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Chapter XX
Electricity Market Integration

Introduction

The benefits of market deregulation and subsequent market integration have been long
advocated (Markusen, 1981; e.g. Joskow and Schmalensee, 1983). On the one hand,
deregulation encourages competition which may lead to more efficient allocation of scarce
resources, reduction in production costs, lower wholesale prices and, ultimately, lower prices
for final consumers. On the other hand, market integration results in joint operations and
economies of scale which, at least in theory, make markets more efficient and improve social
welfare. In the specific case of energy markets, greater competition should reduce market
concentration and lead to lower wholesale prices, as expensive generation can be replaced by
cheaper alternatives (Emerson et al., 1988; Turvey, 2006; e.g. Battle, 2013). From a policy
maker's perspective, electricity market integration is a path to jointly address the objectives of
higher security of supply and affordability (Boffa and Scarpa, 2009; Creti, Fumagalli and
Fumagalli, 2010; de Menezes and Houllier, 2016), especially in a context of increasing
generation from intermittent renewable sources. Electricity market integration would benefit
consumers in high-cost energy markets and increase the profitability of lower-cost generation
(Finon and Romano, 2009), since wholesale prices in integrated markets are expected to
converge to the common marginal generation cost, which should fall between the lowest and
the highest prices of generation in the individual coupled markets.

Market integration can decrease system operational costs because it allows for the possibility
of dispatching modern and more efficient generation in a connected area rather than older
local inefficient generation. Regional markets can take advantage of weather variations and
diversity in hydro-regimes across the region, as well as of differences in electricity demand
patterns that are due to distinct calendars and time-zones. Most importantly, the system
operational difficulties that can result from the uneven distribution of renewable generation
sources across a region may be mitigated within the region. A larger market can
accommodate expensive base-load and flexible backup generation that otherwise would not
be profitable. By sharing resources, including reserves, the risk of shortages and price spikes
can be minimised and electricity prices are therefore expected to be more stable, which
should increase market liquidity, facilitate planning and investment decisions. Not
surprisingly, the last two decades have seen the creation of regional and supranational
electricity markets, which comprise several states or countries.

In the European Union, the liberalisation of energy markets has been strongly tied to the
general principles of a single internal market rather than separate national markets for goods
and services, and was introduced to the electricity sector with the Single Electricity Act of
1986 (Gebhardt and Hoffler, 2007). Since then, a series of directives (e.g. 96/92/EC;
2003/54/EC; 2009/72/EC) have addressed not only how to improve competition in electricity
markets, but have also specified paths to the common objectives of decarbonisation and
energy security. The most important step of electricity market integration in Europe took
place on 4 February 2014, with the day-ahead price coupling in North Western Europe
(NEW). Since then, the coupled area has been extended and now encompasses 19 countries
and 85% of electricity consumption in the EU. Nevertheless, recent empirical studies suggest



that the degree of electricity market integration remains uneven across the region which faces
several challenges, such as the lack of coordination between national policies and increasing
decarbonisation targets. The latter are laid out in the EU Renewable Energy Directive (2009),
which sets the target of increasing renewable electricity generation to 20% (10% for transport
fuels) and reducing carbon emission by 20% (in comparison to 1992) by 2020. On 30
November 2016, the EU Commission published a proposal for a revised Renewable Energy
Directive (EC COM (2016) 860, European Commission, 2016), which raises the target of
renewable energy sources (RES) to 30% by 2030, to be achieved in a cost-effective way
across the three sectors of: electricity (RES-E), heating and cooling (RES-H&C), and
transport (RES-T). It also targets a minimum of 40% cut in CO, emissions by 2030 and
includes a set of measures to make sure the new targets are met. Among these measures are
the easy access to consumption data that would enable individual consumers to change their
demand pattern, the removal of obstacles to self-generation and a new regulatory framework
to ensure that renewables can fully participate in the electricity market, thus underlining the
evolving process of electricity market integration. In the next sections, this chapter reviews
studies of electricity market integration, with a special focus on the liberalised European
markets, reflects on policy implications and ends by drawing conclusions for the future
research agenda.

Studies on the Integration of Electricity Markets

Most literature that addresses electricity market integration refer to the Law of One Price as
the theoretical foundation to justify their assessment of price convergence. This law states
that prices of a commodity offered in two markets should never differ by more than its
transportation costs between the markets (after adjusting for the exchange rate, if the prices
are denominated in different currencies). Violations of the law of one price are therefore
indicative of barriers to trade (Marshall, 2000). In this context, several methodologies have
been used to examine the extent of price convergence across regional markets, ranging from:
correlation analysis that presumes co-movement in prices; cointegration and fractional
cointegration tests for long-run association; multivariate generalised autoregressive
conditional heteroscedasticity (GARCH) models that estimate the conditional correlation;
vector error correction model (VECM) focusing on price differentials; Granger causality;
impulse response functions; supply-demand models; and simulation and system dynamics,
among others. Although interconnected electricity markets and the process of market
integration are not unique to Europe, most studies have tended to focus on the EU or groups
of neighbouring countries within it, possibly due to the number of nations involved and the
EU's aim to achieve an Energy Union.

On the American Markets

Market integration has been addressed in different regional contexts outside Europe where
there is some degree of interconnection between neighbouring electricity markets, mostly in
the Americas and Asia Pacific. One of the earliest works on the performance of decentralised
electricity markets in North America is by De Vany and Walls (1999), who looked for
evidence of electricity market integration in the western United States. Their work covered
eleven regional sub-markets during 1994-96 and used cointegration analysis and a VECM on
daily spot electricity prices for both peak and off-peak periods. They found that all off-peak
market pairs were cointegrated, with two-thirds of them being strongly integrated and half
being perfectly integrated. Nearly 90% of peak market pairs were cointegrated, with one-third



of them strongly integrated and just a few perfectly integrated. Overall, they concluded that
deregulated western US markets priced power and transmission efficiently.

Park, Mjelde and Bessler (2006) considered firm peak spot prices for day-ahead trades
between 1998-2002, for eleven spot markets and 23 different cities across the United States,
including ERCOT in Texas, PJM in the Northeast and MAIN in the Midwest. The authors
used a combination of VAR modelling, directed acyclic graphs and impulse response
functions to investigate the relationships among the eleven markets. In most VAR equations,
four or five markets had significant coefficients, i.e. they were integrated. While analysing
contemporaneous structures among markets, the authors found evidence that the US was
effectively split in three large areas, parallel to the three main power grids, or
“interconnections”: Western, which covers most of western United States from the Rocky
Mountains to the Pacific coast; Eastern, which covers most of eastern United States and
extends to the Atlantic coast all the way from Maine to Florida; and Texas. Their analysis
suggested that: the Western interconnection had very few contemporaneous price information
flows with the other two areas; Texas (ERCOT) had relatively little influence on any of the
other two markets, possibly because at the time it used mostly gas as a generation fuel; and
that PJIM was dominant among other regional markets in the Eastern interconnection, most
probably due to the fact that PJM real-time data provided a price discovery function not only
to the Eastern Seaboard, but also to markets further west due to the time zone difference.

Moving one step further, Mjelde and Bessler (2009) examined the interrelationships between
wholesale electricity (base and peak) prices and four major fuel sources (natural gas, crude
oil, coal and uranium) in two regional US markets (PJM and mid-Columbia). The authors
used cointegration and VECM methodology to model the long-run relationships between
electricity and fuel prices in the two regions. Their study concluded that all price series
examined were cointegrated in the long-run, but not all series were fully integrated. They
noted that “peak electricity prices move natural gas prices in contemporaneous time, which in
turn influence oil prices. At longer horizons, fuel sources prices move electricity prices.”

In South America, Ochoa, Dyner and Franco (2013) looked at the integration of the
electricity markets of Panama, Colombia, Ecuador and Peru and developed a system
dynamics (SD) model to assess the likely effects of system expansion and security of supply.
Their SD model outputs, such as generation capacities by technology and transmission
capacities, were used as inputs in a dispatch algorithm which operated under market coupling
conditions. The authors ran their simulations under several scenarios, such as a base case of
self-sufficiency and a free market scenario, where security of supply relied on
interconnections and the generation capacity of neighbouring countries. Their analysis
concluded that a free market would bring more benefits in terms of supply costs, as it would
allow a more efficient use of resources across all countries. These benefits, however, were
conditional on the absence of technical problems, political instability or any other issue that
could interrupt cross-border electricity flows.

Following the same line of thought and methodology, Ochoa and van Ackere questioned the
purported benefits of electricity market integration and developed a system dynamics model
to examine the potential benefits and risks of market coupling. In Ochoa and van Ackere
(2015a), Colombia and Ecuador were used as an example of countries with reliable
interconnection and active cross-border electricity trading. Their model simulated how
electricity prices would develop in the two countries under four different scenarios, three of
which assumed capacity payments to incentivise investment in new electricity systems. Their
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simulation results showed that electricity market integration can bring benefits in terms of
lower supply costs and better uses of resources, although these benefits are highly dependent
on the degree of interconnection and the relative size of the countries. In some cases, there
was a trade-off between lower prices and independence from the neighbouring country,
which highlighted the sensitivity to political relationships between the countries.

The issue of renewables integration into the electricity mix is increasingly drawing more
attention, especially in the US, where capacity expansion for both solar and wind generation
have increased exponentially since 2000. The National Renewable Energy Laboratory has
provided an impetus with their large-scale Renewable Electricity Futures (RE Futures) Study
(Hand et al., 2012). The study provides an analysis of grid integration opportunities,
challenges, and implications of high levels of renewable electricity generation for the US
electric system. The focus is on the technical issues related to the operability of the US
electricity grid and the integration of high penetrations of renewable electricity technologies.
Building on this, Mai et al. (2014) revisited some of the analysis conducted in the RE Futures
Study and modelled four scenarios where 80% of all electricity generation in 2050 is sourced
from renewables, including wind, solar, geothermal, biomass, and hydropower. Their
scenarios included: a base scenario; a high-demand scenario; a constrained scenario, where
RE capacity, transmission and interconnection expansion is challenged; and an advanced-
technology-improvement (AT]I) scenario, which assumes greater future renewable technology
improvement. Although the analysis remained focused on technical issues, the authors
estimated the retail electricity price trajectory under the various scenarios. Of these
trajectories, the highest (30% higher prices than the low-demand base scenario, by 2050) is
associated with the ‘constrained’ scenario, while the lowest (3% higher prices) is achieved by
the ATI scenario. Among the authors’ conclusions is the conviction that high renewables
penetration is technically feasible, but would be more efficient with new transmission
capacity, flexible conventional generation, grid storage and changes in power system
operations. Although this suggests a brave new future world with a high penetration of
renewables in the electricity mix, the share of renewables in US electricity generation was
actually 14.9% of approximately 4,000 TWh generated in 2016 (EIA, 2017), with hydro at
6.5%, wind at 5.6% and solar at 0.9%. As renewable market shares are likely to increase in
the coming years, so is the interest in assessing their impact on market prices.

Woo, Horowitz et al. (2011) used 15-min price data from Texas’ ERCOT and showed that
rising wind generation is indeed likely to reduce spot prices, but it is also likely to enlarge
the spot-price volatility. In a further analysis of ERCOT data for the wind-rich West Texas,
Woo, Zarnikau et al. (2011) found that high wind generation and low demand in the West
ERCOT zone led to congestion and zonal price differences. Gil and Lin (2013) analysed the
impact of wind generation on day-ahead PJM prices and concluded that even for low wind
power penetration levels, the quantified expected benefit to wholesale market participants
may be substantial. Hence, they advocated a benefit allocation mechanism to further
encourage the development of wind power. A question that follows is whether these benefits
remain substantial when a region already has alternative renewable generation. Woo et al.
(2013) investigated this question in the context of the hydro-rich electricity system of the
Pacific Northwest, and found that increased wind generation decreased wholesale prices by a
small, but statistically significant amount. They also observed that a hydro-rich system can
integrate wind generation at a lower cost than a thermal-dominated, but the direct economic
benefits to end-users from greater investment in wind power may be negligible.



Woo et al. (2016) examined the possible merit-order effects of renewables on California
electricity prices and the price divergence between day-ahead and real-time prices. Their
study used hourly observations of CAISO (California ISO) market prices between December
2012 and April 2015 and applied a regression-based approach to evaluate: (a) merit-order
effects, i.e. displacement of conventional generation by renewables; and (b) why there is a
divergence between day-ahead and real-time electricity prices. The authors used as
explanatory variables: fuel prices (Henry Hub natural gas); nuclear capacity availability;
hydropower availability; and solar and wind generation. Their findings imply that merit-order
effects for solar and wind generation are present in California’s electricity markets, while the
divergence between day-ahead and real-time prices was attributed to CAISO’s renewable
energy forecasting errors. The authors also concluded that while electricity prices may
increase with nuclear capacity retirement and a reversal of low natural gas prices, this effect
can be mitigated with higher renewables portfolio standards (higher renewables penetration),
combined with increased energy efficiency and demand side management policies.

On the Asia-Pacific Markets
The degree of interconnection among Asia-Pacific countries is not at the level seen in either
the Americas or Europe. Except for the more developed Australian market, research tends to
focus on the pre-conditions for a future integrated electricity market, such as investment in
the necessary infrastructure, co-ordination among TSOs, increased renewable generation and
concomitant policy implications.

Some of the earlier thinking of energy trade and energy market integration in the East Asia
Summit Region (EAS)! were by Krishnaswamy (2007) and Bannister et al. (2008). Building
on these, Wu (2013) reviewed electricity market integration in the EAS area and noted the
heterogeneity of the various national markets. There are the more mature and integrated,
Australia, New Zealand and Singapore, where generation, transmission, distribution and
retailing are unbundled and partly privatised. At the other end of the spectrum lies Brunei,
whose electricity sector is vertically integrated and state-owned. In between are all other EAS
countries, some of which have allowed unbundling of, and private participation in,
generation, while others have also extended the process to transmission. The author suggests
several progressive steps that need to be taken towards an integrated electricity market in the
EAS region, or at least in its sub-regions. These include: investment in infrastructure,
especially in countries which have very low levels of electrification and need to move faster
towards universal access to electricity; even before national markets are fully developed, it is
important to increase bilateral and multilateral interconnections, sub-regional cooperation and
cross-border electricity trading, so that the foundation is laid for future market integration;
EAS countries should work on harmonizing regulations and technical standards and follow
best practice in preparation for market integration; and, finally, the aspiration of market
integration should be reflected in national policies and planning in power sector investment
and development.

! The East Asian Summit (EAS) is a forum of 18 nations in the East Asian, Southeast Asian
and South Asian regions. They are: Australia, Brunei, Cambodia, China, India, Indonesia,
Japan, Laos, Malaysia, Myanmar, New Zealand, Philippines, Russia, Singapore, South
Korea, Thailand, United States, Vietnam.



The Association of Southeast Asian Nations (ASEAN), a subset of EAS which consists of 10
member countries?, is integrating its power transmission infrastructure via the ASEAN power
grid as part of the ASEAN Vision 2020. In this context, Ahmet et al. (2017) reviewed energy
resources, their current utilization, and future projections. Given the potential for growth in
renewables, export-import scenarios and renewable-generation-based transmission expansion,
planning practices in ASEAN were analysed. Major challenges for the establishment of an
ASEAN grid that will require information sharing and coordination between different TSOs
were identified. These included voltage and frequency deviation due to non-dispatchable
production (intermittent power located in remote regions), congestion, blackouts as well as
demand-supply management for long distance power transmission network. They concluded
that methods for efficiently allocating costs and revenues between different TSOs and inter-
TSO compensation mechanisms will be needed, as well as coordinated investments in
generation in order to avoid over estimation of reserve margins. Finally, they stressed that a
lack of coordinated transmission and generation planning could limit the development and
utilization of the interconnected transmission system, increase costs and send negative signals
to investors.

Considering Australia, Nepal and Foster (2016) argued that although its National Electricity
Market (NEM) was established in 1998, the effects of integration had not been systematically
examined. Thus, they analysed daily electricity spot prices, which were obtained by
averaging the publicly available real-time original and official half-hourly spot prices for
electricity. The period from January 2000 to November 2013 was considered, except for
Tasmania that joined NEM in May 2005, for which the sample was from 1 January 2006 to 1
November 2013. Pairwise unit root tests on the log-price differences indicated that an
integrated market for electricity had not been universally achieved, price convergence seemed
to be mainly driven by bilateral regional interconnections between separate markets.
Cointegration analysis led to contradictory findings, and the authors concluded that they
could not reject the existence of significant persistence in price differences (or the lack of
long-run price equilibrium). Finally, a time-varying coefficient model that measured the
strength of the relationship between prices in different markets, which was estimated using a
Kalman Filter, suggested price convergence in the two markets that had fully privatised
generation. Overall, their results suggest that full market integration had not been achieved in
NEM. More generally, they concluded that convergence in generation and network
ownership plus a common regulatory approach would facilitate improvements in wholesale
market integration, especially as these markets experience increasing shares of renewable
energy.

Apergis et al. (2017) questioned the appropriateness of cointegration analysis that is common
to many studies, and used a different method to assess market integration of the Australian
regional markets. They argued that Phillips and Sul’s (2007, 2009) methodology is better
suited to test for convergence in wholesale electricity prices, because it has three advantages
over cointegration analysis. First, it allows for econometric testing of ‘convergence clubs’
and estimation of convergence paths relative to identified common trends. Second, it can be
implemented on multivariate data comprising prices in the different markets, rather than
focusing on pairs of markets. Third, the methodology does not need to rely on assumptions of
a presence of a trend or stationarity in the time series. Two types of price convergence were
hypothesised. In the short-run, price convergence is expected to be driven by arbitrage, for

2 Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand
and Vietnam.



which opportunities reduce as markets become efficient. While, in the long-run, price
convergence should follow the exploitation of profits under free entry and exit conditions,
and thus should be dependent on the structure and evolution of the power markets. Thus, the
authors hypothesised that the more electricity markets are homogeneous with regard to
technology and design, the more likely price convergence occurs, even with limited or absent
interconnection capacity, and vice versa. Accordingly, “long-run price convergence is
affected, by energy policies targeted at reducing externalities, and in particular, power
production from carbon-intensive fuels” (Apergis, Fontini and Inchauspe, 2017, p. 412).
Their data excluded the Northern Territories and consisted of weekly wholesale electricity
prices for the remaining six states, spanning the period January 1999 to July 2014.> Three
distinctive growth patterns in wholesale electricity prices across the six Australian States
were identified. In all, their results confirmed that markets with limited physical
interconnection can achieve price convergence over the long run, if there is some
homogeneity in market structures. Tasmania and Western Australia, which have less
competitive markets in which a major role is played by state-owned companies, were found
to share a separate, non-competitive convergence pattern, despite differences in how capacity
is remunerated. In addition, the introduction of a carbon tax did not alter the price
convergence process in the identified clubs of states, except South Australia, which would
have converged to the club formed by the other NEM States (except Tasmania) had the
carbon tax not been in place. The study highlighted that although interconnection is
important, there is need to identify the features of market design that can foster integration.

In line with other electricity markets, the role of renewables and their impact on wholesale
electricity prices and market integration is gaining momentum in the research agenda. In
Australia, the government put in place a mandatory renewable energy target (MRET) in
2001, with the initial aim to source 2% of the nation’s electricity generation from renewable
sources. In 2009, the scheme was renamed renewable energy target (RET) and that target was
raised to 20% of renewable electricity generation by 2020.* MacGill (2010) made a first
attempt to evaluate the prospects of wind power integration in the Australian NEM by
reviewing its decision-making framework in terms of governance, security, commercial and
technical regimes. The author concluded that Australia’s National Electricity Market and
renewable policy support arrangements both incorporate significant roles for commercial,
competitively driven, decision making. He recommended that wind generation should be
formally incorporated into the NEM’s operational decision making mechanism, by requiring
greater participation in data provision, scheduling, ancillary services and security projection
arrangements.

® Data for Eastern Australian States (New South Wales, Victoria, Queensland, South
Australia and Tasmania) were obtained from the Australian Energy Regulator (AER,
www.aer.gov.au). Data for Western Australia's SWIS market were obtained from the
Independent Market Operator of Western Australia (IMOWA, www.imowa.com.au). For
SWIS, they averaged half-hourly clearing prices of the short-term energy market.

“In 2011, RET was further refined into a ‘large-scale’ section (looking at utility-scale
renewables, such solar farms, wind farms and hydropower plants) and a small-scale section
(focussing on financial incentives for the installation of solar panels, wind, hydro systems,
solar water heaters and air source heat pumps) (Australian Government Clean Energy
Regulator, 2016)



Cutler et al. (2011) explored wind power integration in the South Australian region, which
has the highest wind penetration in NEM. They assessed the interaction of regional wind
generation, electricity demand and half-hourly spot prices over a 2-year period from
September 2008 to August 2010. They found that electricity demand was dominant in
determining spot prices, with wind power having a significant secondary influence. There
was a clear inverse relationship between wind generation and prices, but no clear relationship
between wind generation and electricity demand. There were also several extreme events
where prices were either very high or, conversely, negative. These were attributed to the
relatively limited interconnection between South Australia and the other NEM regions. Bell
et al. (2015) picked on the issue of wind speed and electricity demand correlation, in an effort
to determine the ability of wind generation to meet peak-load electricity demand on the
Australian NEM without the need for energy storage. The authors used correlation analysis
on half-hourly wind speed and electricity demand data, for the three calendar years 2010-
2012 and for 50 regional nodes. Their analysis found low wind speed correlations in the
peripheral states of Queensland, South Australia and Tasmania, which could assist system
balancing if adequate interconnection capacity is installed between these regions, via New
South Wales and Victoria. They also found notable positive correlation between wind speed
and electricity demand in Queensland, New South Wales and South Australia which pointed
to the ability of wind generation to cover peak-load demand, once again under the proviso
that interconnection capacity increases among the regions.

Worthington and Higgs (2017) studied the impact of generation mix, including fossil fuels
(coal and gas) and renewables (hydropower and wind) on daily spot electricity prices across
five regions of the Australian NEM. They used daily electricity prices between January 2006
and September 2012, alongside data on daily generation by type, available capacity for each
generator and interconnection flows between regions. Their results indicated that electricity
prices were lower with the use of coal and higher with the use of natural gas and renewables,
suggesting the likelihood of higher wholesale prices as the electricity industry moves towards
the announced RETSs. The authors also concluded that the effect of price increases due to the
introduction of renewables were mitigated in certain regions which had a comparative
advantage: South Australia and Tasmania for wind; and Victoria and Tasmania for
hydropower.

Turning their focus on southeast Asia, Chang and Li (2015) used a linear dynamic
programming model to assess the impact of energy market integration in the ASEAN region,
taking into account renewable energy, feed-in-tariffs (FITs) and carbon pricing. Their study
covered the ten ASEAN countries, included power generation from both conventional and
renewable sources (coal, diesel, natural gas, hydro, small hydro, geothermal, wind, solar PV
and biomass), and covered the period 2012-2035. Based on the simulation results, the authors
concluded that energy market integration in the ASEAN region would significantly promote
the adoption of renewable energy. They also recommended the co-ordinated adoption of
either renewable energy portfolio standards, i.e. renewable energy targets, or FITs. They
concluded that energy market integration with policy coordination among the ten ASEAN
countries would speed up the expansion of renewables and achieve carbon reduction targets,
while incurring only negligible increases in the total cost of electricity.

Not much has been written on the progress of energy market integration in other regions,
especially developing ones. Before moving onto the European market, it is worth mentioning



a comparison of three developing region power pools (SAPP, WAPP and MER®) with Nord
Pool by Oseni and Pollitt (2016). The authors initially embarked on a review of the benefits
and disadvantages of opening electricity trade among countries in a region, including security
of supply issues, price adjustments in low-cost and high-cost generators, impact on retail
consumers and possible reaction of large-scale industrial consumers. They then carried out a
descriptive comparison of the four pools, in terms of the nature of the trading platform used,
the institutions developed to support it, the governance of those institutions, the practical
steps to implementation and the concrete evidence on the benefits of trade. Subsequently,
they compared the extent of cross-border trading in the regions as a proportion of their
respective total electricity consumption and interconnection capacity. The authors highlighted
several common themes and lessons to be learned in electricity market integration, such as:
countries must be committed to free trade and have adequate transmission capacity for this
trade to occur; there is a need for strong, independent institutions as well as appropriate
market design, which make use of day-ahead and real-time markets; timely development of
regional power pools requires a timetable for reform, should start with a small number of
countries, expanding over time, and can be facilitated by international organisations. Many of
these conclusions emanated from the experiences of building a well-functioning Nord Pool,
which brings us conveniently to focus on the European market.

On the European Market

The prospect of a European single market for energy has led to a series of studies. The first
stream of literature is focused on assessments of price convergence and the progress towards
a pan-European market. These have identified enablers and deterrents of electricity market
integration and led to at least three subsets of studies. Several authors have analysed the role
of inputs to electricity generation, while others focused on interconnection and market
coupling. More recently, as observed in other markets, a growing body of research addresses
the impact of increasing renewable generation on interconnected electricity markets.

Studies of Price Convergence

One of the earliest attempts to assess European electricity market integration was by Bower
(2002). His sample included mean daily prices, in 2001, for day-ahead trading in 15 different
locations in eight countries: Norway, Sweden, Finland, Denmark, England & Wales, Spain,
Germany and Netherlands. After an initial inspection of correlation coefficients, he
proceeded to use cointegration analysis to assess the level of integration between markets.
His results indicated that there were robust long-run equilibrium relationships between all
pairs of locational spot prices within Nord Pool and between many Nord Pool locations and
locations outside Scandinavia. Cointegration relationships between pairs of locations outside
Nord Pool were weaker, but still statistically significant. The results of correlations and
cointegration between pairs of locations were used as evidence of price convergence (or lack
of it). There was no effective arbitrage process connecting Spain and the rest of locations,
while the remaining European locations exhibited strong price cointegration, but weak price
change correlation. The latter was attributed to transmission constraints which prevented
enough trade to occur in order to equilibrate prices between locations. Overall, the author
concluded that, despite price co-movement and arbitrage trading between locations, the
market was inefficient because generating firms exercised market power at some locations
and mechanisms to allocate capacity on congested transmission lines were weak. From a
policy perspective, he recommended that the European Commission should increase

> SAPP: South African Power Pool; WAPP: West African Power Pool; MER: Central
American Power Market.



competition by breaking up dominant generating firms, rather than subsidising new
transmission capacity.

Building on the analyses by Bower (2002) , Galli and Armstrong (2003), and Boisseleau
(2004), Zachmann (2008) performed a principal component analysis (PCA) of wholesale
electricity prices between 2002-2006 for ten European countries: Austria, France, Germany,
Netherlands, UK, Poland, Czech Republic, Denmark (East and West) and Sweden. His
results provided general evidence that a common European price pattern was increasingly
able to explain national price developments. The author then tested for pairwise convergence
of daily average electricity prices. Results were mixed, with convergence mostly occurring
between directly linked markets. Further analysis confirmed the mixed results in terms of
market integration, with nearly 60% of hourly pairs of national wholesale electricity prices
converging. This convergence was evident primarily in off-peak prices, while three quarters
of peak prices were diverging. The author concluded that at the time the efforts for the
creation of a single EU electricity market were only partially successful. In a subsequent
study, Zachmann (2009) investigated the integration of the new member states, and observed
that the trade of electricity across the German-Polish-Czech border did not lead to a
convergence in wholesale prices. He concluded that buying electricity in the Polish and
Czech markets was subject to high price uncertainty due to low levels of liquidity, market
concentration, and difficulties in estimating the available transmission capacities. His
observations highlighted a need for a common balancing market, which could manage
transmission capacity and thus reduce transaction costs (improve liquidity).

Von Hirschhausen and Zachmann (2009) examined further the integration of new member
states to the EU electricity market. They observed that the Eastern countries had implemented
some reforms, but most market objectives were still to be achieved (e.g. competitive national
markets, a functioning wholesale market and efficient cross-border trade). For example,
Poland had the largest power exchange among the new entrants, but market liquidity was
insufficient to enable competitive wholesale prices. Slovenia was characterized by an
unbundled electricity sector, which was state-controlled. Croatia had vertically integrated the
state-owned electricity sector that was in place. Romania and Bulgaria had a small share of
independent power producers in the almost completely state-owned generation and
distribution sectors. While the Baltic countries, Lithuania, Latvia, Estonia were still part of
the North-West Russian electricity system. In all, long-term power purchase agreements were
in place and the new member states lagged considerably behind, with only Hungary and the
Slovak Republic having achieved standards that were comparable to the remaining EU
member states.

In the same spirit, Bunn and Gianfreda (2010) addressed the integration of the French,
German, British, Dutch and Spanish electricity markets at day-ahead, week-ahead, one
month-ahead and two month-ahead lead times. They tested several hypotheses on market
integration, with regard to factors such as: interconnection capacity, geographical proximity,
level of cross-border electricity exports, demand seasonality, base versus peak price, and
forward versus spot prices. They used diverse methods, including causality tests,
cointegration and impulse-response techniques for both price levels and volatilities. In
general, the authors found evidence of market integration, increasing over time, despite an
underlying inefficiency in each market with respect to the forward and spot price
convergence. More specifically: integration was higher as the interconnection capacity of a
market increased; integration was not a simple function of market proximity, with evidence
that Germany was integrated with both the British and the Spanish markets; a large exporter,
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such as France, did not always create price shock transmissions to the markets it exports to,
possibly because its nuclear generation is normally low-cost. Finally, the authors did not find
enough evidence that there is high integration between seasonal demand and peak periods
and, surprisingly, neither did they find higher integration in the forward than in the spot
market.

Moving away from cointegration studies, Autran (2012) developed a jump-diffusion model
with time-varying estimates and concluded that, despite signs of regional convergence of
electricity prices, market integration of the Belgian, Dutch, French and German electricity
spot and future markets had not been achieved in the period between 2006 and 2011.
Differently from most of the literature thus far, the author noted that the convergence of
electricity prices followed a stepwise process, which could be due to the implementation of
market coupling.

Huisman and Kili¢ (2013) examined the development of day-ahead prices in the Belgian,
Dutch, French, German and Nordic markets, over the period from 2003 to 2010 which saw
both increased liberalisation in, and increased connectivity of, European electricity markets.
Rather than looking at classic price convergence models, as in Bunn and Gianfreda (2010)
above, the authors used a two-regime switching model to ascertain whether there were
changes in the spike behaviour of electricity prices. They defined two regimes: one where
prices were normal; and one where prices were abnormal, i.e. more ‘spiky’. Their results for
the first four markets indicated that the mean log price level in the normal regime increased,
while the opposite happened in the abnormal regime. In the Belgian, Dutch and French
markets the probability of price spikes decreased, while the same probability increased in the
German and Nordic markets. The authors also noted a reduction in the speed of mean-
reversion, implying more randomness in prices, which was interpreted as a sign of
progressively more efficient electricity markets. Finally, they observed that the estimated
parameters for the five markets converged over time, which could be explained by increased
connectivity and market liquidity.

In contrast to studies that tested the integration of European electricity markets and assumed
electricity prices to follow a trend, de Menezes and Houllier (2016) adopted a time-varying
fractional cointegration analysis. Daily spot prices from February 2000 to March 2013 of
nine European electricity spot markets (APX-UK, APX-NL, Belpex, EPEX-FR, EPEX-DE,
IPEX, Nord Pool, Omel and OTE) and month-ahead prices in four markets (French, British,
German and Dutch) from November 2007 to December 2012 were investigated. Their results
showed that unit root tests are inadequate for assessing electricity spot market convergence,
because spot prices were found to be fractionally integrated and mean-reverting time series.
Geographically close or well-connected electricity spot markets were found to have longer
periods of price convergence, and the authors concluded that market coupling initiatives were
delivering a more robust electric system. However, overall electricity spot prices were not
increasingly converging, and spot price dispersion could not be linked to market integration.
Spot price behaviour and their association with different markets were observed to change
over time, reflecting changes in the EU electrical system. Their findings highlighted the
relevance of extreme weather conditions, public holidays, reduced plant availability and fuel
price developments for changes in the speed of mean reversion and convergence of electricity
spot prices. One-month-ahead prices, by contrast, were found to have become more resilient
to shocks and to follow more stable trends.
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Studies of Interconnection and Market Integration

With several studies indicating only partial price convergence among EU countries, attention
was given to the potentially detrimental effect of explicit auctions of interconnector capacity.
Weber et al. (2010) discussed the merits of utilising implicit auctions to allocate transmission
capacity on European cross-border interconnectors. The authors observed that the prevailing
explicit auctions of such capacity often led to ‘adverse flows’, i.e. flows of electricity from a
high-price to a low-price area, which highlighted market inefficiencies where the parties
involved were not able to predict properly prices in the connected regions. The authors then
juxtaposed the use of implicit auctions in coupled markets, where interconnector capacity
simply forms part of the day-ahead auctioning of electricity in connected markets. They went
on to show how market coupling results in ‘normal’ flows of electricity from low-price to
high-price markets, leading to prices converging (where interconnector capacity is restricted
and may be congested) or even equalising (where interconnector capacity is unrestricted)
between these markets.

In the same spirit, Pellini (2012) evaluated the impact of replacing explicit auctions of
interconnector capacity with market coupling, by looking at the case of Italy and its
neighbours France, Switzerland, Austria, Slovenia and Greece, with which it has
interconnections. Using data from deterministic simulations of the Italian day-ahead market
for 2012, which took account of all domestic generation sources, the author built two
scenarios - a reference and a high scenario, with the latter assuming higher demand and fuel
prices. She then proceeded to construct four alternative cases: (a) the baseline case of perfect
competition, whereby generators are price-takers and offer their power output at marginal
cost; (b) a business-as-usual case where generators compete and offer their power at above
marginal cost prices; (c) case [b] with market coupling; and (d) case [a] with market
coupling. After comparing the welfare results of cases [b-d] to the baseline case, the author
concluded that welfare increases with market coupling and the welfare gain is maximised
when market coupling is accompanied by perfect competition (case d).

Kiesel and Kusterman (2016) modelled the dynamics of neighbouring European electricity
markets which are implicitly or explicitly coupled. They focused on the NEW market
coupling, which includes: the 13 countries and TSOs involved in the power exchanges APX,
Belpex, EPEX SPOT and Nord Pool Spot; Spain and Portugal, since May 2014; and Italy,
France, Austria and Slovenia, since February 2015. They analysed the effects of implicit
market coupling on typical products traded on energy exchanges such as futures, options on
futures, hourly power forward curves, and virtual power plants. They did this by constructing
a supply-demand model for coupled electricity markets, where demand is inelastic
(horizontal) and has to be satisfied at all times, supply is determined by the summation of
capacity usage of the various generators according to their input fuel prices and the markets
are interconnected. They used their model to investigate the effects of market coupling for
France and Germany. Although prices generated by the model followed the pattern of
historical prices, the latter demonstrated higher variation, which highlights the challenges in
modelling interconnected markets. The authors made two interesting conclusions: first,
introducing market coupling might lead to lower futures prices in all affected markets, with
increasing interconnector capacity finally leading to price convergence; and second,
introducing market coupling might lead to volatility spillover effects, with the low-volatility
market likely to experience increased volatility. The latter is in line with observations by
Zareipour et al. (2007) concerning interconnected North American electricity markets, as the
authors showed volatility progressing in the direction of the smaller Canadian markets. Other
studies of connected continental markets have also noted the role of the larger and more
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liquid German market in transmitting its price volatility in the region (e.g. de Menezes and
Houllier, 2015).

The limitation of interconnection capacity between EU countries and its role in obstructing
market integration is a recurring consideration in the literature. Gebhardt and Hoffler (2013),
for example, acknowledged that the integration of European electricity markets was still work
in progress, and examined the question of whether price differences were caused by limited
interconnector capacities or also by lack of cross-border competition. Their approach aimed
to assess the extent to which price differences stem from limited participation in cross-border
trade. Using the concept of a rational expectations equilibrium, they derived a theoretical
integration benchmark, which they compared to data from European electricity markets. The
market integration hypothesis was rejected and their findings indicate that well-informed
traders were not engaging in cross-border trade.

Expanding their work on the benefits of electricity market integration in Latin American
markets, Ochoa and van Ackere (2015b), used their system-dynamics model on the UK-
France interconnection and found considerable differences from the Colombia-Ecuador case
that they had studied earlier. They attributed these to differences in generation mix (nuclear
and hydro in France, coal and gas in the UK, hydro predominant in both Colombia and
Ecuador). In addition, UK and France are more mature markets, with slow demand growth
and adequate capacity margins. Since then, of course, the UK energy mix has changed
considerably, with nuclear, gas, wind and even solar having displaced coal as a source of
baseload generation, but with coal being maintained as a backup option with the help of
capacity payments.

Regional interconnection was also at the centre of work by Ciarreta and Zarraga (2015) who
assessed electricity market integration between spot markets in Spain, Portugal, Austria,
Germany, Switzerland and France between 2007 and 2012. They used GARCH models to
estimate spillovers and price convergence, which were then used as indicators of market
integration. They concluded that the target of achieving a single electricity market depends
largely on increasing interconnections and efficient rules of market operation, since they
found evidence of increasing price convergence and stronger price correlation between the
market pairs of Spain-Portugal, Germany-Austria and Switzerland-Austria.

Studies of Common Price Dynamics with Input Fuels

Since it has been argued that in European electricity markets, common long-run price
dynamics might reflect the cost of generation in the region, several authors assessed the
association between fuel sources and electricity prices (Serletis and Herbert, 1999; Gjgalberg
and Johnsen, 2001; Emery and Liu, 2002; e.g. Asche, Osmundsen and Sandsmark, 2006;
Bosco et al., 2006, 2010; SensfuBR, Ragwitz and Genoese, 2008; Roques, Newbery and
Nuttall, 2008; Mjelde and Bessler, 2009; Mohammadi, 2009; Kalantzis and Milonas, 2010;
Bollino, Ciferri and Polinori, 2013). In this spirit, a more recent study, Castagneto-Gissey
(2014), analysed electricity and carbon prices in the year-ahead energy markets during ETS
Phase Il. He observed that electricity prices in the EU can be driven by coal prices, but also
that generators may excessively charge for the cost of carbon. According to his analysis,
prices in the German market and Nord Pool increased 35% above the competitive threshold,
given a unit increase in costs. Although prices could have reflected generation with greater
emissions, he argued that generators might have pushed for higher electricity prices. Market
power may, therefore, moderate the associations between fuel and electricity prices in
European markets.
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De Menezes, Houllier and Tamvakis (2016) also considered the potential impact of fuel
inputs on the integration of European electricity markets. Using daily peak and base-load
electricity spot prices from December 2005 to October 2013 from the British, French and
Nord Pool markets, the associations between electricity spot prices with neighbouring
electricity spot markets and fuel input prices were examined. The authors argued that the
time-varying nature of the electricity price series were such that there were periods of mean
reversion as well as periods of non-stationarity. Hence, the method to analyse co-movements
should reflect these characteristics of the data. Indeed, estimates of localized autocorrelation
functions confirmed that EU electricity spot prices were characterized by local non-
stationarity, and illustrated that such periods could be linked with inputs to electricity
generation. Moreover, British electricity spot prices were found to move with fuel prices and
thus the British electricity market was mostly decoupled from the continental European
markets, while in the French and Nord Pool day-ahead markets price movements were
correlated with interconnected electricity markets. Overall, the electricity mix was shown to
be linked to spot price behaviour and, in turn, can impact market integration.

On the Implications of Renewables

As Renewable Energy Directives increased the pressure on EU nations to increase their
renewable generation, the challenge to incorporate these new, often non-continuous, energy
sources increased as well. Several scholars turned their attention to the impact of RES-E on
social welfare, price dynamics and market integration. As Cochran et al. (2012) argued in
their report on best practices based on the history of different countries on integration of
renewables, there is no universal approach. Yet, critical factors for success could be
identified, for example: public engagement, particularly new transmission; coordinated
planning; the development of market rules that support system flexibility and access to
diverse resources; and improvements in system operation. For example, Oggioni et al. (2014)
and Neuhoff et al. (2013) investigated different wind integration policies, by using simulation
models of policies for dispatch and transmission capacity. Together, their findings suggest
that, with high wind power penetration, priority dispatch is in detriment of electricity market
integration. Although nodal pricing could make better use of existing transmission capacities,
it was argued that this was unlikely to be sustainable under priority dispatch. Hence, their
findings highlighted a need for wind power and solar generation to be subject to market
signals.

A side-effect of increasing intermittent RES-E on wholesale electricity markets is an increase
in day-ahead and intra-day price volatility, since the merit-order curve changes significantly
between high- and- low wind scenarios. Different studies have therefore stressed the need for
secure reserve capacity (e.g. Henriot and Glachant, 2013), especially since more expensive
generators are more likely to face lower load factors (Cludius et al., 2014). As observed by de
Menezes and Houllier (2015), Aatola et al. (2013) might have been the first authors to
consider RES-E policies in their assessment of electricity market convergence in Europe.
Based on daily electricity and carbon forward price data from 2003 to 2011, they concluded
that electricity market integration in Europe was increasing over time, and that carbon prices
might have had a positive but uneven effect on integration.

Anaya and Pollitt (2014) explored trends in distributed generation across Germany, Denmark

and Sweden. They focused on the regulation of renewable energy generation, grid access and
connection mechanisms, and attributed the spread of distributed generation in these countries
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to the early support given to the expansion of renewable energy generation within their
respective national policies. Germany and Denmark were countries with the most
sophisticated and evolving support schemes, with Germany having the most favourable
connection regime that prioritised connection and dispatch. Sweden, by contrast, treated
equally different technologies. High connection costs were observed and, as network upgrade
costs were shared across customers, policies that avoided unnecessary costs in expanding the
distributed generation were needed. Accordingly, smart technologies, combined with new
business models, should be considered in the context of interconnected markets in order to
enable efficient use of the distribution infrastructure.

Tangeras (2015) developed a theoretical model of a multinational electricity market with
transmission investment in order to analyse the effect of RES-E policies on market
integration and national policy makers’ incentives for implementing renewable policies. He
concluded that goals of increased RES-E production and market integration can oppose one
another when implementation is decentralised. He argued that, if national policy makers
choose RES-E support schemes to maximize domestic welfare, a trade policy incentive
operates independently of any direct benefit of renewable electricity. His model predicts
electricity importing (exporting) countries to choose policies which reduce (increase)
electricity prices, thus the pursuit of domestic objectives is inefficient as it distorts
transmission investments and market integration. The added social benefit of additional
transmission capacity may not be achieved. This inefficiency cannot be corrected by having
national renewable targets, centralised subsidies to transmission investment as well as fewer
and harmonised policy instruments, as for example an integrated certificates market for RES-
E, are required to increase the efficiency in electricity markets and reduce the scope for local
trade policy interference.

De Menezes and Houllier (2015) investigated electricity market integration before and after
the closures of eight nuclear power plants that occurred within a period of a few months in
Germany during 2011. Interrelationships of daily electricity spot prices, from November
2009 to October 2012, in APX-ENDEX, Belpex, EPEX-DE, EPEX-FR, Nord Pool, OMEL
and Swissix and wind power in the German system were examined with the use of
MGARCH models with dynamic correlations and fractional cointegration analysis. Changes
in short and long run behaviours were analysed. Their results showed positive time-varying
correlations between spot prices in markets with significant proportions of shared
interconnector capacity and negative association between wind power penetration in
Germany and electricity spot prices not only in the German market, but also in its
neighbouring markets. In addition, in most markets, a decreasing speed in mean reversion of
spot prices was observed, which led the authors to conclude that electricity market integration
in the EU might have been affected by an isolated national policy that changed its electricity
mix.

Horst Keppler et al. (2016) assessed the impact of renewable production and market coupling
on the spread between French and German electricity prices, with the use of panel data
regression models. They observed that, since renewable electricity production is concentrated
on periods with favourable meteorological conditions and interconnection capacity between
France and Germany is limited, increases in production of wind and solar PV in Germany
resulted in increasing price-spreads between the two countries. Their estimates, based on a
sample of French and German day-ahead hourly prices from November 2009 to June 2013,
showed that RES-E production in Germany increased price divergence between the two
markets, which however was mitigated by market coupling which has been in effect since 10
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November 2010. Their findings, therefore, call for research on the optimal level of
interconnection as well as further analysis that would include a larger number of countries.

Friesenbichler (2016) started from the principle that a single EU market for electricity does
not exist and uses the fragmentation of the European electricity market as the background in
order to examine cross-country variance in policy making. Germany showcases the
promotion and diffusion of RES-E, which led to its exports increasingly causing difficulties
in grid stability, i.e. imbalances between demand and supply and greater risk of outages. The
author explored why other EU countries have not experienced such difficulties, by comparing
German, Spanish and Danish policies and institutional arrangements and then linking the
observed differences to differences in sectoral outcomes. These three countries were chosen
because they financially promoted the diffusion of renewable technologies effectively leading
to significant increases of RES-E in their electricity mix. His analysis underscores three
cross-country differences. First, country size matters: Denmark successfully integrated
volatile RES-E by compensating imbalances via the Nordic wholesale market, which is
possible due to its size and open economy; by contrast, Germany and Spain have been less
flexible in securing supply internationally. Secondly, the different designs of promotion
instruments for RES-E: in Spain, the premium option required RES-E operators to meet pre-
defined targets that mandated the management of systemic risks via balancing loads to RES-
E generators, thus the system operator was exposed to less complexity which facilitated grid
stability. Thirdly, differences in institutional architectures might have contributed to a
reduction in coordination problems and thereby led to different outcomes; while Spain
implicitly imposed the prioritisation of security of supply over other policy targets via its
control agency, German policies are less coordinated and their flexibility can lead to
conflicting priorities. Hence, the author concluded that his findings indicate the relevance of
energy policy coordination and a common hierarchy in objectives at EU and national levels.

Karanfil and Li (2017) used hourly data covering the period from January 2012 to May 2014,
to investigate the causal relationships among the price differences between the intraday and
day-ahead markets, the deviations of wind generation, conventional generation, and total
demand from their committed day-ahead levels, as well as cross-border electricity trades in
the Nordic electricity market.. Their results, from VAR models and generalized impulse
response (GIR) simulations, show that the wind and conventional generation forecast errors
explain the price differentials between the two markets, and that the relative intraday price
decreases with the unexpected amount of wind generation. Zonal differences were also
detected. The authors noted that the Nordic intraday electricity market can be regarded as
effective because causality between the intraday price signals and the market fundamentals
could be established. They noted that although their analysis highlighted the practicality of an
intraday market, they could not conclude that the market is optimal, since balancing costs and
other data would be needed in a more comprehensive analysis. Nonetheless, their study
showed that cross-border exchanges are important in handling wind power forecast errors, as
in the case of Denmark intermittent production deviations are effectively reduced, because
the forecast errors are jointly handled through the responses from demand, conventional
generation, and intraday international electricity trade. This management of forecast errors is
important since wind power forecasts, rather than the actual levels of wind power, have been
shown to be positively correlated with electricity spot price volatility (de Menezes and
Houllier, 2015). Indeed, their conclusions underline observations by Woo et al. (2016)
concerning the potentially positive impact of improvements in wind power forecasting on
electricity markets.
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As EU markets are looking for cost-efficient ways to maintain system reliability and price
competitiveness, interconnection and market coupling will need to accommodate innovations
to manage demand response. Feuerrigel and Neumann (2016) argued that when integrated
into electricity markets, demand response can be used for load shifting and as a replacement
for both control reserve and balancing energy. They compared these three usage scenarios
using historic German data from 2011 and observed that load shifting provides the highest
benefit: its annual financial savings was estimated to be 3.1 billion euros for the household
and the service sectors, and corresponded to savings of 2.83% compared to a scenario without
load shifting. They concluded that reductions in bid sizes, delivery periods and the time-lag
between transactions and delivery dates are needed to facilitate demand response, thus
highlighting some design challenges and trade-offs that are faced by coupled EU electricity
markets.

On the Current Status of Market Integration in Europe

The different streams of literature imply that full market integration is still work in progress.
In fact, TenneT's Market Review 2016 (TenneT, 2016) reported that during the first month of
the year, the CWE region had convergent prices, but subsequently prices diverged into two
zones: a price region containing Germany and the Netherlands, and another including
Belgium and France. According to the monthly average of day-ahead prices, in the first eight
months of 2016, price differences between market areas in the CWE region were small,
however in the last four months of 2016 the average price was approximately 54 €/ MWh in
Belgium and France, and 37 €/MWh in the Netherlands and Germany. Nevertheless, the
report also underscored increases in hours of price convergence between many market areas
in Europe from 2015 to 2016, which can be seen as a positive development for the integration
of national electricity markets. In addition, the report shows that day-ahead electricity price
volatilities in 2016 was on average comparable to 2015, which may suggest improvements in
the management of renewable electricity generation. It is noteworthy that quarter-hourly
products are traded in the intraday market and enable a better approximation of the real
demand ramps and generation variability (e.g. from solar or wind power generation) than the
hourly products at the more liquid day-ahead market. These products are especially important
because imbalance settlement periods are on a quarter-hourly basis.

Comparatively higher electricity price volatility was observed in Great Britain. Possible
explanations provided are a combination of heavy infrastructure maintenance, security of
supply concerns following unplanned power plant closures, and the political turmoil of Brexit
that devalued the British pound. The latter underscores the potential impact of isolated
policies and the ongoing need for cooperation in connected markets, especially since the
second and third highest volatilities were observed in the neighbouring Belgian and French
day-ahead markets. These observations reinforce the conclusions of many studies that relate
to the need of coordinated policies in EU electricity markets.

Summary of Findings and Implications

Overall, studies of electricity market integration imply that transmission capacity,
interconnection and coordination between regions or countries can drive price convergence.
However, price convergence is not always present, even within individual countries, such as
Australia or the United States where there is one, or a small number of ISOs. In Europe,
legislation, a common approach to regulation, and market coupling have achieved some level
of price convergence. Nonetheless, most studies imply that full market integration is yet to be
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achieved and that the extent of convergence is time-varying. Several studies highlighted the
shortfalls of explicit auctions of interconnection capacity and strongly recommended implicit
auctions, eventually leading to market coupling, as well increased connectivity. Electricity
prices appear to be responding to market coupling initiatives and increasing interconnector
capacity, but studies also emphasise that short run dynamics can be very volatile and
generation fuel prices may be responsible for the mixed findings on market integration.

Government targets for energy efficiency, carbon reduction and renewable generation have
generated research interest into the various aspects of integrating increasing amounts of
renewable sources, which are often interruptible and more difficult to predict. Although there
seems to be consensus that renewables are the right pathway to controlling carbon emissions,
high renewables penetration brings its own challenges. While the level of wholesale prices
may be lower, volatility seems to increase. Increased interconnection is one way of dealing
with the need to redirect increased amounts of renewable generation to neighbouring regions
or countries. Interconnection, however, is only one of the building blocks of a reliable
electricity system. Given the increasing penetration of renewable energy, system flexibility is
paramount. For example, Nord Pool Spot operates both the Elspot day-ahead and the Elbas
intraday markets mainly in the Nordic (Denmark, Finland, Norway, and Sweden) and Baltic
(Estonia, Latvia and Lithuania) regions. In contrast to Elspot, where prices are settled through
an hourly uniform-price auction after the day-ahead gate closure at 12:00 CET, Elbas is a
continuous market where trading takes place from 14:00 CET on the day before the day of
operation, and up to one hour before physical delivery. The intraday prices are set on a first-
come, first-served basis, that is buyers and sellers choose directly the bids to be accepted in
the market. A similar conclusion was reached for US regional markets, especially those
which have set high renewable energy targets, such as California, or have high renewable
generation, such as Texas. As a result, all US RTOs operate both day-ahead and real-time
markets.

Even with increased interconnection capacity, market coupling and competitive electricity
trading, large-scale penetration of renewables still brings challenges to system operability,
reliability and security. Researchers increasingly point to the need for demand side
management (or demand response) as a way of mitigating the weak predictability of
renewable generation. Demand side response is also challenging, as much of the knowledge
that has been acquired by system operators in forecasting load profiles that have led to very
precise estimates of short-term aggregate demand may become less useful, especially in the
context of interconnected markets.

While the jury may still be out on giving a verdict on the efficiency, effectiveness and social
benefits of the various electricity market structures, operations and markets, we are faced
with overhanging taxing issues and emerging fresh challenges. Of utmost urgency is the
decarbonisation of the energy and electricity supply chain, while at the same time
maintaining security of supply. There is no panacea on how this can be achieved and most
countries are pragmatic about future technology pathways. For some countries switching
away from imported fossil fuels to domestic or regional renewables may be a no-brainer,
assuming investment in generation capacity, transmission and distribution is cost-efficient.
Other countries will find it more difficult to adapt; existing thermal capacity offers reliability
and security of supply, employment and the opportunity to generate profit (often from heavily
depreciated assets) both in the domestic and cross-border markets.
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Some countries have taken more definitive steps than others to tackle the issue of
decarbonisation. Great Britain has committed to a combination of increased wind and solar,
switch towards natural gas and away from coal (albeit with capacity payment made for
backup generation during peak-load periods and winter months), and continuous commitment
to nuclear generation with investment in new plants that may become too expensive given the
decreasing costs of solar and even offshore wind power. Germany is continuing its path to
energy transition (Energiewende), which has been expensive, but embraced by society and
has led to local technological development. To do this, the country has had to rely on the
rather odd combination of lignite, hard coal and renewables, but in more recent months it
seems committed to a switch to natural gas, despite the political ramification this may have in
terms of security of supply. At the same time, the country has also reformed its Renewable
Energy Act (EEG), initially in 2014 and again in 2017. EEG 2014 cast aside the FIT system
and sought to control how much renewable capacity is installed every year, while at the same
time it introduced auctions for solar PV. Voss and Madlener (2017) looked at bidding
strategies for the pilot auction scheme and concluded that it was possible to successfully
award funding authorizations for renewable energy plants via an auction process. EEG 2017
goes a step further with the extension of renewable capacity auctions to wind (both onshore
and offshore) and biomass, in addition to solar.

Denmark is a good example of a country with very ambitious targets of 100% renewables in
heat and power by 2035 and 100% in all sectors by 2050. Denmark currently has the highest
wind penetration in the world and has benefited from monetising its generation technology by
selling it around the world. It relies, however, on its access to the interconnected Nordic
market for its security of supply. Also, it is a relatively small market, approximately a tenth
of the British electricity market and a twentieth of the German one.

As noted earlier, there is increased interest, and need, to harness a flexible demand side
within the electricity system to match the uncertainty and, at the same time, inflexibility of
renewables. In their discussion on how to integrate wind through changing the design of
balancing and intraday market design, Borggrefe and Neuhoff (2011) suggest the use of six
criteria: (a) facilitate system-wide intraday adjustments to respond to improving wind
forecasts; (b) allow for the joint provision and adjustment of energy and balancing services;
(c) manage the joint provision of power across multiple hours; (d) capture benefits from
international integration of the power system; (e) integrate the demand side into intraday and
balancing markets; and (f) effectively monitor market power. The authors point to the
example of the market design for PJM (as well as the other US RTOs), where the system
operator uses locational marginal pricing (LMP), centrally adjusts intraday dispatch close to
real time, integrates demand side response and effectively monitors market power.

The dilution of market power could be one of the additional benefits brought by a higher
participation of renewables in the energy mix. Renewables are to a large extend smaller scale
projects, in comparison to conventional thermal generation assets. They, therefore, lend
themselves to a more decentralised ownership by smaller financial units. For example, in
Germany and Denmark distributed generation by smaller renewable units, such as wind, solar
and biomass CHP, are positively encouraged. With an expanded portfolio of smaller
renewable generation assets and a grid which is smart enough to handle both distributed and
large-scale supply, demand response and interconnections, new business models and
entrepreneurial opportunities may arise. Examples include: aggregators who can pool small-
scale generation; demand response managers who can act on behalf of both large and small
consumers, generate savings and be remunerated for balancing services; energy storage
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managers who can absorb excess supply from poorly-forecast renewables generation; electric
vehicle (EV) fleet operators who not only offer transport services, but are effective managing
‘moving’ batteries which could be used for small-scale demand response; and IT-based
companies offering managerial and system-operation services.

The above examples of new business models and opportunities increased competition in
electricity markets requires the implicit assumption of increased market liquidity, lower
transaction costs, and the reduction of market power exercised by incumbent large-scale
generators. In their study of the effects of the diversification of energy portfolios on the merit
order effect in an oligopolistic energy market, Acemoglu et al. (2017) showed that when
thermal generators have a diverse energy portfolio, which includes some or all of the
renewable supplies, they offset the price declines due to the merit order effect because they
strategically reduce their conventional energy supplies when renewable supply is high. In
Great Britain, decreasing wholesale market liquidity alarmed the regulator (Ofgem), who
instituted a system of licence obligations, intended to help improve independent suppliers’
access to the wholesale markets, and who also undertakes an annual review to assess the
impact of the reforms and compliance of market participants (e.g. Ofgem, 2016). In
Germany, the electricity market is also deemed to be liquid, but is this the case with other EU
countries? The same could be said for many of the US RTOs, but is this the case for entire
US electricity grid, given the limitations in interconnections? As for Asia-Pacific markets,
liquidity is for the time being an aspiration, linked to future plans for increased
interconnection, renewable generation and more active cross-border trading.

Ultimately, electricity markets are an integral part of the broader energy markets and the lines
separating the two are increasingly blurred with technological advance. For example,
transportation has remained largely separate to electricity markets, as all modes have
traditionally relied on some form of liquid fossil fuels, whether gasoline, diesel, fuel oil or jet
kerosene. Only electrified railways linked transportation with electricity. As car
manufacturers are competing to bring more and more EVs to the average consumer,
electricity (and how it is generated) is increasingly linked to transportation and this has
already started to have implications for generation, distribution through specialised battery-
charging infrastructure, randomness of demand and the possibility that EVs could also be
used for energy storage purposes.

The issues highlighted offer a glimpse to the complexity of integrating electricity markets, in
the face of rapidly changing energy markets, technologies which are likely to create
disruption and the unabated pursuit of energy which is secure, affordable and sustainable. As
some scholars have observed “there is no ‘one-size-fits-all’ recipe for all markets and all
countries” (Bollino et al., 2017, p. 2). With developments like the ones discussed above,
common sense and good practice should point towards minimising complexity of market
design to reduce transaction costs, improve liquidity, ensure market depth to reduce
investment risk and keep attracting investment. At the same time, continuous intra-day
trading provides the right environment for maximising the benefits from renewables
integration, greater energy efficiency, and the resultant decarbonisation of the world
economy.
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