monopoly segments, for example in transmission
and distribution, the government bids out the right to manage, operate, and/or invest in a
monopoly company for a period of time. Most such cases involve contracting out the running
of a distribution company. Transmission company contracts may also be competitively
awarded to private firms, as in Chile and in Argentina in the 1990s or in the United States
since the early 2000s.

Brazil provides an example of auctioning off additions to the transmission system to

the private providers building and maintaining them (e.g., PPIAF 2017). At the initial stage,
auctioning a franchise allows the choice of best provider. At the same time, competitive
bidding may create incentives for bidders to underbid—either strategically to renegotiate
later once they have won the franchise, or as a result of the “winner’s curse”: the possibility
that winning bidders are just the most optimistic ones. For the arrangement to work well,
it is important that contracts are well designed and supervised so that the provider can be
held to its original promises.

The quality of subsequent regulation also matters. This is particularly true for full concessions,
where providers are responsible for both operations and investment. Typically, changes

in demand and cost conditions require that a regulator, whether an independent agency
or a ministry, reset concession terms (e.g., tariffs) every few years. Overall, contracting
out competitively to competent providers requires adequate governance and capacity in
the contracting agency and the regulator so that the whole arrangement delivers on its
promise. Customers pay for monopoly segments of the system in the form of some
regulated charge or levy.

Contracting out monopoly segments of electricity systems like distribution to the highest
bidder can raise productivity and improve quality of service—if contracts are well designed
and supervised and if regulation works adequately (Schwartz and Guasch 2013; Gassner,
Popov, and Pushak 2009). Privatized distribution companies are typically characterized by
cost-covering tariffs. Private ownership may have insulated companies from political
pressure to lower prices, or private investors might have simply bought into companies
where governments were willing to set and enforce cost-covering tariffs (World Bank 2019).
Yet, well-run, state-owned monopolies can do just as well (World Bank 2019). Still, having
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the option to contract out and to do so at times may itself stimulate state-owned firms to
shape up and improve performance.’?

Open Access

Overall, competition among distribution and transmission companies has seen limited
uptake. In the 1990s, several countries, particularly in Latin America, awarded distribution
companies to private concessionaires. Yet, since the 2000s few countries have embarked
on new concessions for distribution companies. Transmission has, in most cases, remained
state owned (World Bank 2019).

A competitive market requires new and better service providers to deliver services to
customers and replace less efficient competitors. The delivery of electricity usually
involves using “wires,” that is, the electricity grid. The grid is a natural monopoly and
whoever controls it, most likely the system operator, can grant or deny access to providers.
Hence, the importance of “open access”: nondiscriminatory access to the grid based on
the rules of the market, including system security constraints. Such nondiscriminatory
access is most beneficial, or full (ESMAP 2013), when the market rules themselves are
optimal; less so when the rules provide special treatment (e.g., for inefficient legacy
contracts under PPAs). Figure 3.1 illustrates a power sector structure allowing open access
to power grids.

Making full, open access a reality is equivalent to structuring, designing, and governing the
best possible market. This includes minimizing conflicts of interest for those controlling
access to the grid. Essential are, of course, charges that pay for the grid—typically regulated
fees plus some congestion rents in the case of markets with nodal pricing. Expanding the
grid to provide access to new providers is another topic requiring sound system expansion
planning that trades-off the cost of grid expansion against the cost of generation.

One feature of open access systems is the ability of at least some buyers and sellers to
conclude contracts freely. Contracts may be for physical delivery or purely financial hedges.
As discussed in the section on sequences of markets, such contracts are fundamentally
equivalent in an efficient market design.

System Planning in Market Systems

Electricity markets combine optimization models with market forces—where consumers
and producers exercise choice. Optimization models and analytics support both day-to-day
management and planning in the long run.
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FIGURE 31
An Example of a Power Sector Structure Allowing Open Access

Transmission
Company

System Operator

Wholesale Market
Operator

C = Consumption; D = Distribution; G = Generation; S = Supply (Trade); T =Transmission
Font coding used for market levels:

Bold G, T, S, and D = Wholesale

Bold Italic C = Contestable retail (open access eligible)

Plain C = Captive retail

Source: ESMAP 2013.

Planner’s tools for day-to-day management:

One core issue for electricity market design is managing imbalances in the interconnected
electricity system second by second. There is currently no practical way by which
entirely decentralized contracting among market participants achieves an outcome
where demand matches supply by the second and the physical constraints of the
transmission system are respected, all while keeping frequency and voltage within
very narrow bands."

At the heart of electricity systems are computerized optimization models. When
markets are introduced, bids by generators and customers in the wholesale market
provide the input values for the models. The output is a system of prices that
optimizes dispatch in the sense that the cheapest generators are dispatched and
the consumers with the highest willingness to pay (WTP) are served.' This type of
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market, assisted by an optimization program, is often called a market clearing engine
or smart market.

Planning for the long run centers on transmission expansion. The shape and build-out of
transmission systems for electricity require basic planning decisions. These interact with
decisions about generation investments in two ways:

e First, generation and transmission are complements. One needs both to transport and
sell electricity. In markets, ideally the choice of optimal size, technology, and location for
a generation plant is left to market forces. Yet, this also depends on planning decisions
about transmission. Markets will only lead to optimal outcomes if participants correctly
anticipate how transmission systems will be built out. The best one may be able to do is
provide indicative planning for the build-out of the transmission network in consultation
with the generation providers.

e Second, transmission and generation are also substitutes. For example, expanding a
transmission line may facilitate bringing in more power from afar instead of building a
new power plant nearby. To some degree, transmission investment is thus in competition
with generat