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Overview
Interconnected transmission network not only supports larger markets for competition but also balance demand
and supply in a large penetration of variable renewable energy. However, interconnection capacity is a scarce
resource, because it is historically built for reliability reasons rather than economic trade. Hence, market design for
efficiently allocating the scarce transmission capacity is important. Generally, there are four congestion management
methods: first-come-first-served, pro-rata, explicit auction, and implicit auction also called market splitting or
market coupling (European Transmission System Operators 1999, 2004). The first two methods are non-marketbased schemes, whereas the latter two are market-based. Plenty of literature studies the inefficiency of explicit
auction compared to implicit auction in the European context of the market coupling (e.g., Bunn and Zachmann
2010; Brunekreeft, Neuhoff, and Newberry 2005; Creti, Fumagalli, and Fumagalli 2010; Ehrenmann and Neuhoff
2009; Füss, Mahringer, and Prokopczuk 2020; Gugler, Haxhimusa, and Liebensteiner 2018; Keppler, Phan, and Le
Pen 2016; Newbery, Strbac, and Viehoff 2016). Another strand of literature focuses on the impact of renewable
generation on the domestic and neighboring markets in conjunction with interconnector capacity (Annan-Phan and
Roques 2018; Abrell and Kosch 2022; LaRiviere and Lyu 2022; Gugler and Haxhimusa 2019; Woo et al. 2011;
Keppler, Phan, and Le Pen 2016). However, there is little empirical evidence regarding the impact of the transition
from a non-market-based rule to a full implicit auction. Little is known about the quantitative impact when firstcome-first-served is replaced by implicit auction.
First-come-first-served (FCFS), one of the non-market-based rules, allows only incumbents to reserve the
capacity for free well in advance before the wholesale day-ahead market clears. Similar to an explicit auction,
traders must first acquire interconnector capacity ex-ante before the day-ahead market allocates corresponding
energy across zones. Reservation was allowed not only for keeping up to 10 years but also for its renewal. It was
allowed effectively as legacy non-tradable physical transmission rights. Consequently, the day-ahead market could
only allocate the remaining interconnection capacity. Moreover, those who could reserve can also cancel the
reservation even after the day-ahead market clearing, leaving unused capacity. This implies that they can
strategically withhold the transmission capacity from the market. Furthermore, when the remaining capacity
overflows the scheduled flow, the market has been split and the prices diverge between export and import zones
under the zonal pricing. This might give incumbents the incentive to withhold the interconnection capacity because
the zone price in importing zones becomes higher and the value of their local generation resource increases
(Bushnell 1999). Hence, this study investigates how much the implicit auction improves economic efficiency
relative to FCFS. Under full implicit auction, incumbents could no longer reserve the capacity, and all net
transferable capacity (NTC) is allocated in the day-ahead market.
This study focuses on Japan where the FCFS rule has long been used, even after liberalizing generation and retail
markets by 2016. Unlike European countries, Japan never used explicit auctions. Japan has a single power exchange
(Japan Electric Power eXchange: JEPX) operating national wholesale markets together with nine TSOs. The dayahead market adopts zonal pricing, and a full implicit auction was introduced on 1st October 2018. Thus, Japan
provides a unique opportunity to study the effect of the transition from the non-market-based method to the implicit
auction. Moreover, we can avoid potential omitted variable bias. When we model two countries in Europe (e.g.,
Germany and France), these counties are connected by neighboring counties whose covariate data is often not
available. By contrast, Japan is not connected to other countries and all zonal data is available. An additional
advantage of studying Japanese interconnectors is that its network is effectively radial and our analysis does not
suffer from loop flow issues.

Methods
We leverage rich hourly data to estimate the effect of the implicit auction on market efficiency gain. We first
estimate the volume effect: full implicit auction forces suppliers and retailers to join the day-ahead market to gain
interconnection capacity and increase the amount of bid/offer quantity. We exploit the shape of the supply curve and
the fact that a demand curve crosses at a steeper part of the supply curve during the peak period to identify the effect
of the implicit auction on system price. Second, we estimate the trade effect of implicit auction. Increased
interconnection capacity available in the day-ahead market enables more trade and reduces the price gap between

import and export regions. We focus on two interconnectors where congestions were most severe during the study
period: Hokkaido-Honshu line connecting Hokkaido and East zones and Frequency Converter connecting between
East and West zones. An instrumental approach is used to address the simultaneity of the price gap and trade
quantity. We then estimate the welfare gain of implicit auction.

Results
We find that implicit auction has an economically significant impact on welfare. The volume effect is over $ 500
million/year. We also find the trade effect in both interconnectors. Annual production cost saving by the increased
trades is about $ 24.1 million across Hokkaido-Honshu line and $ 93.3 million across Frequency Converter after the
five-month of implementation. The total annual efficiency gain is about $ 280 million. The overall annual benefit of
implicit auction amounts to $ 780 million.

Conclusions
This study highlights the full merit of implicit auction relative to a non-market-based method. Implicit auction
improves an efficient resource allocation in the day-ahead market even without costly upgrading of the
interconnection. It is known that, unlike an explicit auction, the implicit auction can avoid economically inefficient
use of interconnection capacity, i.e., export from high price zone to low price zone. However, this article shows that
implicit auction can also reduce underutilization caused by the cancellation of reserved capacity under FCFS.
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